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I= Introcduction

Growth models usually single out the factor "capital™ as the major
determinant of economic growth; Since capital has to be produced,its scarciiy
makes itself severely felt at the early stages of development, The natural
deduction is that it has to be imported, provided that it can "pay itself
back" later. Capital importation can take one of many forms:

1) It can be imported against exports of non-capital goods; This
possibility is quite limited,since it assumes the ability of the
economy to produce a sufficient surplus over and above its current
consumption needs,

2) Grants provided free of charge form a net addition. In principle,
grants for consumption purposes can play the same role since they
can free other resources for investment purposes. However, these
are usually given under conditions of difficulty in meeting cur-
rent consumption requirements. Hence,unless coupled with careful
plannin@,they might eventually vanish through increased consump-
tion.

3) During the last two centuries the accelerated rate of capital
formation in the prospering industrial and commercial countries
has set private capital wandering around looking for investment
opportunities in the underdeveloped world, The success of such
movement went hand in hand with expansionary imperialistic acti-
vities. The history of colonialism is partly that of foreign
dapital movements, This source went on the downswing towards the
middle of the present century,

4) After the end of the Second World War,the trend shifted towards

borroved capital; This took place at the same time when many
ex-colonies gained their independence, and started more systema-
tic action geared towards economic and social development of

their economies.



Thus the desire to establish high rates of growth has initiated
a vorld-wise flow of borrowed capital tied up to development plans., It seem:,
however, that in less than two decades,some sort of a policy reconsideration
is taking place both in the creditor and debtor countries. The fact that
loans are usually negotiated on governmental or semi-governmental levels
has eventually given the lead to political factors, Even if we dismiss this
side of the problem, the flow of borrowed foreign capital need not conform
exactly with the plans of the developing countries. Criteria for choice of
investments which creditor countries use in judging their loans, normally
differ from those obtaining first priority in developing countries,

It is not our intention to discuss the political issues involved,
important as they may be. Further, we shall also assume that the choice of
investment projects is not unduely affected by the whims of creditor coun-
tries, Granting that loans are concluded under the most reasonable condi-
tions both from the political point of view;and with no economic disadvanta-
ges as far as the selection of projects is concerned,the question can be
raised: What are the effects of the terms of the loan on the development of the
borrowing country? Which is the party really gaining from the loan activity?

The answers fo these questions are of vital importance for the
long-run development of the developing world. It is mnot sufficient,however,
to invast{gate criteria for judging foreing loans. What is really needed
is to introduce the effects of both the loans and of their service expli-
citly in growth models, Elementary growth models on the Harrod-Domar lines,
are usually presented to developing countries as a manageable device for
building up the general frames of their plans.l) Such models emphasize the
contribution of a deficit in the balance of payments, i.e., loans, But they
usually leave it at that, without indicating the necessary surplus which
has to follow im order to provide for the debit service,and the adverse

effects of that surplus on the rate of growth;

1) See for example Ichimura's model; Appendix to ch.II of,ECAFE: Programming

Techniques for economic development.
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The I¢NeP.Ce has already made a start towards the investigstion of
the role of foreign loans in loag-term development. During his attachment
to the Staff of the Imnstitute,Mr.Qayum prepared two memos, dealing with

some aspects of foreign loans:

' -~ Memo.570: "Ecomomic Criteria for Foreign Loans" (May 196%)

- Memo.579: "Size of Foreign Loan,Annual Repayment,and Exchange

Rate in Programs of Economic Development" (June 1965).

The titles chosen indicate that the main purpose was the discussion of forei-
gn loans in the first places Although he produced another memo (563) at the
same time on "Long term growth of a developing economy", he failed to inte=~
grate the various aspects of loans in a more elaborate model of economic

growth.a)

The present memo., is a review of Qayum's approach,meant to rectify
certain fundamental errors involved, It is the first in a series which aim
at investigating the implications of foreign loans in order to pave the way
for more elaborate models of ecomomic growth., In a following part we shall
deal with the problem of loang under the fixed instalment assumption; A third
one will deal with the terms of trade factor which is quite important whea
dealing with a span of time such as that involved in loan repayments. This
will be followed by a study of the relative advantage aceruing to both the
debtor and creditor countries, Sophistication of the behaviour of the para-

meters of the economy will be introduced at a later stage.

1I- Notation:

In this and the following memos we shall adopt a system of motaticn

whose main elements are summarized as follows:

2) See sectiom IIl1below, The three memos were reproduced ian a recent book
by Qayum: Numerical Models of Economic Developm@nt; Rotterdam University
Press 1966.Memo.570 was further pubiishad in the E.J.,June, 1966 pp;358-

369,with some minor variations,as will be shown later.
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= G.D.P,
- Gross domestic savings

Gross domestic capital formation
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s0 = Base year savings

The Size of loan in national currency

Increase in G.D.P. due to base year savings
Increass in G;D;P; caused directly by the loan

iy

11

Annual instalment for loam repayment
Cumulative domestic investments created by the loan during

D > =2 2 o H WM
t

the repayment period
The increase in G.D.P. at the end of repayment period due to
the loan and to A.

Rate of interest per annum

<

Repayment period, in years
Gestation period of loam-financed investments

L}

= Repayment laQ in years ‘
Replacement period for loan-financed capital

Gross capital coefficient (marginal)

Overall marginal propensity to save

i et QWD 0N
il

Marginal propensity to save out of incomes generated by

domestic investments
Marginal propensity to save out of income created directly

™
i

by the loan
S = Base year average propensity to save
Ratio of annual instalment to the base year G.D.P.
A = Ratio of the loan to base year G;D;P;
§ = Ratio of A to the locan
v = Ratio of V to the output of the loan

€= § + 1 = total increase in domestic capital due to the loan
related to its size

ne Value of S adapted for existence of gestations and repayment lags

b = Value of € similarly adapted = "+ 1 ‘

p = Ratio of r to ‘_;-,-

b = Ratio of annual instalment to the loan



In equation (32) we introduce the following abbpeviations:
jo

d:.zS(l+f%.;)

P=@ = T
a

Q= = -7
' §

and for ( 1 + < ) raised to any power, the corresponding
capital letter is used:

(1+Z)®

't
Fg(l*ft-)f

2
H:.'(l-#v,r)

<1+%,>k

Further in (€1) we have :

E

K

1]

k¥~ k+ £ =1

K* = KF = {1+ oyt

FRl ¥

For investment, output and savings, the values in the no-

loan case asre deacted by the same symbols primed : If, Y, 81
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III - Mr. Qayum's Approach

In a footnote to his article on "Economic Criteria for Foreign
loans" (Memo.570), Mr; Qayum stated that he was "motivated to study this :
problem by the various statements made by the U.AWR, leldsrsﬂnbouf the terms of
West German loans to this countrg“. His findings were in line with those
statements, \‘ 3

Further, he defined his objective as follows:

"The purpose of this note is to study the terms and conditions

that are generally involved in these (development) loans,from

whatever sources they may be; in the light of the long term

economic advantage that accrues to the borrowing country".

