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/ Le but de cette étude est d'établir un modble permettant aux
autiorités de certains pays en vole dé développement de déterminer le
nijeau optimum de réserves de devises que dolvent conserver les

in. titutions officlelles. Cftte analyse s'adresse aux pays dont la
croissance est freinée par une 1x{suffisanqe de ressources extérieures.
Les réserves de devises étant une ressource extérieure potentiellet 11

découle que, lorsque la disponibilité de ces. ressources extérieures

)
réserves affectera ce taux. \
\ v .
Le modele est établi % partir d'une infrastructure conceptuelle

limhi;e le taux de développement, la politique adoptée i l'égard des

.

existante: le niveau optimunm des réserves dépend\\ciu degré dé sécurité
: \

présenté par les niveaux respectifs des différents!fonds de r‘éser‘ve, et

?

o~

d? la co Qaraison des dépenses encourues respectivéament I;ar les ajuste- & -
ments de la:balance des palements et par l'entretien des fonds de rése.zd"fé.bﬁ
L'infrastricture théorique existante est ajustée & la lumidre d'une é"*
explication ‘économique (et non puresnent statistique) des phénomenes de i

régression utilisés pour estimer le degré de sécurité, Cotte caractéristique

ét4b11t une relation entre la projection des réserves et, d'une part les

‘politiqiues monétaires et fiscales, d'autre part les perturbations ayant

. une cause extérieure,

Le colit de 1'ajustement et des fonds de réserve est mesuré d'une
fagon nouveélle. Celle-ci découle du lien €tabli entre crolssance st
ressources extérieures. Contrairement aux méthodes utilisées dans les

ouvrages antérieurs, les profits et pertes encourus au sujet des fonds

C . o
de réserve sont mesurés en termes de croissance potentielle non réalisée.

|
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Blen qu'on ait vu récemment un granci nombre d'études des réserves
de devises, rares sont celles qui fournissent une méthode permettant

+

de déterminer le niveau optimum de ces réserves pour un pays donné, &
4

une date déterminde,

Notre modtle permet dﬂ'effectuer ce calcul de la fagon-suivante: \
Prenons comme exemple la banque centrale de IlafJa.malque.
,

des valeurs du manque de croissanc‘e {croissance potentielle non

réalisée penda.r;t une périqde de ‘pla.nifica’tion dqnné;e).

20 Nous établissons ensuite un baréme semblable pour le coiit

des ajustements de la balanpe des palements rendus nécessaires“
Par un déséquilibre extérieur temporaire en l'absence de réserves.
3° Nous choi#issons notre période de projection. Nous tiendrons
conpte. de notre connalssance ’de§ valeurs prévues pour le revenu

4

national, la dépense publigue, les fluctuations de capitaux
" importés et exportés, afin de déterminer d'une part les niveau;c
de r‘e'serw\le p;ssibles 3 la fiﬁ\\d&}g péri"ode envisagée, et d'autre
part le quotient de probabilité assééié\a\phaque niveau,

Ces niveat;x de“ réserve assortis de leur quot\i\en{ \de probabilité
respectifs seront ensuite introduits dans 1'.éq1:z;tion de calcul des
dépenses. Le niveau de réserve correspondant 4 la projectioﬁ"de dépenses
la plus ’t;asse, sera notre niveau optimum.

Dans uneN épreuve empiriciue pour la Jamalque, le' modele se montre
valable, et 11 a donné des :E'ésultats admissibles. ‘Il fait penser,
cependant, qué les authorités ja;naicalnnes poursulvirent des politiques

de réserve plhtét: conservatrices, en protégeant des niveaux de Yéserve

qui étaient un peu plus hauts que notre optimum estimd.

&

10 Nous établissons pour chaque niveau de réserve, un ba.{'éme\(“‘\

\\‘&
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ABSTRACT « / ‘

N

- The objective of th/i/s study is to construct a model which can be

used by the authorities of certain developing countries to determine the

\ ',
optimal level of foreign exchange reserves to be held by official institutions.
We are concerned with countries where growth is constrained by a scarcity

of foreign resources. Foreign exchange reserves are a potential foreigf

resource and therefore reserve policy will affect growth possibilities if
foreign resource availabili‘léy imposés a limit on the rate of growth.

The ‘model is based on an existing concéptual framework : optimal

reserves depend on the degree of security affordéd by each reserve level.

gmd on the compérative costs of balance-r of payments adjustment and of reserve

¥

stocks. The existing thepretical frame is extended by providing an economic

i
\

explanation (\as opposed to a purely statistical one) for thé rengrgss%on
which is used \to f:alculate the degree of security. This feature links theev
deFefmination of reserve ta;*gets to monetary and fiscal policies and to
externally in?;ced disturbances.

“ . 4
New meaqﬁ‘&s of the costs of adjustment and of reser've stocks are

These derived from the link between gr*owfh and foreign resources.
In contrast to previous work, the costs and benefits of reserves are.
[

measured in terms of potential growth foregone.

&

Although there have been many recent studies of foreign exchange
reserves, there have:been few which provide a method of determining the

optlmum level of reserves for a glven country at a particular time. Th%s

+

Assume we are the foreign

3

can be achieved with our model as follows.

exchange authority of Jamaica. First, we construct a schedule of the

opportunity cost (i.e. the growth rate 'foregone over a chosen planning -
“

period) of each reserve level; second, we construct a similar schedule for

the costs of balance of payments adjustment policies which must be employed

Yo
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if there is short-run external disequilibrium and no available reserves.

n'l'hit'd, we fix the forecast period over which our reserve level’ is to be

projected; we use our knowledge of desired levels of money sppplies,
government expenditure, capital inflows and exports to determine the .

possible levels of reserves at the end of the forecast period, and the

2

ﬁrobability associated with each ,level: These reserve levels, each weighted -
by its own ‘probability, are substituted into the cost equation. The
J ¥ f ~ “

optimum reserve level corresponds to the minimum sum of these expected

\

COS'CS . \' © ,4""&"' 3y

In an empirical test for Jamaica the model is shown to be feasible

b

and to yield reasonable 5esu1ts. It does suggest, howevenr, that the

Jamaican authorities pursued rather conservative reserve policies, acting

14

to protect reserve levels which were somewhat higher than our caleculated

op timum,

-
4
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* and the Central Bank of Barbados. I owe a great debt to my colleagues
‘at both institutions for their encouragement, assistance and critical
comment on my ideas as they developed, 1 wish to acknowledge' financlal
assistance of the Institute .and leave allowance from the Bank; both have
proved essential to the completion of the work. I h;ve received gene:r."ous
secretarial arj statistical assi;sta.nce; here 1 must express specié.l

appreciation lor“the efforts of Rosalind Alleyne and Julla Cutting in
7 -

.I;reparing the/ completed draft. )

I have /also been helped by the Centre for Developing Area Studtes of ‘
McG1i11 Unive/rsity, the Reglonal Programme of Monetary Studies of the
Caribbean Economic Community and the Bank of .—Iamaica.. The Centre provided
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a forum for the presentation of some of the ideas contained in this thesis;

the Bank provided data and fruitful criticism at all stages in the develop-
|

ment of the project. ’ . .

]

%

The assistance of one's ihesls supervisors is of course taken for
rgranted. However, ;ln one .small but important respect my supervlsors should
be specialiy comnended. They recognised the impérta.nce of the occasional
small word of encouragement which in no way bdlunts the force of criticism
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Joyce Belgrave and to my friend and host in Montreal, Owen Johnson.
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A preface of acknowledgements such as this is always incomplete.
If one had the time and liberty to‘trace carefully all one"s sources of
inspiration and support, the history of the development of the project
would go back a long way., But there are, after all, other times and
' occasions to acknowledge the debts which it would be inappropriate to
express here. Let me merely say to those whose affection and confidence -
in me have helped tg sustain the work that they are alwags in my mind.

The theory of foreign exchange reserves continues to excite a
greaf}deal of interest among economists, and a number of new contributions
have come to my attention since the thesls was completed. These include

an unpubdlished paper by R.VW. 'I‘hompson1 and articles by Makinz, ClaasenB,

5

Agarwalu, Perelra-Leite” and Baltenspergeré.
‘Thompson discusses optimal reserves when a particular domestic
stabilisation policy is specified beforehand. In our model domestic

- adjustment policips are not specified, so this represents a possible

I

1) v

! )
1R W.Thompson, "The Optimum Level of Reserves for an Individual Country:
the Canadlan Case", Working Paper, Department of Economics, McMaster
University, July 1974, -

2.1, Makin, "Exchange Rate Flexibility and the Demand for Foreign
Exchange Reserves", Weltwirtschaftliches Archiv 1974 (2), pp. 229- 2’+2

3E -M.Claasen, "The Optimising Approach to the Demand for International
Reserves", Weltwirt. Arch, 1974 (3), pp, 353 - 397.

b’S. Pereira-Lelte, "Optimal Monetary Reserves for Developing Countries
" (note), Weltwirt, Arch. 1974 (2), pp. 344-8.