His main findings can be summariﬁed as follows:

The benefits of the loan are positively correlated with the

“magnitude ofs .

" = the marginal propensity to save
= the repayment period

- the repayment lag

and they are nogatively correlated with:

=~ the capital/output rabio

~ the gestation pericd of 1Fvastmeats financed by the loan

-~ the rate of interest charged on the loan,

Mr,.Qayum beljeves that,tha most effective elements are the margi-
nal propensity to save,(net) capital coefficients and the rate of interest &
His own "guess" is that the marginal propemsity to save seems to affect the

situation more than othors;

These findings conform with what can be expected a priori. The
model used is quite simple based om a fixed propensity to save and a fixed
capital coefficient, In memo.579, he used a more sophisticated model inclu-
ding a Cobb=Douglas production functiongthus allowing for a varying capital/

3)See for example, his "Numerical Models" pp.63~64
4) E.J.,1966, p.368



output ratio, as well as a changing marginal propensity to save. Although
he used that model to determine the size of foreign loans necessary to
achieve a certain income target, thus taking one step towards the formula-
tion of a developmemt model which allows for loans explicitly, he did not
account at the same time for the repayment phase. "Once the size »f The
foreign loan has heen decided, the question about its repayment ariSes."B)
At this stage he shifted to another problem, which is the necessary change
in the rate of exchange required to encoursge exports in crder to provide
for r@payment; It may be noticed here that this treatmemt is not systensticz,
especially as the origins] model assumed savings to be equal to investments,
i.,e., 2 balanced balance of payments; To account for the difference he
appended the discussion with a consideration of the impact or final consun-
ption, This means thut his propensity to save is in fact a propenmsity to
invest. The resultani saviag propensity has still to be tested for feasi-
bility, in spite of the fact that the change in the exchange rate has been
already determined, :

The sane, svhicle suffers from another error. Table III gives unac-
ceptable values for aamual values,which led him to the absurd result that
a loan of 1000 at 4% can ba »epaid over 20 years at the rate of 44 amnually,
thus being paid back ab 85% of its iaitial value. The reason is the intro-

duction of an extra terin (LE) which is rodundant. The correct formula woull

be (in our amotabtion):
bu =b= Y f;.-:f‘;}f;. (t=1y00050)
e

‘Table III has to bs correcied accordiagly. &) But the guestion has still
to be asked whether the compound interest rule is the suitable basis for
calculation of insislmeniis.

Let us,ther i ore, go back to memo.570,and its E.J, version, Consid:wr

5) Memo.579,p.7; or "Numerical Models" p,57
6) pe7+. The correction given in the text was made in the reprint in

"Numerical Models",and Table III was corrected accordingly.



first the criterion chosen for judgimg the benefits of the loan. Ian our
terminology he first used the criteriomn A ,i;aas the cumulative investmen.s
created by the loan over the repayment period. This was replaced by another
criterion 4 + L in the E.J, version with the gross concepts replaced by

7 In both instances the rule was that the given criterion

chosen should be nom-negabive if the loan is to be "worthwhile from the

net concepts.

very long-term point of view", Thus in one case the loan is considered
favourable if after repayment it leaves the economy ia possession of a
capital capacity exceeding that which would have been created in the absencze
of the loan by at least the amount of the loan, In the second the loan is
worthwhile if it leaves %tc the economy the same capital steck that could b:
obtained without the loan; the capital due to the loan being caten up by
repaymants, A more careful discussion of the choice of the criterion seems
warranted,and we shall take it in the following section.

The most serious error however, is im the formula used for expressing
the advantage c¢riteriorn, While it follows the cumulation rule in ths first
two rounds it falls back simply %o the additional effects in the following
roundS; This can be seen as Lfollows:

Let the loar L yield the output N

Nz L (1)
/]

With a marginal propemsity to save ", an amount o N is saved. If A,
is the annual instalment to be repaid in year %, the residual for capital
formation in any year t is, say

R. = TN = Aﬁ

,1.’ -y
¢ ; . ; ) ] o et iy o R
This raises s new income (-;:{:?. R‘t‘] in year % + 1, out of which ;é; 5
is saved., Of course we have to add to this Rt+] defined in the same

manner. This is correct so fare The slip starts from the comsiderstion of
year t+2, Instead of comsidering the direct and indirect effects of Rt’
i.e., the (% Rt) itself obtained in t+1, hence continuing subsequently

7) E;J;, 1966Q p;361. These were Lhe main correctiomSmade thers,probably
after consultation with Prof.R.C.0,Matthews who "“pointed out very

crucial slips®
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(the same as with N itself), plus the saving out of the extra indome gene=
rated by it, namely (7)011”5 of 435 op ( ’O’} R : M. Quayum takes into con.
sideration this latter extra effect only. H:l.a definition of tl2 total

investments due to the effect R’t is 8)

[.1+§+(%) +...+(°—)-t]

GB, s 0w L@
N -O 7

The increase ir the capital stock due to the investments zencrated

Eet

oy QQ

by the loan, excluding the loan itself is denoted by Si,,
3

2. o
t=1 t

No attempt was made {o sxpress this sumas a function of the data

and parameters,since runsrical golubions were in -ri@s:.
Now, since Rt always included o N, we have to investigate the
extra savirgs gewsratul., In year t+l they are %1 Rt e In ysar t+2, Wwe
still have %this % R. plus % out of it or 7y <z (1 +9—,C})R = —-R{r (-%;) R
In t+3 we sgain have this latier plus g out of it, or %.( 1+ T
and so om, Iz year €, the effect will be ﬂ-(l—t- F)em-'i. R'l;
Thus the %Lotal for mtl_f yearts inves tment is
T'-t':Rt[1+ % 4 -5;(1.-:- ,01)4-.”-5- (1-:-%)’&"1;-13

i ()

oqu

= R‘b(]'+'3')

3 i _
Phe sum 8 , o {ia oue notation) A , can be chtained by summation.

First we nmotice that the annual lastalment is:
A= L[C1a (e~te1)x | (3
s
Putting j = € - %, then % =e-= j Hence

Rt:LE- - L [1-:- e+ T - r(emj)]
e

s L (¢ - %j)
e
where, C :% e~ 1~7T
8) There is a printing error in the power of ihe last bterm in memo.570,which
was corrected in the "Numerical Analysis".It wes given as (e~t=1) inste:d

of (e=t) ;
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Further, we notice that:

el &=1
Aes -\ J Stk et | N T
j?.o j(1 + %;) = % i (1+ ,a/) = G-"EE(:L'*,D,) (1 +?j):|
“(0‘) [(l %:,)e”—(h - )E_J
z%:[(. 1 +%) 1] [e - f.f. 1]+ Le
Bl : e

8=l 3 g=1 §
ﬁ;.ﬂe@, Z;-; v (14"73;‘)' e %1‘3(11-?—)
oA gie e e .
..5,[(1«},53 “"U[@’e*’d‘r" 1-er:] _éI_._g.e'r

Ae 1 ZI[c1eB- ](e-2) G-m-erfe)

Qayum's other formulae for the cases where gestation periods
and payment lags are involved,have to be corrected in the same manner,
On the other hand if we choose the alteraative criterion, we havé to add

L to A, This brings us back %to the problem of choica of the rule suitable

for judging the benefit of the loan.
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IV= The Advantage Criterion

The immediate effect of the losn iz to »aise G,D.P, by its full out-
‘puts Later om, this extra income initiates a series of domestic iavestment:s
vhich help to increase G.D.P. further, On the other haund, repayments work
in the adverse direction, This latter ceases when the full repeyment 1is
ovar,i;e., starting year (e+l). From there oawerds,the eccnomy dsvelops ai
its own inertia,determined by the ratio ( %.), Five cases can be distin-
guished; as indicated in Fig. (1)
\lt

o e+ €Tk t

Figure (1)

Let a represent Eq and ¢ represent Yl if no losn was taken, while

p is Yl including the output cp of the loan. The curve acdb represents

the path of ¥ ia the no-losn case, where d is the value of ¥ in year e+l
after repayment period, The five cases are imdicated by the following
paths:

1) path pdyb,. Here Yoop 38 &y vhich is less than d. For all j>o,
the value of Ye+j is systematically lower than the value obtaineil
without the loan, The segment dlbl is parallel to the segment db

with equal horizontal distances which means increasing vertical



distances, Clearly %he loan is harmful from the long-term point
of Viéw,sine& the loss will go on infinitely, If the loan terms
are quite severe the loss dd1 might be even greater than the out-
put of the loan cp. In any case such a loss will occur at some

future date, e+k say and afterwards.

2) path pdb. In this case the eﬁd of the repayment period leaves
G:DoP, at the same levels whi@h could have been obtained without
the loan, According to the E.J, version this is the caé@ where th:2
loan is just worthwhile, with '

ik A+ L0
In fact the loan is quite neutral as far as development is concer-
n@d; \

3) path pd2b2 where dd represents a net gain due to the loan,thouga
not to the full zmoumt of the loan: Since vertical differences
increase in absolute terms, there exists some point e+k of time
where the gain in Y is equal to the full cutput of the loan.
According %o the E,J;criteriongthc loan is considered advantagpous
from the long-run development poini of view, I%t keeps income

always above the levels achieved without the 10&3;

&) path pd3b3 where dﬂB is just equal to cp. At the end of the
repayment pericd, the economy is able to preserve the full output
due to the loan. The conditions of the economy are such that,
with the given ferms of the lcan, it is able to let the investments
financed by the loan pay‘the lcan back, This is the case where

A = 0, which was chosen by Qayum ib his criginmal version.

5) path Pd,by which shows the ability of the economy to generate
domestic investments equal to the loan,before its full rep&ymeﬁt

This case is advantageous according to both criteria.
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Whichaver criterion we choose, the case whare a c¢learcut decision
can be taken is that of a neutral loan, But the whole situation is left
to the conditions of the lcan. The critical point chosen is determined at

s

o

(e+l) which depends on the %erm of the loan, Thus il the an is vepaid

3
5 satisdied in

Bt

in 10 years, we have %o make sure that the critical point
: aryi LEoa s rapail n ears, the critical poeint is aye
the 1lth year., If it is repaid in 40 y s the critical poeint dalaoyed
accordingly, :
e changs in the criterion used was scionmpaanisd Ly a switeh fronm
The changs in th b 1 panied by teh from
gross to net concepts. A little veflection shows that this switch is inma-
ial, n either case, the same formula leads to the same valve dowes-
terial, In elther ¢ s bh formula 1 6l 1 of dowes
i uct, allowing for the di Erence betwesn the gross and ne nce %
tic product, sll i the diff bet he g 1 net concepil:

Therefore we can investigabe Gthe problem oz the basig of the gross concept.

First, let us considey the case of an indlvidual firm, We can dis-
tinguish two cases whera the firm wants to raise capital from external

resourcss, The first is that in which there is some temporavy need which

is expected tv laut for au limited period after which things "fall back to
\\ o 3, - . ()
normal, The zeccad is the case where asn expansion is lxn view, and is ex-

Ir the former case the fipm vesorits to borroy-

pected 0 lash

ing snd arraages payment of the dsbh ia such 2 way that keeps
%

its capital intact. Ia the 1j as to rsise new capital from the
market. But thex i3 has 3o »ut sslde veserves which would ansble capital
renewal after the pericd im which it is expected o he consumed.

In the case of the nutional ecomomy a similar differentiation can be
nade. Loans hald for purposes of meebing requireaments of preduction with-

out aiming av imcraasing the capscity of production have to satisfy the

&
s}

criterion that capital should be left intact after repsymeni (which usually
occurs in a very short period)., Thus we should have: A= 0. A value smal-
ler than that would mesn that the loan has leaked into coasumptior purposes,
and the rate of growth of productiorn will be smallsr than withcut the loasz.
Normally these loans are held with the hope of enalling the sconemy to

export in the very nesr future an amount which is sufficient %tc repay then.

The problem will disappear if exporisz are reazlized durliag the same year,
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and the loan - or credit facilities -~ will not figure out in the annual
accounts of the country.

Lit if the loans are meant to imcrease the possibilities of growth
of the economy, which is the main feature of development loans, something
more has to be aimed at, We have t0 remember that such loans should essen-
tially play the role of capital raised by the individual firm, Of course
these loans should ipso facto satisfy the condition_&_};oo But there is
a2 certain decepiive feature about imvestmenis financed by foreign loans:
The projects thus constructsd are tangible, and one is apt to forget those
projects which will mot be there because of the charges due to the repayment
phase., According to the principle adopted by firms raising new capital,
reserves accumulated at the end of the life of the'capital goods thus prow
cured should be equal te the same amount,

Therefore we can argus that a development loan is considsred advan-
tageous if conditions are such that at the snd of the k years of the life
of the project financed by i%, the economy was capable of regaining in full
the original capital;i.e., the loan, Hesre k depends c¢n the type of invest-
ment rather than or the terms of the loan, amd it is pessible that k% e.
Since the behaviour of the rate of growbth differs between the period of re-
payment snd that following i%t, we have to investigate the implications of
the two criteriaAmQ, and A+ L = 0, in order to locate the proper poinits.

This will be indicated later.