5 3.p. Agarwal, _i_q_éI_n_ (reply), pp. 349 - 351.

6 E. Baltensperger,. "The Precautionary Demand for Reserves", American

Economic Review, March 1974, pp. 205 - 210, 1
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extenslon of our efforts. Claasen introduces the possibility of dis-
continuous ad justment - a po&sibility mentioned but not developed in our
Chapter Bight. I:la.kin introduces exchange rate flexibility and demonstrates
that greater flexibility reduces the variance of reserves. Agarwal and
Pereire-~Leite have an exchange over the importance of holding re;erves
as an inducemenft_. to foreign investment, wlith Agarwal taking the view
that it is overall economic_ pgrformaﬁce which attracts forelgn investment,
rather than reserves as-sucl(. Baltensperger jntroduces the cost of acquiring
informatlion in order to prediect reserve mové;nents more accuratély as a
factor in the optimisation of reserve levels.

Bach of these articles makes a contribution to the development of

a more comprehensive and realistic model of reserve optimisation. They

do not, however, contain anything which calls for a revision of the nodel

ve have advanced.
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The intention of this study is to devise and test a method of calculating

the optimal level of foreign exchange reserves in a particular category of

developing countries. This category consists of countries with a fixed -

exchange rate whoge development is constrained by the scarcity of foreign

resources. The method requires that the competent authority ih any given
’ A
country stipulate a normal period for projecting reserve requirements (say six

months) and the period of the current economic development plan (say five years) .

Using this and éther infomat.}on derived from the structure and recent

N . performance of the economy, the model presented in this study can be used to
determine the level of serves: which is optimal for the country. This |
exercis;e is performed for the Jamaican economy as a means of demonstrating the

feasibility, scope and_ limitations-of the model.

This thesis derives its inspiration from the recent considerable interest

in the question.of intermational liquidity. There has been much discussion

= "

and research into the adequacy of international liquidity - and, more recently,

its abundance - as well as the composition of the supply of liquidity. While

a great deal of this debate has focussed on the global issues .- regarding the

world as a whole - there has been a great deal of interest in the liquidity of .

N Q)
individual countries as well. These two aspects are clearly related very closely

to each other, for the reserve requirement of each country will, together with'
. trade, exchange rate, monetary and fiscal policies, help to determine the

adequacy of world liquidity.

In this study the question is viewed from the single-country as.pect.

Insofar as reserve re:quirements as derived from our model \dif'fev from those

obtained from alternative rules, the results will have implications for the

-

. global analysis, but this is a matter for future exploration. Also,’ the study

<
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deals with a fixed exchange rate, whereas floating rates are an option which
has to be taken into account in the glebal analysis. Although we do not
investigate floating rates at length, we ag‘gﬁe that there is ‘no reason why

b
the principles on which.we compute optimum reservés would be rendered

invalid by floating rates, (Howewer, if floating were a recent experience it

would be some time before the empirical requirements of the model could be

¢

satisfied). .

G

N N\
The reason we make a distinction between countries where the availability

of foreign resources is a growth const%ain_t and countries where this is not

the case, is that -foreign exdhange reserves may be considered a potential

for;eign resourc¥, Since, rather thar hQld foreign financial assets,’ the
country may choose to ac‘:quiz:e additional goods and services from abroad, the
holding of reserves has implications for the rate of growth. In the chos;n
class of countries-, there fore, the costs and benefits of holding reserves

will have significant funétional relationships to the growth rate. This has
not been the measure usually en;ployed; and our argument is that other measures -
are- less appropriate to the special case we are considering. Different '
measuring rods will lead to different results, and reserve requirements derived
l:;y other methods would be non-optimal in the sense that th;y would not secure

the greatest possible rate of grcgvth for the country. If maximising growth is
' : ) 1

the principal economic objective (we do not argue that it should be, but rather

infer that it is) then dalternative measures of cost benefit are less appropriate.

In the Commonwealth Caribbean, foreign exchange reserves have received

much -attention, beginning in the 1950's with the debate on the Currency Board

system. The Currency Board is still in operation (in modified form) in uthé.
smaller territories of the Eastern Caribbean, though it has now been replaced

by Central Banks in.Jamaica, Trinidad and Tob:ago, Guyana and (most recently)

'




;' . | ' ' Barbr‘ados'.

The various Currency Boards were responsible for the issue of currency in
the colonies of the British empire. They operated within very narrow limits,
. -and oné of the stipulations was that domestic currency could only be issued if’

there were sterling assets of an equlvale{:t amount in the Board's portfolio, -

This 100 percent reserve system came undex*\beavy attack from economlstsl who

\
felt thi:here .was no economic justification for holding such large stocks of

foreign assets in economies critically short of fo i\gn assets. The debate on

~

appropriate levels of reserves has continued into-the Cen\tral‘\Banking era in
N \

.
the Caribbean. It has been argued that conservative Central Banking pal'cy\has

perpetuated the Currency Board practice of holding reserves larger than strict \
. T ) s

s
/

economic rationale would dlctate.
The present study is a child of this debate. On t'he one hand it provides
) conceptually, a m‘eans of measuring the sacrlflcg economies which are short o
foreign resources must make in order to hold reserves. On the other hand iti
shows how variolxs levels of fbréign reserve holdings are justified as a

precaution against fluctuations in foreign exchange receipts.

" The Back&i\ound: Summary of Important Developments in Reserve Theory.

The area of foreign exchange reserves has, 'in recent yearé , been one of

the most heavily researched by economists both at\the practical‘and théoretical‘

" levels. This is understandable in the light of éum;eﬁt concern over the ;
international paymehts system: A number of insights have evolved from the

activity of economists in this field, and these are incorporated in our approach

1 See C.Y.Thomas, Monetary and Financial Arrangements in a-Dependent Monetary

Economy, p.21, whére a list of the early protagonists is given;. also Wendell
McClean, Monéy and Banking in the East Caribbean Currency Authority Area, pp. 34-35.

g e T
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to the question of desirable levels of foreign exchange holdings. In what

“follows we give a brief outline of the most important ways in which our study
shows its debt to recent exploratiohs in foreign exchange theory.

Firstly, the notion that reserves should be related solely or principally 1
to the level of imports has been severely criticised. The notion still retains
some currency with the intermational financial instit‘utions and central
bankers, b\;t it is discredited by most othe{rs?. Esséntially the argument is
‘that it is the variability of net foreign exchange transactions, and not the
level of foreign payments, which is the important determinant of feserves.
Reserves are, after all, not used to buy imports. In an equilibrium situation,
on the contrary, imports are paid for out of foreign exchange earnings, with
no change in reserves. Reserves are ileld against the possibility of a
(reversible) deficit in foreign exchange earnings, and are tlluerefore properly
a function of the occurrence of such deficits, i.e. .the variability of foreign
exchange earnings relative to foreign exchange expenéiture. This is the

approach taken in our model, and it is developed in some detail later.

Our approach also oweés a debt to the cost-benefit analysis of reserve .

-holdings which has characterised many recent studies. There is a cost of

holding‘ a reserve stock, which in other cases is teken as an income sacrifice, g
. )

and in our case is taken to be a growth sacrifice; and there is a benefit of
reserve holding, in that the country may thereby avoid the costs of income .
variability <;r-, in our case, the distortiohs and disruptions which are a
consequence of adjustments forced on the country by reserve exhaustion.

Our analysis follows the trend towards the use of statistical method in
the description and'prediction of reserve levels an;i variability. Since

reserves are in the nature of a contingency fund, it follows that they should

be related to developments which are e_xpecte'd to occur over the future time

period fo_r which reserves are to provide cﬁver. A regression model with

- e e e ——— e r——— -
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predictive powers is a standard means by which we may arrive at expected

values of such a variable, together with probability associated with other

values in the region of the expected value.
k
z o .
Reserve management has to be"seen in the context of a range of other
policy tools which may be used for short-term balance of payments accommodation.

i

Some recent models have approached the question from t?e point of view of an
\thimal choice of policy instruments. Wejhave est¢hewed this approach, mainly
2xbécguse of the high degree of abstraction 'required. We have, in the formal
sta&ement of the model, followed the more icommon practice of comparing reserve
adjustment with'onlf one a%ﬁernati;e, that|is internal adjustment by way of
income and expenditure. However, we discuss at some length how the effects of
glternative policies may be incorporated in! any practical exercise aimed at

establishing the desirable levels of foreign exchange reserves.