V= Restatement of the Qayum Model

The corrections made in Section III can be comsidered as solution
for the problen raised, Hovever, it is advissble to work out another solu-
tion (which,incidentally, is much simpler) in order to pave the way for
further investigation o¢f the development of the economy. For ths moment
we shall stick to Qayum®s basic assumptions. This means that:

1) Base year data are given; We further introduce the variation that

the base year average propensity to save s need nct necessarily



equal O , This will not affect the argument s can be seen

from (4).
2) All aggregates are expressed gross. Conﬁaqu&utiy, both the marginal
propensity to save, g, and the marginral capital/outpunt ratio
are on a gross-Lo-zross b@SiSog)
3) Only one loan is concluded sometime hefore year 1, its ratio t
base yeapr 4,D,P, b@ing)\,
Hieg ?\Y (5)

What is applied %o a single loan can be extanded to a ssries of

logns taken cozssaubively.
4) The output of the loam is N defined by equation (1) or

J

0
In principle oupr sznalysis will mot he greatly affected if the rele-

uziy

vant capital/ouvtput retio differs from that for the domesiic eco-
nomy o
5) At this stage wae nusd not worry about the gestabion period, since

we shall assume Hhat repaymend staris im yesr 1, which is the first
year im which full cagaeity is ﬂchievsd, On the other hgrd, invesi-

resources are assumed o producs in tho

weats Ligszosd by

T1 A o
following 3
by proper csleulution of 7, wader sssumpbions of systematlic growsh,

this is not so, we ¢ar approximate it

6) If the wepaymext pericd is e, and the rale of interest r, the an-

wal instalment according to Qayum's assumpiions asre A, civen by
[+ 2 t
base year G.D,P. to obtain:

1+ (esl) p - trd) (7

According o we can formally treat the loan as

#3340
being zdditions to domestic investment in the base year, both starting to
e

produce in year l. Now according to the average propensity 3 the base

year savings are :

)
Then we can treat base year investmernts as follows:

T BT riles (R READ Yo )
9) Strictly speaking,the assuaption of a comstant capiital/output ratio would

not f£it exactly in this case.However,it can ba zccepied for a period long
enough as probable values of e,

Jaso' mgy (8)
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G;D;P; in year 1 will be therefore:
Y]_ﬁYO-F%IOQ(l-FS*%A)YO (10)

Savings will increase by a ratio O of the increase in income
Sl ﬂ'so + o ( Yl - YO). Or, writing

Gl m (ALY e (1)
] "b/ 7
we have:
S1 = C Yo (12)
Il = ( C = al) YO (13)
where,
3, = % (1+er) (%)

Thus given Y and the parameters s, 0 , 7 s A and a,, ve can
determine the first year aggregates, In this trestment we assume that
the balance of payments is balanced im the absence of the loan,

For the remaining years g 2:3c405y €+l, we have the folloaing

system of equations, in which AT 0.

Y, = yt-—l + 718_ ‘ Itm1 (15)
- 6

B e

I, = St L W (17

Equation (15) mesns that Yt = Yl oL ST It’ In parti-
o
cular: e
Yo el Ve g LSS T T (18)
e+l 1 ¥ 1 t

Solving (16) and (17) together we obtain :

I, = Clis %;) I,y * (3_1=34) @

From (7) it can be found that (a, X1,

ST T e Y
Hence,

g A
It-(1+-%—)xt_1 Q(Er) T, (19)



The solution of this first —order differace squation can be sasily

found to bhe: ’K N }’A
G‘ t l L T a_:m”w; r 2
Tha sum in (18) is:
2 I 3 -‘*'(( 1+ "") -l] {_s 1+ L)+ -g-‘-(-g e +gr - er - 1)_; Yo
ale (AiY T (21)

Substituting in (00

Ye-ﬁ-l ‘a];.[( o

Dy Y3¢1 is expressed ass
o\e
f -l—l : l: ( 1+ S 3o ?\ (-3;8-:- z‘~er-1)]

e [: j_.:.; + m (--«-x' )] T (22)

i
0

P

Similar exprsssione hold for ¥, , (ta ! 1,4.008), wilh the power @ changed.
to (t=1) in the firssd Laie
If no loan was bakern, a simllar system can he constructed and

solved in the sane naang Denoting the aggregates in this case by the

same symbols with @ priums, we cum chbain the solubtion imnediately by

putting Aw D and a, = O 12 the above formulae, while YD and J = So remaul.

v

the same,
J ; Bl
‘_{’1 gL % Ly (23)
@
2 LR 00 L B G e S, ]
erl X 1 b

F"urthar, e i o ae = ’ 3 ] : ,
3 ora |82 1| [ 2] 7, (24)

g | -
e L
Hence,
Sl e iy :
* o 3 - ﬂ‘é"‘" 1 “ --u-.‘ r fr) - 5 5
3“"1 o j_s_ \ --‘I‘, o. b \. 1’ ' }-O L t 1 8’- )Y{ (2.))
Subtracting (24) from (21) we obtein:
ST It 5 :
SHTRUT | ) (R e (26)
1 )

which can be seen to be h@ same as (4), and where

5-%%.3.:“51*%‘ “'1:\ g':) (%-/—-r)«- ef} (27)




y
(o

Since A is proportionate to Lg the ratio & is independent of ;\ s i1ie,, of
both L and Yoo It is a function of the parameters of the economy, g , and

the terms of the loamr, & and r,

The total additional capital due to the loan is L + A , Denoting
its ratio to the size of the loan by £, we can write:
Elm st Lis Al C1ab) Lie &1 (28)

In fact the term "capital" is not strict unless we sre using net
concepts. In our case it denotes the cumulative of gross investments over
the given period, To rationalize the use of such a gross cumulative, we
introduce:

Va¥, =Y =N+l pAgl (1+48) g, 1L (29)
e+l '
This shows that if the original model is accepted, then the ratios §

and € play the same role whether based on gross or net concepts. This

latter criterion can be expressed as a ratio of Yo :
A : A

va¥l o £ (841)z B (30)
ey 't e

0
The two advantage rules suggested by Qayum are:
1) The extra invesiments due to the loan are nom-megative: A > O.
This means that : \
&0, EZ+ Vo (31/a)
2) The disinvestments due to the effects of repayment should not
be greater than the size of the loan itself i AZ =L, or A +L2 o
&> -1, E>o0 v 2 0 (31/v)

This second condition is milder, thus setting absolute minima for
the criteria chosen., The use of & or £ involves zero minima which makes

them more convenient than v.

VI- Gestations and Repayment Lags

The above treatment ignores two factors which might have impor-.

tant effects on the final results, though working in adverse dirsctions.



The first is the possibility that there might be a lag in the realization
of the gestation period, In fact we implicitly assumed the possivility

of the existence of such a& lag provided an equal lag is given for repaymens.
For a more general traaﬁm@nt; we have to imtroduce the effects of a gesta-
tion f and & repayment lag h., The periocd to be consid=red is hte, which

brings us to the end of the repayment periocd.

Starting again from a loam in year 0, we assume thai the projects
financed by it are complsted in years 1 to f, sp that their output begins
in year f+l, We shall assume that they also reach their full capacity at
that date. Thus the output L :IQ% ¥ is to be added to Y, , instead

-

of Yl‘ Any It can he dmcmmpégadintothrae parts (some of which might be

zero); First, thers is the part which could be obtaired without any loan:
]

T, =8 «( 1+ oyt oy

v 0

Starting from vear h+l, we have to subtract the amnusl instalment a, YO

e
o

which hag to be writiesn mow, &, ,Y%- The algebraic sum of these two parts
=i

is dencted by ;

dg Botg. " Mon G820

At this stegs we adopt the following notation:

Ea(l-ﬂ- %}&p F::(l'i" %)f :
Ha 1+ 2 tas (14 %) (32)
pm(e-n-oﬁf), qm(-%-,«-r)

The situation is similer Lo that expressed by system (15)-(L7), hence
the solutiom is similsr %o (20): i
LS T [§ ( 1+ %%)ﬂ+l ~ . ( 1+ er QJIYO

2
a
{53(14- %i)h*'l -?é-{l-ﬁ-(e-g)r} T,

o % .
Lﬂ Hoomo 21+ ) ] i
The solution for J, (t=h+lyse0y h#+e)is:

3, = 14-%)“1""1 | an - %(l-ﬂwpr )] Yo—gehr T (33)

L H



The cumulative value over the period of repayment is:

h+e

> Ay ¥ 2
}%41 th-g(E-l)[dﬁw;.g:(ld-pr)]YD—«- erY (34)

This is equivalent to (21) with Hz L and the output of the loan ‘? 0.
h

To this sum we add the sum of 1nvsstmeats in the first h years 3} It *

which is the same as without loan, >

h ' &/

%‘Itgb‘(ﬁ"l)dyo (35)
Firally, we have to add the third part which is the series of investments
dve to incomes generated by the loan, The initial investment in year £ + 1
15 AE Ty and it increases at the annual rate ( 1 + ?), which gives the

cumulat:.ve total of

h+e Poafem] |
Z'?\”‘(l %) Y e NCER S i)Y
£4l ;? RO "?‘\(',';r- o
= 7\[@ H~F ) E + ( E~1)] Y. (36)

Adding up the three components we obtain the cumulative of investments up

to the end of repayment period :

e+h
T z:a'/( EH-1 ) d Y 4 ew-a[:(E-l) pg + e -g(H—F) E _er]Y

7 7
(37)
From this we subtract the cumulative in the non-loan case:
eﬁ‘ It_,»l(EH-z ) 4 Y

The relablve advantmge corresponding to 5 is 2

TLn 2 1[(E~l)pq—er]+% ( B=F )

M= &§ ¢« E (B-F) (38)

F

It h= f; the two criteria are equal. When they differ, the two

criteria will differ by an amourt which is approximately equal to

A (h~i‘)(1+%)e‘%§; (39)

*4
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This approximation is on the lower side; since it ignores positiv: terms

involving higher powers of If either h or f is zero the sam« formula

still holds. Hence it can b

S

considered as a general one.

o]

VII - Advantapge of the Lomu:

The total cumulative savings created as a result of the loan was
defined as a ratio & of the loanm in the case where h and £ are boih zero.
This vemains true if h = £, If they differ a amew term emerges, which cas
be denoted by ¢

msE, {H~F) - (40)
The ratio is altered fmm & to ¢

R=Eem=dsrlen=ntl (41)
The conditions (31) have %o he expressed in terms of n and A ; whilc v has tc
be interpreted im terms of incomes in year (e + h+ 1 ) rather than ( e+l )
Thus if mis positive,f can Lall below its zero minimum.

Let us investigate the sige of £.

&'f.;:,zi.. “u)pq-erj+1
t\ﬂ' 5
'_1;_'1’ CEeY ) + e i (42)
o e X JP q
Now,
(E=1) pre :E5_3+-I§=,QE_ ’X€E_|)

i | il
M ,;
F o ‘ o
et 0}!
‘-/
1 E==>
~ 17_!
28 3
-+
] "’:’;
[y
=

.

Phis is the sum of & elements, all of which is positive for any positive e

Hence 3
(E=-1)p+e >0 (43)
Phis shows that the sign of & depends on that of q. Hence :
> - 24,
£ 20 if = 2 (4

The exact value of v can be obtained by solving 42):

”‘?[ . "TTET‘T‘"J

wnere = W - e If m is positive, & can become negative in which

(45)



a i :
case r can exceed o, At a zero m, the minimum value of € is zero and

91 wheng = 1, The interest rate has to fall below -%-;-g only approaching

r m

4
it at e = 20 .

To investigate the behaviour of e; we notice that the quantity between
brackets in (45) should be non-negative :

€e 0
L - >
e + (E=1)P

s> [1- 1-£] - (6)
7 a E - &
Since Ew (1 4+ %-)e> (14 e -%--), inequality (46) can be reduced
ez de @)

Thus€ = O can be realized for any positive value of e. As € increases,

This gives:

Lo

the minimum period of repayment has to increase, reachimgg at Em 1;
thereafter imcreasing beyond that limit, On the other hand, imequality (47)

provides a bound on the relative advantage criterion &£.
The characteristics of the case £ = 1 can be investigated om the basis

of the formula for » :

T A -%:[ (E=1)p ] (48)
e + (E-1)P
Since the denominator is positive, the numerator should be mom-negative,

which means that

P %Ol or, i
e ge L oo for which O g Fic 7 _(‘*9)

For exsmple, if 0"z 0.10 and Y= 4, the repayment period has to exceed
40 years, At e w 50 years, r = 0.8%; at e = 100 years, r = 2.15%;- then it
increases gradually to 2,5% at an infinite e. If < is sshigh as the
unrealistic value 8%, the loan should be repaid in more than 12,5 years.
With e = 15 years, r » 2,13%; and with e = 40 years, r = 7.47%.

Higher rates of interest are compatible only with larger val_i_ies of m,

which enable & to fall below 1. Noticing that for many developing ecomo-
mies the ratio % hardly exceeds 5%, it can be seen that with the familiar

-
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values of ry e, £ and h involved in foreign investment loans, no se¢rious
cbntribution to development should be expected. The above analysis shows
that unless a generous repayment lag is accorded, a rate of interest excee-
ding g will sterilize s good part of the loan's comtribution, especially
at relatively small repayment periods.

This means that naive models based on assessing loan requirements as
the difference between total resources necessary to achieve a predetermined
target and the resources that could be raised out of domestic means beg the
question, If we take loan conditions as granted we have to rely on (}L’A)
rather than A itself, But this raises many difficulties, and it would be
moxre advissble tﬁ_pmﬁ elear-uut conditions on.P1 other than simply requirirg
it to be positive. For this purpose we suggest the replacement criterion

as a working hypo%hesis;

VIII~ The Repluccment Rule:

The requirement that & (or }L) should be unity to ensure that througk
distribution s£ repaymert over time, domestic resources can tske over from
foreign resources sounds asceptabls on its face value. However, the large
values of e revesled by the previous analysis show +thst no control is
availed to the debtor counbtry on the total size of development resources at
a reasonable fubure date.