These advances in the theory of exchange reserves should help to elucidate

historical patterns of reserve changes, but, pérhaps\more importantly, they
should provide the basis for more rational reserve-ﬁanagement..alt issnecessary
to warn, however, that there remain serious areas of difficulty. Existing
statistical theory leaves grave weakness in all the predictive models available
(including our ownj and the theory of the determinants of reserve changes is S
still badly ﬁnderdgveloped. In spite of these deficiencies, we trust that the
current exercise does make a meaningful cogtribution to the goal of ratioﬂal
reserve management, and that this will becoine evident when the ideas which

have only briefly been introduced so far are elaborated in later chapters.

Introduction to the Model

The ne;d for foreign exchange in a "developing" country is widely
. accepted and fairly well understood. Development typically requirgs substantial\\
‘hnputs of foreign resources at some stage, and it is therefore necessary to
generate earnings of foreign currency with which to procure these inputs.

: The neéd for foreign exchange reserves is a slightly different matter.
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This is foreign exchange which is not to be spent to satisfy current forﬁ
[ resource needs. It consists of foreign currencies, securities: of foreign

institutions (public and private), gold, subscriptions to the.Intef-national

Monetary Fund and allocations from the IMF which form a kind of inventory of

foreign exchange. Why hold this fund of foreign ‘exchange in reserve?

) N It cannot be simply that there is no other use for the fund. Clearly it

-

could be used to buy machinery, fert}liser, exl;ertisé, fuels, ete., fi‘om

abroad. These are urgently needed’ items. If reserves were used judiciously

T - w
___be speeded up.

C I ottty

» : : :
% _ _.to-acguire such items, the rate of development in the country coulg?undoubtedly
)

to hold funds in reserve? Simply because the monetary and exchange authorities

anticipate that there will be times, when, for some limited period, the

S

— 77" country will be unable to cover its "normal" foreign exchange requirements.

= "“Wﬁgézmzl;ipioyed to tide over this period.

It would be irrational, nonetheless, to make the sacrifice involved in
holding reserves if the failure to meet "normal excha‘:ige needs were' a matter
of little consequence. Similarly, holdifxg réserves would be _unjustifiéc{ 1f

other means ¢ould be found to correct the situation without incurring a

— N

3

sacrifice of growth potential,.

The study therefore hangs essentially around these threﬁgzgakgtonsr:/ﬂ;’hé/

. -c6st of holding. foreign exchange @&serVés/,/tEE/c;nsequeﬁces of not holding

I

T //lf;rgféxl exchange reserves (when there are no alternative measures) and the
availability and cost of alternative measures.,

Let us assume a-position of (dynamic) equilibrium on the foreign exchanges.

__ --"That is to say, earnings of foreign exchange each ﬁear' are sufficient to pay
! . for the foreign resources requiréd for that year. How do we go about deciding

how much foreign exchange should be held in reserve?

Why should the possibility of accelérated development be sacrificed soas

-~
v

13
fAa. -
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The first thing to decide is what are the possibilities that the country

will be faced with a temporary‘foréign exchangévcrisis. Evidently if there

L =
is little or no risk of'such & contingency, few reserves are needed; and

RS

conversely, high risk wiil‘ind%ggfe a need for substantial reseqvesl

This question of estimatfng risks is difficult and to some extent
intractable. We cannot really predict with any accuracy when export prices
will take a dip, when natural calamities will strike and when policies of
fe¥eign governments and institutions will put export earnings in jeopardy.

And yet it is factors such as these which will reduce the -Gapacity to import

Ll

from its target level.

The major section of the study deals with this problem of prediction.

What may be said at this point is that the reserves are not a cover for any

' ! n

and all crises in the bhalance of payments. If the inability to import derives
from some basic cause which is expected to persist, then the use of reserves
is clearly inappropriate; for,-in that case, the reserye stock would be

1

exhausted and still the country would be faced with the problem of a gap

- between its foreign exchange earnings and foreign exchange requirements,

Therefore, we will not try to anticipate what economists usually refer to as
L

"fundamental" disequi}ébpia. Reserve manaéement cannot alleviate such

imbalances; pg;erﬁgg‘are directed towards short-term accommodation. In

assessing ; desirable level of reserves, therefore, we are concerned with the

likelihood of short-run disturbances only.

The probability of short-run balance 6f payments disturbances is
determined from the pattern of pést transactions. These transactions are in
turn measured by movements in foreign exchange reserves. The movement in
foéeign exchange reserves presents a mirror image of the net transactions
balance, by virtue of the balance of payments accounting identity. Thus, in

order to derive the probable movement of net foreign transactions in’

-
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forthcoming time periods we propose to extrapolate from.recent trends in
reserve movements, constructing an interval estimate for the expected value
of reserves at the target date by means of standard statistical techniques.

What we suggest is that policy makers should use certain economic

¥

indicators to predict the probable movements of net foreign exchangé reserves.

A priori we believe that the following economic variables are important in
explaining whether net earn}ngs of foreign exchange are positive, zéro (the
"eéuilibrium" case), or negative: the money supply, net inflows of foreign
capital,’government expenditures and export earnings. We try to establish
the empirical links between these independent variables and-;he dependent
variable, reserves. So that if we know'of can reasonably ﬁredict the values
o . A

of these variables, we can then calculate a value for ne; foreign exchange
reserves,

As is usual with predictions,.we will not be able té say with certainty
that reserves will attain a particular value. Rather we wish to assign a
probability weight to each possible value of reserves at the ta;get date. We
go on to argue that each level of reserves wiil incur a certain cost which is
proportional to that level. The probabilities above are used to weight the,
cost éf each level of reserves in accordance with the likelihood that this .
amount of reserves will be required to make up the foreign exchange |
deficiency. The logic of this formulation is that the authorities will wish
to hold only such reserves as are necéssary to meet the expected deficit,
since excess reserves are not costless. If theré is only a small prdbability

that a certain level of reserves wiil be needed, then the authorities will be

reluctant to undertake the cost of reserve holdings. Conversely, if the

pgobability is strong, there will be greater incentive to hold reserves at the

required levels, because, as we shall see, there is also a cost'fo-resqfve

exhaustion.

v ub
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The level of risk to be undertaken will be governed by the remaining,
factors to be analysed: the comparative cost of exchange instability and
reserve holding, and the availability and cosf of alternative measures.

Neglecting for the moment the use of alternative policies, let us compare
thé consequences of not holding reserves with the costs of reserve holding.

We demonstrate how, in theory, both altermatives can be measured in terms of
potential growth sacrificed. In the case of reserve holding, under certain
restrictions, we can make a direct link between growth rates and foreign

exchange needs. For instance, we know that there is an excess demand for

food, hence some food must be imported; a certain rate of industrial expansion

will require intermediate and capital iméorts of a given amount; and so on.
By aggregating the industrial and basic consumption requirements we can
estimate foreign resource needs, under stated assumptions about domestic
supply conditions. From this we can infer the growth sacrifice required to
immobilise resources in a foreign exchange reserve fund.

Measuring the cost of not holding reserves is more difficult., If
external equilibrium is maintained, then there is no cost whatever. However,
if a country does face disequilibrium, then it wilf)have to resort to measureé
which wi}l force it to 'live within its means'. These measures, ;t is
argued, will reduce growth potential. For example, it may be necessary to
postpone the purchase of expensivé but necessary-transport equipment, fuels
aAd so f&rth. If such measures are widespread, it is reasonable to presume
that éhe rate of growth will be affected. What is more, the expectations of
private local and foreign decision makers may be adversely affected as well.
People may begin to lose confidence in the economy, capital inflows wil}
drop, and investment activity in general will decline. This will, of course,
reinforce the fall in the rate of growth. The conclusion is therefore drawn

‘

that the cost of not holding reserves is, if there 1is avdiseqhilibrium, a
it . . .

¥
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sacrifice of potential growth.

-

" ‘The argument peeds to be"'ipég‘l@fied because of the following factors:
* Q!r:{ni" ' i

. \ e o M . .
(a) it depends on the assumption that no alternative means of insulating

. ‘i3
the economy against temporary disequilibria exist.. This Is clearly an
R
unrealistic assumption. Loans, lines of credit, stand-by.and other arrange-

ments for deferring' payments are standard means, readily available, for

meeting temporary disequilibria;

(b) it assumes that, shortages of foreign exchange will affect all
in;ports equally; or altermatively, that all imports are important to the ¢
growth process. In fact,lon'e can establi‘sh a hierarchy of imports, starting
with those which are most essential to the growth process and ending wi.th
"luxury" items. Shortages of foreign exchange can then be regulated so as to
impinge first Aon the last-mentioned items, moving gradually back along the
scale as the squeeze becomes tighter. With respect to short-run diseqﬁilibria,

it is in the naturé of this case that we should rarely~have to move very far
- -

back along the continuum;

(c) the argument, though valid, may have erﬁgfr;:'ica"l significance only in
the case of large and pefsistent disequilibria. In such ‘casnes, as we hé\}e
earlier pointed out, foreign exchange reserves are not the appropriate
corrective. Other instruments of planning and policy are required.to deal with
this entirely differen‘ca(and dgcidedly more important) question.