It is only natural that such a date should mot exceed the life of the
projects fimanced by the loans, If we ave working with gross concepts, as
we suggested here; this meams that the country should be able to replace
those projecits cut of domesbic means accumulated over and above any repay-—
ments made. Assuming cut any changes im prices, this means that at the end
of the replacement pericd, k , the cumulative investments should be equal
to the value of the loan itself,

Let us consider the case where both f and h are equal to zero, Three
possibilities are open which can be distinguished on the basis of the rela-
tionship between e and k. The first is that of k = e, which requires € to

be equal to unity; This has been already investigated; Let us turn to the
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other 2 cases,

a) k S:e :

We construct an expression similar to 45; replacing e by k :

%‘.(It-lg)=ég[(x-1)pq - kr].Yo (50)
where
' Tig (Il v )t (51)

ey
Equating this to zero, we can solve for r :
;]

r:g-[ (X-1)p ] & ""[1« K
v k + (K~1)p 7? k+ (K-1)
Compared with (45), this shows that:
e O >ﬂ (53)
e k+ ( k=1 )p

E-~Kz ( ek )% + positive terms
( E-K e=lc YIS L or, Bel e
>0 ; ) 7 O > e

(52)

Since,

K-1
This means that for nron-negative values of p,
£21
Given k, and for values of e} 7 both £ ardr can be calculated.

For e at its lower bound, r = 0, and as e increases indefinitely,

r approaches its limit L
Let us denote the ratio of r to %?by f):

P=x/% = (K1p (54)

k+(K=1)p
This can be solved for e to give :
e BLiie 0y e kil (55)
L 1-p0 k-1
ory, its approximation :
- app. 6
e = = ( 1-1-0) appe (56)

Given any rate of imterest within the upper bound %?, we calculate
its ratio O to this latter and substitute im (56) to obtain a rough
estimate of e, which can be precised by means of (55). It might be
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seen that (56) is slightly on the lasrger side; its discreps .oy

increasing as k increases, Notice that (56) is independent “f k.
For example if & w 0.04, and r = 2%, which means t .ab

p_ 0.5, the appmmmate value of e is 503 J..e., it has to e some=

where below 50, For k = 15, it should be 11-3 7 years and as k inc=
reases to 20, the value of e drops further to 41,8, A rate of

interest equal 1o 3%, requires a repayment period of 8l-2 y:ars
for k = 15, and 75,4 for k = 20; while the approximate period is
100,

b) ke :
Tm this caze we have to account for the extra iavestment during
the pericd e + 1 to k. Given tha;x:; H
S,xI +a ¥ «I +g& (l-t-I')YG

2 14 Lye-l ¢ L2 Ay
4 1&'&<“+’5‘ ('I‘I*G“Eryo) eG’rYo
Hence, IME = S@H = SeS + "‘?’Ie” o ¢ 2(
G € A
T-Hvl“'( +7-;3 (d+-—-pq)Yw-ve=*=a,qu

Starting year e + 1, no repayments are involved, Iavestments in

each of %thess years can be expressed as follows:
froe Zem ],
£ (e80T I
It = ( 7| ) a+l

;(1.,“5':;.;“;){*'1(;14.._7!“0%)? + ( 1+ Lme"lﬁfqu

¢ ; :
For I‘b ( i.es, the no~loan case ) the same formula applies,
with\= O, Henze the cumulabive over the years e+l to k, of the

extxi?a 1nvestmem:§i3 is ¢ 7{
2(1 I (K—E)z (pq-:-—q..l.)Y

én
To this we add A as definmed by (4), in order to obtain the total

of extra cumulative investments due to the loar in the k years.
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Equa‘tlng this to zero, we obtain :
0,1 [K(pq+gql)-(pq+er+ q)]
E

=13[£<qu+ﬁq)-e;ﬂ 57)

Dividing both sides by K 6—; -a s and moticing that

qu-r-’qwq.a [( E-1 ) p-be:l (-rz,-r)
it follows that :

I:(E—l)p+e-i{5_}_ _\-%,:—LE-I)p+e]r

Solved for r; this gives :

o
T o s SR e (58)
7{ ‘_ K e+ ZE—ljp-l .
from which we deduce :

£z EL1 (59)
X

Using (47), we can assess the minimum value of e.

e>Z >e+%

Hexnce, ,oa -
e);( ) (60)

If K»2, the minimum e can fall below -g. Therefore, given k, we
have to calculate (60) in order to make sure that e is smaller than k.
Of course this assumes that k > ir _ ;

In the previous example where % = 0,04, if k w 40 years,

(60) gives e 7 appe In fact the minimum value of e is

2 ‘“‘%”1 -
about 12 years, The maximum value under, this case is k = 40, at
which r is found to be 2.02%. At e = = = 25, the value of r = 1.78%;
and if e=|§only, r = 0;8%; If we are to allow some larger value
for r,J, we have to resort to the formulae of the previous case.l Thus

(56) shows that for a rate of 3%, ¢ = 71 years.

We can conclude that if 1:)%, we can check the values of r
at e 5%( and at e = k., If the value of r is not acceptable to the
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creditor country, a higher rate has to go side by side with a .arger
period calculated according to (56): In fact (56) helps to locate
roughly the position of e at a given rate of interest with respect to
k. For example if » = 0:8, hence D= 0.2, formula (56) shows that
e m 28 years, which is smaller than k, and we have to shift to the
relevant set of formulae,.

In any case the few examples which we have considered have shown
that unless the interesis charged are very low; the period of repaymert

is apt to exceed that of replacement; probably several times,

IX = Gestatlonz,logs & Replacement:
g M !
We now jebroduce the same assumptions made before as regards the

gestation pwrﬁoa, £y and the repayment jag; h‘ together with the replace=

ment perisd, k, The pase where K = h 4+ e, has been already investigated.

ke
We turr to the other two cassst
a) k€h t s ¥
Using equabicns (33), (35) and (36), we can find the extra invesi-
ments due to the leawn up 4o the end of the first k years following the

geutdtadd nnr¢ﬂq Tt ws imbroduce the following nmotation:

Pl P S G N SO T X = KF (61)
H
Hence,
k+f i p kgl @\ tmf=ml ~ o
S Ol o ;}1 J, + = (3.4,-,-69 7\? i

i 5 hel £¢l

(Kﬁ"&)h :g;(pq-c%) Y - %gk‘ryo-\-(\(-ly)\\lo

This sum has to be equatad o zero if the replacement condition is to

be satisfied, Rearranging the terms and dividing by 3\Y we obtain

0-11 [(Ki-l)pq-ukr]-r ( E-KT)

or,

li[(l{_g'_wl)pq-‘(k—hurf)r-]-!-_g\(H—F)aO (62)
e U & H
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Compared with (38), it can be seen that the left hand side is similar
to 719 with E replaced by K = KF/H. On the other hand_,ﬁ if we ignore
the “ast term, it can also be seen that the rest is similar to the
expression (50) with k replaced by kﬁ. Since k;h, and f are given,

the above expression can be solved for r in terms of e and vice versa.

b) k> e+h=f s

_ Following the technique used in the last section we can obtain
an expression for the advantage criterion. First of all, we have the

value of the part over the first e+h years by means of (38), namely

’A'n’@% -g[‘( E-.l)pq-er] -i-A( EH*E)
-£-1
- For the remainder of the period, we have : &th

(II) &(h%,)‘"l(pq_e_,)_,c\_;a:r*,')\_hz(l-r

14

-

? a e a g \e~h=f ~ o
(BEli %) -(pque-,b—,)-l-(l-l--,o'/) }\?
*q

+ ®>
!02

(
A
e

It 'E‘ollows that between e+h+l and ke+f,

- I =R (1 23 g £) 4 (10 Sy
YA R gt h--e-l
e O u q
Hence
i%’f (I = t)ﬁé‘%(ﬁ-?}) (pq-e—,a-;)+(K-EH)7\
e+h+l ’f %/
¥ eh'b'*’(-a k=

E
To this we add 7\Yl,

- I4k
s % (It—It) .2‘-%( Kfe19pq + (LEET A

e
AX 0 AT
2T a- 2

+
L
:%g [%—(qu+gq)-(pq+gq+erﬂ

+(K—-K'))\



Equating to zero we gel an expression similax %o (57) with X replaced
by K!, and we also have the extra term in ( KK ) as in the previous caseo,
Dividing by )\ we obtain :

AGLHre x % 5
18 i g+ 20) = a5 B2 0 63)
—0‘['}‘::' % O_Q) ,5*-( (

Since both K and Kx are given,the solution of this equation proceedsy
as before. It might be noticed that if h = f, then K @ X and we are back

to the case considered im the previous section,

Conclusions:

In %ais mcmo;, we have tried to study the full implications of the
Qayum model. The hasic idea was to bring the model much closer to the
stucy of longeb. e weviioviond, with foredgn Ilvans explicitly introduced.
The model was found %< L& dtself to a more straightforward expression

vhen the fundamental process described by Qayum

conplicetions arisiag from the wifferences that

gestation poriods and repayment lags, the main results

loan depends on the sign

and the »ate of interest r.

eff@ut on the “*ngwrun deve=

26 by eouality between the
oo ates.  flie the Hurweoade-Domar model, the present one is charac-

(’)

terized by a knifewedge squilibrium path, where & single point out

of an infinity of alterrnatives satisfiecs the condition of coincidirg
paths.,

(2) The effect of the repayment period length is the magnificatinn of

the effectsyonce the direction is determined according to the

’ »

i
above rule. Since the magpification of a zero effest is itself
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zers, the'abore results show that the "]-.érigt-h ?f the wepayment

period is irrelevant in the zeroweffect case.

It was also found that an excess of the repayment lag over the
gestation period produces a positive effect, |

A prolongation of the repayment period is, generally, less usef'il
than according a repayment lag by the same length. Let us ignore gestatio.s
which have the same negative effects in either case. A prolongation by a
period h means that the repayment period is e+h, and the criterion €&
becomes

5' ; yL(EH-l) (p+h) + (e-;-h)_i q (64)

e+h
On the other hand el &+ (EH-E) = E + (EH-1) - (E=-1)., Hence the

ex;aﬂs.ﬂ-flover & ,g
fdeig 1 -@-/ (EH=1) [”“ p+h):|-- La -] %(E—l)[lﬂp]fa—'q

e+h
Approximating (E=1) by e :r and (EH-1) by (e+h) %? , Wwe find that
p—-E=rn > o (65)

The excess increases as h increases; it is also more pronounced for higher
values af v,

In this paper we have attempted to introduce some principle by whica
the point of time at which the advantage criterion is to be measured;
Although this principle has the disadvantage of introducing a characteris-
tic of the projects financed by the loans, such a disadvantage can be diluted
by considering some sort of an average replacement period, or even a comp-
let=ly different basis for the determination of k; Once k has been deter-
nired the restv of the analysis remains valid, The outcome is, 1if we stick

o a single set of parameters & and 3’ we have to face situations in which

e

extremely long repayment periods have to be accepted.
15 to ooint out certain facte,

The elaboration of Qayum's mudel &
One main result is that if loans bove to 1cccive zny consideration Irom

Yopen e L
£SO IR

developmental point of view, the behaviour of the parametcrs bins
reconsidered, Lhis is treated in a rorthcoming paper, toget..or with tuc

possibility of adopting the fixed instalment principle,
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Appendix I.
Values of Criterion £

The criterion £m &+ 1 can be calculated according to (42):

ar.
ey % F [f:E—l ) p o+ e:]. q
ke ; .\ e 1 - &
ca g ffoepralce-Pedgn

According1&43)g ?kEnl) P + e:] is positive always, for all relevant
values of the parameters;~ It follows that the sign of g is that of
qd @ ( *?2',; - v ), The condition that €0, simply means that %:& ny
whateve; e- i,

On the other handé it is sufficient to calculate the expression
%o be nultiplied into gq. Given r we calculate g and hence the corres—
Therefore instead of tabulating E_# we tabulate the multi-
according to the

_0;025, and we can

ponding £ .
plier of g, and the reader can obtain € for any given r

Thus, if "5 .10, and 9= 4, then é%'m _
use the table given in this appendix to multiply it by (0,025 = ).
any ;> 0;025 the value of & is negative; Thus if e & 30, the tabulate«

above formula,
For

value is 25;366 which when multiplied into (0.025-r) gives the following
values, which are compared with Qayum's estimate, to indicate the amount

{"-:‘

of errors involved,

A corrected values Qayum's estimates
€z 20 30 40 g2 00 30 40
202 |+ .072 | + .127 | + (200 | 779 | 1,199 | 1.620
fou 8lE e o v 80 8| s 600 2558 -873 1,188
,06 ~ .506.| - .888 | -1,400 337 « 547 2757
.08 ~ 4795 | =1,395 | =2.200 “ 116 .220 325
It is clear that while r defines the sign of’&; the role of e is to

magnify its value. -
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Table I = Values of S __§___w
- l & =7
15