To return to the méin outline of the discussion, we now have a link
between reserve holdings and the growth rate, and a second link between zero

-

reserve holdings and the growth rate. The former sacrifice is incurred with

.

certainty; that is to say, whenever we hold reserves, we incur the cost. The latter

Lo
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sacrifice is incurred in different measure wui'th different probability; that
is to say, there is certain probability that net exchange earnings w'ill‘be
either positive or negative close to ze;‘o, so that no cost is incurred. But
larger shortfalls in net earnings, associated with other probabilities, will
Ki

incur positive costs of growth sacrifice. ‘

The policy maker must choose a level of reserves which v(lill minimise
the expected growth sacrifice by manipulating the level of reserves and-the
level of risk. Before making his choice, however, he must consider the

a%ternatives for accommodating balance of payments disequilibria. The use

of such alternatives may substantially reduce or eliminate the risk of

instability leading to growth sacrifice, even if we have no foreign exchange
reserves. In such a case, the need for foreign exchange reserves may be reduced
to near-zero. However, this is the case only if the alternatives are them-
selves costless, which typisally they are not. A third cost element, the cost

. . \
of alternative policies must therefore be intmduceé. ’

What can w(e do to prevent instability if we find ourselves temporarily
short of foreign exchange? We can appeal to overseas suppliers to extend
lines of credit, we can borrow short-term funds abméd-, we can ration the
exchangé we do have, we can sell foreign exchange at rates wkzich ;iiscriminate
against ‘certain ty'pes of foreign transactions, we can restrict imports by ban,.
tariff or quota, we can reduce the domestic money supply, or'we can combine
any or ail of these policies.

Costing these alternatives in terms of the growth rate is quite evidentl
going to be a.very complicated business. We can mention some fact?r‘s which’
contribute to the complexity. One is: ;he problem of deciding an the best mix
of all these alternatives. A second is that some possibilities may not .
always be open (short-term loans, for example) and some alternatives are not

~

practical (some kinds of rationing may be beyond the administrative capacity

R
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of the authorities to enforce). Thirdly, some alternatives may be available

only on a restricted basis.* Restrictions may, in the case of some loans,

¥

' come in the form of specified policy measures.to be taken; in other cases,

):redit' may be available from some suppliers and not from others. A fourth

consideration is that the nature of the balance of payments disturbance may
rule out some alternativesq. An example would be speculative outflows -of

capital; import restrictions are probably an inappropriate corrective measure.

Although it will not:be possi'blé to develop rigorously a minimum- (

. . .

cost policy package, we can be sure that what we may call the "passive" policy
L3

of non-infervention represents the maximum cost alternative to holding

reserves. It will usually be possiBle, by judicious use of alternative policies,

« to rqduce'the growth sacrifice implicit in the "passive" policy; if we .neglect

&

‘ the possibility of inappropriate policy, we need never increase the growth

cost. Analysis which compares foreign exchange reserves with zero reserve

o« policy- and no corrective measures will typically o tate the neeg for

i

S \ N\ )
- - -,
-

‘ Briefly, then, our appreoach to rationalising holdings of foreign exchange

' reserves.

is as follows. P)zr”st vwe ask what is the-growth sacrificed holding reserves,

¢

. "1" . ‘ - . .
and we measure this by estimating the foreign resources needed for any rate

of growth. Then we estimate the growth sacrifice consequent on a zero-reserve

\

holding, "passive" policy, analysing the argulilents for ihduced ins;tability,

induced allocgtive inefficienty and loss of confidence as factors reducing
At7 L - ’

growth. Weighting these costs at each resefve level by the appropriate proba-

.
»

. \ a
bility and, cqmpgring, we can arrive at a minimum-cost level of reserve holding.

. Finally, we ekamine the alternatives whi’ch' might coi;s;itute an "active“' z;zr'q—
reserve policy to see how the growt-h saocrifice of the "passive" policy might

be reduced. We ;hould thereby be a;ble to evolve éuidlines towards a realistic

. policy of foreign exchange holdings. - ] — co . '. L )

- .
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. . A_ 'Guided Tour' of the Study.
‘\ The remainder of Chapter One is devoted to definitional questions.

Chapter Two gives a brief word-picture of the Jamaican econofy and Tecent

- /
developments; it is intended mainly to gi};ﬁ/baekgﬁnd information for readers

“ = < v ' .
unfamiliar with the ecorlqmy//’f“f/dcfs} not advance the argument as such. _In- ~

3 Chapter _Three we present a critical review of previous studies of the theory

3 —_

of optimum foreign exchange reserves.

Discussion of the model‘ is, resumed in Chapter Four, where all the pieces
| T
are fitted together in an qutl:me of the oVerall fomulatz.on. This outline

is fleshed out in Chapters F:L)e and Six whlch deal respectively wrth the

detemination of rigsk and the measurement of the costs associated with
P

v varitus levels of reserves and other means of acéomod%“cing foreign payments
. disturbances. R
s . ' - .
4 Chapter Seven provides the test of the preceding three chapters. In it

the model is ‘quantified by (a) calculating the degree of risk, (b) drawing up
schedules of costs and (c) bringing these elements together in a single
equation which expresses the expected cost of every level of reserves as a

s+ Ffunction ¢f the rate of grgyth of the economy., This equation is graphed

and its minimum point determined; that point is defined to be the optimal

3

"level of reserves.

Chapter Eight deals wit:h‘eitensions, modifi/cations and’ reflef:tions on
the model, its assumptions and the results obtained. Chapter Nine contains a
brief recapitulation and assessment of the usefulness of the exercise.

Vocabulary of For-elgp_Exchange Analzs:.s

YA

Throughout the study we will encounter a variety of tem},s such as

'balance of payments defxczt' , 'net foreign exchange eamings', etc.  Much

confusion ‘can arise when such terms are used amﬁigupusly; to avoid this we

will explain the use of our terminology at this point,

2




The Balance of Payments

. We should mention, by way of introduction, that there is still no generally
accepted definition of what represents a balance in international payments.
7Mach1upl‘°has shown that vamatlons-n;_ the definition-of the U.S. balance of
payments can convert large surpluses into deficits. Definitional problems
of the same order do not arise in Jamaica; for one thing, there is a small
% variety of transactions, particularly on capital account; and the U.S. '

¢

situation is complicated by the fact that the U.S. dollar is a "reserve"
cu;*r'ency.\

e ! We should nevertheless anticipate some problems in the definition of

the bi;lggnce of payments in Jamaica. Such a problem is the wvaluation of exports.
In 1970, it was agreed between the government of Jamaica and the bauxite
companies that exports of the bauxite industry s};o;ld be revalu;ed. Price

rises of 92 percent (bauxite) and 36 percent (alumina) were agreed on,
retroactive ’to 1966. Appropriate adjustment in the balance of investment
income and reserves (as a result of retroactive tax payments) would ensure

that the balance remained unchangedz, but the level of foreign transactions

recorded would have increased. A

—
v

1 Fritz 'Machlup, "The Mysterious Numbers Game of Balance of Payments Statistiecs",
in Internationhal Payments, Debts and Gold, N.Y., Sgribners, 1964,
,2 The revaluation would affect dhly‘ government revenues from the bauxite -industry.
when these payments are made, the reserves of the Bank of Jamaica rise (at least
temporarily). In making up the balance of payments accounts, we have two
choices. The additional foreign exchange may be pro-rated for each of the years
. affected. In this case, once we include an additional sum of investment income
accru:mg abroad on the bauxite industry account, we should get back to the
: pre-revaluation balance. This is the assumption made in the text. If we were
’ to adopt the alternative of recording the full amount of tax payments in the
year of revaluation, then there would be a difference between the pre- and post-
revaluation balance for 1966 through 1969. But this could in any case be
. accommodated by including a special item in the accounts for each year.