(=

Loy
14 o el el Rl G0 35 40

02 | 3,164 | 6,201 | 91649 | 13,554 | 17,970 | 22.955 | 28.574 | 34.900
2025 | 3,206 | 6,390 | 10,113 | 14,455 | 19.505 | 25.366 | 32.153 | 40,000
.03 | 3.248 | 6,584 | 10,601 | 15.420 | 21,180 | 28.047 | 36.212 | 45.900
<035 | 3.291 | 6,785 | 11,113 | 16.452.| 23,007 | 31.029 | 40,818 | 52,729
204 | 3335 6,991 | 11.651 | 17.555 | 25,000 | 34,347 | 46,044 | 60.634
2045 | 3,379 | 7,203 | 12,215 | 18,737 | 27,174 | 38.039 | 51.975 | 69.791
05 | 3,423 | 7422 L12.807 | 20,000 | 29,545 | 42,146 | 58,709 | €0.000
[0 | S0 | fieht | A S | B R | GidE ) i
1065 | 3,559 | 8,118 | 14,765 | 24,344 | 38,034 | 57,465 | 84,899 | 123.466
07 | 3,606 | 8,364 | 15,482 | 25,999 | 61.399 | 63.765 | 96,099 | 142.623
2075 | 3.653 | 8.618 | 16,235 | 27.768 | 45,056 | 70,777 |108.823 | 264,538
<08 | 3,700 {8,878 | 17.025 | 29,661 | 49,053 | 78,582 |123.275 | 190,601

For intervening values of e or i? s the above table can be easily

i
interpolated,
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Appendix IT = Values of m & M

The introduction of gestation period and repayment lags changes the
criterior from € to My according to (41):

ng; E % m

where m e Ef - E
! - ; . e+h-F
o h Sy g
B2 B 2 (1+ $3)%x (1+5)% /7 (1+E)" = 0*”‘)
T q ¥ 4 (4
To overcome:the difficulty of tabulating m, which has four dimensions,
we tabulate
a.\n
N -7} ( 1 + Te-r) ;
For the given values of e, f and h we read the table by substituting
n for any of them then substituting to obtain E®, hence m, This can be

added to € as obtained from table I.

Table II - Values of (.1 4 %iln
%
(aF 3 Nk
¥
- 3 3 4 5 6 7 8 9

202 | 1,0404 | 1,0612 1 1,0824 | 1,1041 | 1,1262 | 1,1487 | 1,1717 | 1.1951
2025 | 1.0506 | 1,0769 | 1,1038 | 1.1314 | 1.1597 | 1.1887 | 1,2184 | 1,2489
203 | 1.0609 | 1,0927 | 1,1255 | 1,1593 | 1.1941 | 1.2299 | 1,2668 | 1.3048
1035 1,0712 | 1,1087 | 1,1475 | 1.1877 | 1,2293 | 1.2723 | 1,3168 | 1,3629
(0% 11,0816 | 1,1249 | 1,1699 | 1,2167 | 1.2653 | 1.3159 | 1.3686 | 1.4233
<045 11,0920 | 1,1412 | 1.1925 | 1.,2462 | 1,3023 | 1.3609 | 1.4221 | 1.4861
«05 11,1025 | 1.1576 | 1,2155 | 1.2763 [ 1.,3401 | 14071 | 1,4775 | 1.5513
2055 11,1130 | 1,1742 | 1.2388 | 1,3070 | 1.3788 | 1.4547 | 1.5347 | 1.6191

1236 | 1.,1910 | 1,2625 | 1.3382 |1.4185 | 1.5036 | 1.5938 | 1.6895
2065 [1.1342 11,2080 | 1.2865 | 1.3701 |1,4591 |1.5540 | 1.6550 | 1.7626
.07 |1.1449 11,2250 | 1.3108 [ 1.4026 |1.5007 |1.6058 |1.7182 |1.8385

1556 11,2423 | 1.3355 | 1.4356 |1.5433 |1.6590 |1.7835 |1.9172
.08 |1.1664 11,2597 | 1.3605 |1.4693 |1.5869 [1.7138 |1.8509 |1.9990




Table II, cont.

a n

i 10 Gy 20 25 30 35 40
.02 | 1.2190 | 103459 1,485 |-1,6406 1 18114 | 1,9999 | 2.2080
025 [ 21,2801 | 14483 | 1.6386 | 1.8539 | 2.0976 | 2.3732 | 2.6851
03 | 1.3439 | 1,5580 | 1.8061 |'2,0938 | 2,4273| 2,8139 | 3.2620
,035 | 1.4106 | 1.6753 | 1.9898 | 2.3632 | 2.8064| 3.3336 | 3.9593
0h | 1.4802 | 1,8009 | 2,1911 | 2.6658 | 3.2434| 3.9461 | 4.8010
045 | 15530 [ 1.9353 | 2,4117 | 3.0054 | 3,7453| 4.6673 | 5.8164
05 | 1.6289 | 2,0789 | 2.6533 | 3.386k | 4.3219| 5.5160 | 7.0400
055 11,7081 | 2,2325 | 2,9198 | 3.8134 | 4.9839| 6.5138: 8,5133
06 11,7908 | 2,3966 | 3.,2071 | 4.2919 | 5.7435| 7.6861 |10.2857
065 |1.8771 | 2,5718 | 3,5236 | 4.8277 | 6.6144| 9.0623 |12,4161
07 19672 | 2,7590 | 3.8697 | 5.4274 | 7.6123 | 10,6766 |14.9745
075 [2,0610 | 2,9589 | 4.2479 | 6.0983 | 8,7550 | 12,5689 | 18,0442
08 {2,1589 | 3.1722 | 4,6610 | 6.8485 [10.0627 | 14.7853 |21.,7245

For example, suppose e o 20, £ 50, h x 5, and %% s »025, then :
E' # EH/l = 1.,6386 x 1.1314 = 1.8539, which is the value at n = 25.Hence
fiw 205

If r » .02, then referring to the table given in App.I :

£ = .072 & M= o282

The advantage is increased four times due to the allowance of a free
five years before repayment. However, we have to remember that this advan-
tage takes place in year 25 and not 26. What should be compared with ﬂtis
€H , and not €., This gives (from Table II), ,072 x 1,1314 o .081,
instead of .072,

If h = 10,

m = 1:6386X( 1.2801 - 1.0000 ) m 459 hence for r = .0,

[t = = .07, compared with £H 5 ~.506 x 1.2801 & = .648. According to
i

(65) the difference fr= € =1 han .06x10 = + .600; which is in fact equal



g
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50 flm E Hoag = 047 = ( =.648 ) 5 601, Finally suppose that h= 10, but
f = 5. Then E' = 1.6386 x 1,2801 = 1,8539; which could have been calcu-
: 1.131k :
lated directly as N for ng 20 + 10 - 5 = 25, Hence m = .215. For r g .06,
: : /
the value of W is = .291, This has to be compared with the value of &
calculated as before, but corrected forithe existence of g5, §%=EH +

( ER - EH ); the correction being calculated according to the formula for m
with the period of repayment g ( e+ h ), the repayment lag o O, and the
gestation period = f, Hence &’3 ~ 648 4 ( 1.8539 = 2,0976 ) = ~ .892,

The difference M = Ef is again to be approximately equal to rh.

It might be noticed that while h postpoﬁes the date at which repay-
ment is concluded, it causes a drop in the lossj while an equivalent pro-

longation of the repayment period only magnifies the loss.
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