-
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A second problem which has direct ‘bearing on our analysis is' the freat—
ment of speculative capital flows. 'I:ﬁere are, from time to time, indicatigné
that significant flows of speculative capital are taki:hg place. Consider
the following data on 'unidentified net capital movements' extract d from a

Bank of Jamaica publicationt, . /

. \ /
1964 1965 1966 1967 1968 -1969 1970 1971/ 1972

$Jmn ., 3.5 -4.4 -y4.,8 -18,3 -3.5 -8.8 ~5.4

“ ‘l .
Jamaican dollar. This certainly raises the question of specylative capital .

movements hidden in the unusually large negative balarnce of 'unidentified'

capital movements.
A

The question which now arises is, how much error, if any, is

1

introduced in the analysis by the presence ‘of this speculative element of
capital flows. We argue that for the purposes of the present analysis, the
inclusion of spec‘u_lative movements 'above the line' is desirable. It would
seem that specula:tive capital movements “are 1eéitimately netted out when /
dealing with medium and long-term movements in the foreign excha;xge balance.
However, in our case, foreig‘ﬁ exchange balances are being used to heip

anticipate short-run movements in the foreign exchanges. Insofar/vas speculation
/

is an important cadse of such movements, its effect should be }Acdrpbrated. -

Bearing these qualifications in mind, we accept the/balance of
» / .

%
payments definition used by the Bank of Jamaica. 'Balance'/means that there

are no changes in fomi@ exchange reserves. All other items in the foreign ,
. »

transactions account are considered autonomous and are placed 'above the line',

1 Research Department, Banmk of Jamaica, Balance of Payments of Jamaica,
'1964-70; 1972. ~
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in accepted balance of payments terminology. This is copsistent with the

v

argument that speculative capital flows should be tréated as cause rather than
R . . . i R .

.
\y

effect of balance of payments fluctuations, but it fails to make any

accommodation on the question of export valuation. TFurther data refinement is

required before we can deal with this iAslsug.. .
Equilibrium

Next we tackle the problem of defining e.guilibrium. The conqeptL
whi'ch seems most”relevapx _t—o the Jamaican experience is a 'dynamic, progra;mng'.ng
equilibrium’'. By eéuilibri.um we mean a situation in whi?h earnings ‘of “foreign

exchange are sufficient to cover commitments in foreign exchange for the given
' 2

accounting period. By dynamic we mean that the levels of foreign exchange
earning and spending are not expected to be the same from period to pericd.

And by 'programming' we mean that the equilibrium is to be calculated on the

-

basis of sources and uses of foreign exchange deri from a stated development

progr'ammel .

We face some difficulties when we try to put these definitions into.
operation. One sucf} difficulty is the choice of acco‘unt‘}mg period, Suppose
we look at annual data. ;le may f£ind balance in the accounts in each s}lccessiye
year - an "equilibrium" situation. The same data may yie'ld coqtiﬁuous
"disequilibrium" if our accounting period is one month, however 6 We shall,.

in fact, be using monthly series, but our analysis will be based on projections

six months ahead. In terms of our definition, t’her), our accounting period is

g

1 gee Machlup, "Three Concepts of the Balance of Payments' in Internmational
Payments, Debts and 6old. The terms 'accounting', 'programming' balance are
,borrowed from this article. )

:,
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six monthsl., 1f the cumulative monthly deficits and surpluses sum to zero,

over each half-year, then we have "equilibrium".

*
v

We do not attempt the calculus from which sources and uses of

o ~ N . .
f‘ép'e‘f,gx exchange could be derived.  Strictly speaking, therefore, our analysis

W

does not conform to the definition of 'programming' balance, unless the .
indicators which we do employ2 accurately reflect the country's development
programme. If go:remmgnt é:,ontrol over the ecofiomy dur;ng the period o_f
analysis were total, and if policies were not directed specifically towards
conserving or e‘xpanda‘ing foreign exchange, then our conclusions would be valid.
We do not expect in practiée to find the foreigr; exchanges in
equil_:'Lbrigm. A There will usuaily be some net balance at the end of every

period. Positive balances will iead to réserve accumulation; accumulated

.
reserves are used to accommodate negative balances. The existence of continuous
disequilibria is the rationale for holding foreigp exchange reserves. This
leads to the questic'm‘ of "temporary" as opposed to "fundamentél" rd-isequilibria.
Reserves are directgd towax;ds the former, not the latter.

. In ex-post facto analysis we can always identify a fmdamentall dis- -
equilibrium by. the t_hreat of reserve exhaust:':on,. ‘given that we started with an
adequate reserve stock (as defined elsewhere in the study) and given also that
no corrective measures are taken. There is, of course, a very small probability
that purely random variations ;nay lead to the exhaustion of an adequate reserve

stock, but we have reduced this probability to levels which we can neglec‘ta.

A

1 The choice of an accounting period is not crucial. Six months probably

corresponds most closely to the longest period over which the foreign exchange
authorities in Jamaica would feel confidence in their projections.

2 Money supplies, capital imports, government expenditures, and exports. -

t
.

3 See Chapter Four. . R
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" Any tendency to exhaust reserves wighin our time horizon would thus indicate
a fundamental disequilibrium. Thus reserve adequacy can ‘be used as a test of
fundamental disequilibrium.

We cannot make use of this to define fundamental disequilibrium,

nonetheless. The reason is that to determine reserve adequacy we make use of

the distinction between temporary and fundamental diseqﬁ‘i\libria.

ex-post facto

Consequently, while the above notion is useful in soms

v

analysis, for definitional purposes we must go back to the spurce of the im-

‘o s

balance. A fundamental disequilibrium derives from inconsistency in national
aspirations as they affect foreign transactions. With the aid of .a suitablé
comprehensive description of the economy, we can estimate total foreign
exchange eamings, u.sing th!e definition earlier established for|balance of
payments credits and debits. We compare foreign .exchange earnings with the
foreign resource needs which the economic model forecasts, us.ing the same
balanc'e of payments definitions. A persistent‘inability to meet
exchange needs, even with the aid of autonomous capital inflows,
evidence of a fundamental disequilibrl':um.

Temporary disequilibria deri\'re from quite different circumstances.
Strikes in cz;ucial sectors or industries, for example, can reduce f reign
exchange earnings and lead to digequilibria. ' The effect of -an unusyally dry
(or unusually wet) crop season, the emergence of some new disease in some
area of agriculture, the effects of an election year (which invariably brings
a Islow—down in economic activity) may all cause a shortfall in lforei exchange
eaxrrx%ngg_ which will last for a while but will permit a return to the expected
levels of exchange earning when the crisis is ‘over.

Some considerable judgemc;nt is gvidently called for in deciding whether

to label any disturbance 'fundamental' or 'fbmporary'. Should the effect of

a natural disaster, such as a hurricane, be considered temporary or 'liundamental?

T Ry i S A T S ———- T J' g -
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This particular example is of great relevance to Jamaica. A clue to the

treatment can be derived from considering what policies would be considered.

appropriate for dealing with the situation and whether the effects of the

particular disturbance have altered .economic parameters sufficiently to cause
a revision of theulong ™un pr'ojéctic;ns of foreign receipt's and iaayments. )

We are interested principally in the policy implications of the dis-
tinction between fundamental and temporary disequilibria. A fundalnmen‘tal
disequilibrium can be tackled only by means of import substitution, shifts in
export production, changes in parameters such as the propensity to import, <

changes in production structures and production tech}aiques which economise on

the use of foreign resources and so on. Contingency measures such as pre-

cautionary reserves are useful only if the balance of payments disequilibrium

is temporary.

We use the terms imbalance and disequilibrium equivalently. There seems
to be no objection to this so long as we are talking about ex ante balances.
']

We do not anticipate zero balances unless the exchanges are .in equilibrium.

.o . '
An imbalance is the same thing as a-deficit or surplus on the balance of

payments account. The term net foreign exchange earnings is also used to mean
\

the same thing. These terms all refer to the sum of net payments (debits

minus credits) on each and every item of the balance of payments account, with
the sole exception of-the item 'Change in /Foreign Exchange 7 Reserves'l, From
the nature of the balance of payments dccounts, it follows that the change in

reserves is also equivalent to the deficit/surplus-imbalancg—disequilibr-i).im—net

foreigneexchange earnings, but with the opposite sign.’

1 See Bank of Jamaica, Balance of Payments of Jamaica, Table 1, 'Balance of

Payments summary'. s
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¥,

From time to time we speak of the 'demand for foreign exchange
reserves'. We mean by this the difference between the expected level of

reserves at some future period and any other value of reserves which might

" actually occur at that time. That is to say, we project that reserves will

attain a certain value at a particular time, but because of uncertainty,

¢

other values are possible, The demand for foreign exchange reserves is the

v

difference between the expected value and each of these other values. For any
one chosen expected value, the demand is a (random) var:Eable, assuming many
values. While this teminolog')'r may be unfamiliar, its usége should become
clea;r from the a;nalysis of Chapters Four and Seven.

Other terms uséd from time to time, such as 'target level :of foreign
exchange earnings' and 'normal foreign exchange requirements' should be
understood to mean that these levels are derived from the development programme

(or, in our case, from knowledgé of money supplies, government expenditures,\

capital inflows and exports). Similarly, a balance of payments crisis refers
to a disequilibrium, usually fundamentall, which involves a deficit rather

than a surplus, ™ ' \ .

L

The Definition of Foreign Exchange Reserves

Our analysis is concerned with the problem of short-run demand for -
exchange reserves. It follows that the appropriate definition of reserves
must include all foreign assets which are- availahlg to the publ.?c at short

]

notice. Or, to be more precise, the value which acceptable extemmal assets

~ L/

~
o
’

1 "l'he context will show whether or not it is fundamental.

5
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would realise if they must be redeemed at sliort notice, Thus our definition

' " should include l;oth long- and short-term securities which are marketable,
n . N ) . .
¥ but the appropriate valuation must be the current market value.

There are two problems which present particular difficulty in applying

" this definition. These relate to the question of "tied" assets and the

treatment of privately held foreign assets and liabilities.

The pmblém of tied assets arises becauée some\pqr'ticn of the total
fc;reign assets is invariably committed in advance, and cannot be used to finanse
balance of payments deficits. Let us look more closely at some ways.in which
this commhitment arises and the ways in which it can affect the analysis.

Some deferred commitments may derive .from the nature of capital move-

H
[
_%

ments. Capital movements may be classified according to their source and

‘method of payment. Some transfers are effected within the framework of
multinational corporat;‘.ons. If the capital inflow is to be spent o;'x imports,
we have 'm; increase in reserves; if the capital inflow finds its way into

the domestic expenditure stream, reserves are unequivocably increased; as this'

>

increase in expenditure generates additional income, however, imports will

eans a negligible consideration in the Jamaican economy
where capital inflows of the order of $100 million (Ja.) have recently been
recorded, and where marginal import propensities tgre been estimated in the
region 0.8.l A éapital infloy Increases the 'free' reserves in the system by

its own value net of all induced import charges. Hence we should deduct

induced consumption imports as well ‘as induced capital imi)orts.
' - L

¥

1

See Chapter Seven.
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We can ignore this problem only if capital inflows do not cr‘eaté
a noticeable impact on national income, if marginal propensities are low, if
capital inflows are maintained at a stable level o."o if the import effects are
instantaneous.

It is unlikely these conditions will obtain in Jamaica. Since 1951,
capital inflows have constituted a substantial propor'ti‘on of domestic invest-
ment ip the country in every year except 19631. In years ‘wh;an producing

- )
facilities were being expanded in the bauxite industry te.g. 1955/6 and 1968/9)
forsign, capital ' outweighed domestic capital in the proportion of its
contribution to capital formation. As far as marginal propensities to import
are concerned, the extraordinarily high figure for Jamaica wéxs r%oted in the

-

last paragraph.

’

The third factor which might mitigate the effects of deferred foreign

exchange commitments on our analysis is stability ¢in the pattern of capital

inflow. Again this is a condition which R
Net Capital Movements
is violated in Jamaica. -
. . $ Ja. mn,
The years of massive capital
. 1964 4.9
inflow (1968-72) were preceded-by years : )
1 ) . 1865 .~ 11.8
of more moderate inflow, If the impact
L : . 1966 46.7
of .imports were:instantaneous, this -
. 1967 ‘ 64.9
would cause no problem, since there would .
. 1968 114.4
be no net change in the reserve position. .
) ) . 1969 91.7
However, in the more usual situation,
. ) . 1970 139.5
reserves will rise” as the foreign funds . ‘
) ' 1871 174.8
are disbursed, only to fall later
1972 109.3

as import expenditures

Source: apk of J ica
. e Balknos o?"lszlﬁménts of
Jamaica, 1964-172

lOwen Jefferson, The Post-War Economlc Development of Jamaica U.W.I. 1872,

B 189 and Jamaica Economic Surveys, National Planning Agency, 1970-73.

vaate as well as official reserve hold:mgs. ‘




occur, *© Im fhem‘i;, there would seem to be two ways of solving the problem:

either choose a long period of account or net out the expected increases in
imports. 1In pr‘actice,' neither solution will be possible in our case. We
have elected to use a l%nthly series for a number of other reasons, and the

difficulties of estimating accurately the import impact of a particular
¢ 4 .
capital inflow are such as to make this exercise of dubious value.
A different problem of 'tied' reserves.arises from the presence of

y ) » [} . 3
sinking funds and other amortisation accounts held overseas. Again these -
funds, though they appear in foreign exchange accounts, are not 'free'
reserves which dan be liquidated to meet unforeseen disturbances in the

balance of payments. These committed funds should be deducted from the
. ' 1
foreign reserves total.

A more intractable problem in Jamaica derives from the establishment
“of special exchange accounts as 'securities' for foreign loans. " In order to

secure loans in a tight foreign market, agreements were made whereby special

accounty are held in foreign sécuri?ies with specifieci institutions. These
special accounts are not sinking funds, sinpe they are not intended for use
in amortising the debt (except presumably in 'unusual' circumstances).
Nevertheless, it is not evident how they could be utilised for balance of
baytpents purposes. It wou.ld appear, therefore, that these spe-cial accounts
- ought toil')e deducted from the "free' reserves total ag well.

E

The second definitional controversy concerns the treatment of the

4

.1 This is done in the Bank of Jamaica's published series since 1968;
roblems of valuing the sinking fund contributions preclude correction
for earlier years. - :

bl
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foreign assets and liabilities of the private sector. For all practical
purposes this means the commercial banks, since no data is available on the

foreign assets of other private institutions. The question is whether we

. Pl

should include private foreign assets aﬁd(or liabilities in reserves as
defined for our purposes. “ ‘

";'owhac extent are privately held foreign assets available to meet.
balance of paymenuts contingencies? To what extent do private foreign liabili-
ties represent a commitment of foreign e);change reserves? It is clear that
the banking system can supply external liquidity to assist in meeting a

.

short-term balance of payments crisis. What is not clear is whether the

amount of such financing bears any relationship to foreign assets or lia-

bilities at any particular time.

/7/ " It is possible, for example, that stocks of foreign assets would be

run down to ¢reate credits for external payments. in favour of customers whose
revenues were thempor'arily reduced because of the effects- of export instability.
It might, therefof*e, be argued that the commercial bank's foreign assets are
legitimatély a part of the nation's unconditional liquidity.

The foreign liabilities of commercial banks presen;c a more dii:'ficu.lt
problem. On the one hand it may be argued that these liabilities are a c.ha”’rge
on t‘he foreigr; exchange reserves and must therefore be deducted before we can*
arrive at a true figure for 'free' reserves. On the other hand, there s
reason tolbelieve that banks are willing to run up foreign _lia\bili‘cies to
fairly substantial levels to finance a balance of .payments deficit provided
their confidence in economic management were not shaken. If this is so the
unconditional liquidity available to the country from the banking system
does not consist?’i;nly of the bank's, foreign assets; there should be added,
an amount equal to the maximum foreign liability that the b7lk1;.ng system i3

prepared to sustain. The situation is analogous to that of the monetary

<
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authorities. Their foreign liquidity includes any uncondiItional lines of B
. credit. as well as their foreign exchange holdings. ,
- The key to resolving this issue must be in empirical study. Hi need
e
" to have specific information on two questions : (a) what level of foreign
liabilities is considered "normal" by commercial:bénkers? (b} would this
norm be the same in times of balance of paymentg —_
disequilibrium; wouvld the banks be prepared ;;gz;;t?isaanks' ;gre;gn ‘
to raise their ceiling of foreign indebt- T ) _
’ ' - 1953 0.6
edhess or would they feel compelled to e
‘ 1954 0.2, ‘
lower it? ;
13855 0.4
Evidence on the commercial bank's .
‘ 1956 0.7
liabilities is inconclusive with respect \ .
- 1957 2.7
to "normal" levels of liability. There has {
- 1958 3.3
evidently been a change of policy sihce . . -~
‘ . 1959 4.5
the establishment of the Bank of Jamaica. 1
. : : .1960 " YAV
Previously, negligible foreign liabilities i .
. 1961 16.0
were held abroad, but since 1961, year-end
- _ 1962 10.8 ~
figures have been substantial. However,
\ 1963 12.4
it is not clear that any norm has been
’ b 1964 25.4
established. Roughly speaking, there ywere N 1
» 1965 32.4
, two periods 1964-66 and 1969/1970 when lia- "
. g y oL 1966 2.0
' bilities were of the order of $25-$30 million; .
) 1967 6.6
in the other years $10-15 million seems a \
19€8 4.6 |
more characteristic figure. What can be . , .
~ 1969 28.9 o
said is that there is only one assumptlon
1970 37.9
which would justify subtractlon of the
. 1971 17.4
G full amount of foreign liabilities from
Sources: Bank of Jamaica, Statis-

tical Digest, and International
Fuﬁmf‘ldl Stanstlcs
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the total reserves; the assumption that a balance of paymefits disturbance .
would cause commercial banks to reaot by reducing liabilities to zero. This
would seem to be highly unlikely. No foreign 1liabilities should be subtracted

from the total, on this argument, unless the current levels -of foreign

+liability were in excess of the maximum the banks were prepared to sustain.

On the contrary, if current foreign liabiiities were less than this maximum,

then an amount should be added to unconditional reserves. This amount, the
A\
difference between current foreign liabilities and their maximum, would’

represent the willingness of the private sector to provide additional foreign
L 4 .
liquidity if it were needed.

L]

We may.pause briefly to note the quantitati\}e and qualitative signifi-
cance of the inclusion of commercial bank's net assets in the reserve series.
In the first place, we reduce the apparent level of r;aserves by including

I4

this item]’. This is true of all but four months inh the series since 1965.

. Secondly, gommercial bank's foreign transactions appear to follow the same

seasonal pattern as official reserves§ so that there is no change in the
shape of the series. Hov;ever; the amplitude of variations appears -to be

- s " « \ B i
much higher ‘for the commercial banks, and this is aggravated by what \agggar tor

_be discrete shifts in the levels of foreig_ri lial;il'ities_, (for example, #Fom

L]

November 1969 tc_; January 1970). .

,

“The Bani«\of Jamaica definition of foreign exchange is used for the

most part, but we usually omit the foreign assets and liabilities of the
Lo PR

commercial banks. The /reserire's.thérefom consist of Sterling securities

(mainly gecurities -of the U.K. government), small amouri.ts of U.S. government:
1 + ¥

3
-

"
kN

1, i N , > ,
i.e. the commercial banks' net assets have been negative

LY
‘ L%

e
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. of currency and money on call.1 In some cases the net foreign assets of

27

securities, time deposi'ts-vith commercial banks in the U.S, and U.K., the

#

IMF gold tranche, Special Drawing Rights with the IMF, and small amounts

p)

the commercial banks are included for'comparative purposes, but nothing

can be done to take account of deferred commitments on foreign exchange

' - 0
in the private sector.’
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The: most remarkable feature of post-war development in Jamaica has

been the emergence of the bauxite-alumina industry. In 1945 the economy °

"derived its economic impetus mainly from export agriculture, though there

was some tourist development and some food production for the local market.
L]

In 1952, however, bauxite mining began, and J#waica rose rapidly to become
the world's leading producer. Bauxite and alumina now constitute the
island's principal exports, and are among the most important contributors

to the Gross Domestic Product.

A second sector which has recorded substantial growth since 1945 is

_tourism. From a relatively small base at the beginning of the period

tourist capacity increased rapidly between 1955 and .1962. Growth since
. .

then has been less rapid, but nonetheless significant:

\

A corollary of these developments hés been the declining importance
of agriculture in the nati;nal accounts aggreg?tes. .Export agriculture

has suffered from a number of prablems, chief among them being low:product-
ivity , labou; unrest, migration from gural areas, unstable prices and
periodic weather calamities. Domestic agriculture has had to contend with
the additional problems of inadequate marketing, discriminatory land use
policies and lack of adequate sources of financing. As a resuit, though
the value of agricultﬁral output has increased, the increase has not been
sufficient to maintain the relative share of agriculture in GDPl

There. is however a contrast between the national accounts picture and

N
f

that presented by the employment data. Agriculture still absorbs much the

larger portion of the labour force, and tourism, public administration, and

‘the distributive sector all contribute far more to total employment than

-

-does the mining industry.

The remaining notewortﬁy feature on the proguction side is th; emergence

N
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of the manufacturing sector to a position of prominence, both in contribution
to national output and employment. This sector, too, has been largely export
oriented. ’Many of t};e industries establishgd under an official program of
government incentives and promotion were designed to exploit the North Ame;ican
market, using imported raw materials. And in more recent years, industries
which were 9stablish;ed to serve the domestic market have been responding to

A - " . .
newly emerging prospects for exports to other territories within the Caribbean

. area.

. s N . \

A consequence of the fact that -the leading economic activities are,
by and large, export oriented,is Jamaica's heavy dependence on foreign trade
and payments. In this{ respect the historical pattern which is to be observed
in all Caribbean ecpno;ngles has been preserved. The ratio of foreign trade ‘
to na_tionai income is in all cases extraorainaviiy high, as it has been from ¥
the time of the first European penetration.

The.question' of heavy reliance on external trade }.1as been one of the
majop :Ess(xes of development policy in the Caribbean ‘in the post-war period.
There is first of all the question whether dependence on trade is itself
inimical to_devélopment. One may argue that while dependence as such may not
be harmful, dependence on a few undifferentiated export lines to the extent
which is characteristic of the Caribbean, reduces the scope for domestic
economic management. The economy has little scope for compensating for
difficulties in one export activity by expansion in others. Therefore
Caribbean-type dependence is undesirable. The question then is whether much
can be done about it, given the presumably limited natural resour:cen and popu-
lation wllase of a country like Jamaica. The answer to this question hangs on

the results of an analysis of the ‘sources of economic dependence, which should

reveal whether dependence is a function of size and resoupces or of institutional

A ~
.
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&, and traditional factors.Tte necessity and the possibilities for reducing
(4 | :
I’ external ‘dependence are‘areas of development policy which are still being
: explored. ’ n ‘ . ‘
~A second development issue has been the chronically high level of
unemploymentiéf labour in the country. Clpge to one quarfer of Jamaica's labour
. force is unemployed, and many have becomé Qnemp oyable as much because they
i have never had the éiscipline ofswork As cause of lack of education and skills.
,§‘ Migration to the towns (particularly” the ovederowded capital, Kingston) and
i the relative decline of agriculture havé conffibufed largely to this problem.
% As yet no strategy has emerged to sec;re a substantial reduction’in the ranks .

of ‘the unemployed, and_ this remains a basic unfulfilled development goal.

) Th; third central development issue which the country faces is one of
income distribution. Jamaica suffers from a severely inequitable distribution ‘
of income, and much debate has centred on the relationship between iﬁcome
distribution, national savings and iTvestment and development,

PERCENTAGE DISTRIBUTION OF EMPLOYMENT
Table 2-1 ' BY INDUSTRY GROUP - OCTOBER, 1972

o

Industry Group o T i Percent

-

) Bauxite & alumina ..........c.00u... Ceereenisnens 8.

i Agriculture, Forestry, Fishing 1

HanufactuUre . et iven it tan s e naeneees 12,

Construction & Installation 6
Transportation, Communications and

Public Utilities..i.viivienreennnanntonesnnnennin

CoOmmMerce. .overiainesnsncnns

Public Administration...,..c.vvereesernaceosncnns

Tourism (accommodation only)....cevervnnersenans

Other.Services.....c.vevnvuasn

Crereaseieaas R |

Y ' TOTALees s e avneennsenanonnaseesennnesss.100.0

. 3 e ———— .
’ Source: Jamaica, Central Planning Unit, Economic Survey of Jamaicd, 1972,
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Contribution of .Sectors to GDP at Current Factor Cost 1972

. ‘ $ Jamaican )
Table 2-2. ___ (million)
Agriculture 105.6 9.1 -

. (Export Agriculture) . 27.6 2.4
. Mining 14l.1 ; 12.2
' Manufacturing - o 165.5 14.3
Construction . C .130.9 11.3
Electricity 18.9 1.6
" Transport 84.0 7.3
Distribution 160.3 13.9
Financial Institutions M 76.8 6.6

' Ownership of Dwellings 31.7 2.7 ‘
Government K ' 108.6 9.4
Tourism ~ 68.6 . 5.9
‘Miscellaneous Servicgs 65.6 5.6

.

TOTAL 1,157.6 100.0

Source: Jamaica, Central Planning Unit, Economic¢ Survey of
Jemaica, 1972.

Bauxite-Alumina

o

We now pause to give a brief word—picturé of the structure of production

in Japaica - the principal act1v1t1&s, their output levels, marketing arrange-

ments and factor use. We begin with the bauxite-alumina industry, which is
the most important growth promoting activity in the country. This is so in
spite of the fact that, in terms of GDP contribution, ﬁining ranks a littlé.
behind manufacture. The difference between the sectors, which makes for the

i3
fact that mining is regarded as more "dynamic", lies in their differential

- foreign exchange impact. The export component of manufacturing is.small,

whereas the entire oufput of the mining sector is exported. In fact, gross

export earnings give little indlcatlon of the net foreign exchange contribution
\

of the mining sectoﬁ since all firms except one are foreign owned, and there

J

47
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are few domestic factor imports apart from labour (which is a small proportion

of total cost). Net foreign exchange earnings therefore derive mainly from

»

labour incomes and tax payments, which may total substantially less than gross

earnings. The same strictures will however apply to much of the manufacturing
: )

" sector; in fact, since most operate under tax incentive schemes, many will

‘ contribute only labour income to the national aggregates. .

Both mining and s;me manufacturing contribute foreign exchange dufing
their establishment stages as we}l, bringing into the country. the c;pital
needed to design, construct and initiate their operations. But here again
the size of capital inflow and its effects on other economic activities
(particularly cons}ruction) is considerably greater in the case of bauxite
and alumina. However, in the mining industry this’inflow.is necessarily
of a tr;hsient nature. The creation of new c;pacity is a large discrete

_operation; not normall} repeated for a number of years thereafter. The same
is tr;e—to some extent of manufacturing, though because of the greater range
of activities the lumpiness of investment projects ﬁay be evened out Sy ..
sequencing. |

1 A

Measured in terms of foreign exchange contribution, therefore, mining

»

.comes out ahead of manufacturing, but its net contribution is (a) much less

significant than gross figures would suggest and 9bf subject to sharp

a

fluctuation over the long period.

The mining industry employs relatively little labour. The difference .
between the sector's percentage contribution to output and its percentage
contribution to employment illustrates this point, and is an indicator of high

capital intensity. This is one Treason for low domestic value added since

labour is 'the only domestic factor which is used in significant amounts in:

4

1 Another might be the Erbitrary method of valuing output, referred to elsewhere.
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the industry.
The mining industry has followed very cloéely the model'of the "enclave"
industry: on the input side the;e are no imﬁprtant backwara linkages with other .
domestic industries, except when constructidn is going onj; and on the output
side, there are no forward linkqges.beyond the alumina stage, since none of
the product is proéessed in Jam;;ca. The extraction of aluminum from
alumina (which is still a crude material) requires very large quantities of
cheap electriqity; which hitherto have not been available in Jamaicat The
industry has not helped to changevbamaica's long tradition of trade dependence.
In fact, bauxite may have reinforced the trade oriented structure of
economic activity. Wage levels in the industry ﬁEié been high relative to
* wages elsewhere in the country, and this has led tq a "demonstrétion"“effect,
tending to raise %he level of wage expectations throughout the country. As \
ﬁoney incomes have risen in response to this, domestic output of food and oth?r
necessities has not kept pace. This is undoubtedly one reason why p;opensities
to import have been steadily rising.
« Tourism :
Estimated tourist expenditure iﬁ 1972 was $107.9 million, with GDP con-
tribution of $68.6 million. ‘Since all of this is f;reigﬁ exchange eérnings,
tourism rank; secéndsto mining as a source of foreign e%qhange, if we take

L[] [ » l
gross earnings as an indicator™,

B

[ 4 -

lIt ought to bé noted that gross export earnings is really not a good indicator
at all: (1) in the case of mining, retained earnings amount to about 50% of gross;
' (Owen Jefferson, The Post War Economic. Development of Jamaica p.167. (2) for
tourism, earlier studies have shown leakages abroad of 40% of gross earnings:

(See G. Cumper, 'Tourist Expenditure in Jamaica' Social and Economic ‘Studies,
September 1959). Current data on retained earnings are unfortunately not
available, '

TR
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The %gdustry's employment contribution is also considerable, even though
“workers at hotels, guest houses, etc. account for only a émall portion of the
. labour force. This count does not include the large numbers of ancilliary
workers whose jobs appear under 'Other Services' in our table.

Although tourism is overshadowed by a number of other sectors in ‘the
nationql accounts, two importanf points should be noted. First, tourism is

a prime mover in that expansion (or contraction) in the sector will affect

levels of activity in other sectors - construction, distribution and enter-

Jainment in particular. Secondly, tourism is vital to the economy of Jamaica'

-

north coast. Although Jamaica is a small 4sland, it exhibits two noticeable

regional characteristics. One is the urban-rural dichotomy, familiar in

s

most Third World countries; the other is the concentration of tourist activity

-

in the island's north coast, where the principal tourist attractions are
¢ located. The economy is not sufficiently flexible to compensate for the
effects of:a.slump in tourisq on the ecozémic life of the north c;ast ﬁ;gion.

The -larger proB&;tion of tourist capacity is foreign owned. in 1968,

non-nationals owned 55.6% of hotel capacity (guest houses and apartments mnot
included)}. The overall ratio is probably in this region: guest houses are
owned predominantly by nationals, but there is significant foreign ownership
of apartments. Furtherﬁqre;“the increase in capacity since 1968 has resulted
largely from the coné;ruction of foreign-o;ned convention-type hotels and
apartment complexes.

‘%he industry caters hain;y to the North American market, which supplied

about 85% of "landed visitorﬁ“ in 1972? 75% from the U.S. alone. This

|

S

7

LY ! .
lOwen Jefferson, The Post War Economic DeVélopment of Jamaica p.178 .

The category excludes cruise passengers; based on data from Bank of Jamaica
Statistical Digest (monthly)

*
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constitutes one weakness, in that the secular pattern of activity in the
gsector is very heavily dependent on the U.S. domestic economic prospects
and her balance of foreign payments. There is some fear of other tourist
areas which compete for the American travel dollar, but the resilience eof
tourist demand in Jamaica in.the face of low European fares (siﬁce 1971*3
and American government attempts to’promote internal tourism suggest that the
degree of substitutability between various toﬁgkst markets may have been

-

" over-estimated. , \

The industry suffers from considerable seasonal variation, despite
marked success in attracting summer visitors with cheaper rates of accommoda-
tion. The iﬁdustry now has two peaks of activity, one about March and the
other around July. Each peak is followed by a noticeable slump.

Finally, tourism is notoriously subject to fashion and sensitive to
changes in ﬁécial and political climate. Disturbances in the late 60's leﬁ
to widesppéad nervousness about the prospects of tourism. Vigorous campaigns_
have bgén mounted to'bromote an image of political stability and Jamaican
hospgitality so as to ensure the.health of the sector. N
Agriculture

The agriculturai exports which were once the backbone of the Jamaican
economy have now declined to relative unimportance. Exportiagricultune con-
tributed only $27.6 million to the 1972 GDP. Since total GDP contribution
fgp this sector amounted t; $105.6 million, this means that agricultural

p%oduction for home use now constitutes the more important portion of the

/;ector's activity.

- S
'

There is a sharp contrast between the income contribution and the

employment contribution of the agricultural sector. Income contribution is
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is less than 10%, employment contribution is ové% 25%. The contrast is a
symptom of the low levels of productivity in agricul&uve. Low productivity
has been the bane of agricultural development and its causes are still a
matter of dispute. However, among the causes the following must~yndeniabiy

be listed: reluctance to abandon traditional farming methods, the fact that

a rational land-use pattern has not been consistently f8llowed for the

country as } wholg, and resistence to further capital infensity in a social
milieu in which Iabour to perform unskilled agricultural éasks is in ipcreas-
ingly short supply.

ATbere is some plantation cultivation of food crops for domestic use,
but fruit and vegetable production for the domestic market is mainly in the
hands of small fgrmers with 5 acres of land or 1less. -kuch of this land is

in the less fertile hilly regions which comprise two-thirds of Jamaica's

land ‘area. More recently, substantial production of livestock and poultry

for local consumption has be¢n undertaken.
The large plantations and estates which hold about 50% of all farm landsl

concentrate mainly on export crops. The chief export staples are sugar,
bananas and citrus, in that order. Production in all three crops peaked in

1965/66. Since then there has been a notable contraction.

The agricultural sector has been plagued by marketing problems, labour

, troubles and land-use problems. Domestic marketing of agricultural pfoduce

has beén subject . to poor management, poor quality control and inadequate

Storage and collection. Export marketing has been subject to price uncértainty

(even in the case of so-called 'guaranteced' markets) and vériation in quality

1Je£fersdn, p.8l : 54% of-écreageﬁﬂl into the 100 acre-and-over category in
196 , . .
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(in the case of bananas and citrus). The labour problems have arisen because

of the low wages and traditionally bad 2wor'kiig conditions which characterise
. . 4
the industry. Rising expectations in the labour force as a whole has made

¢

agricultural employment an unattractive proposition. The existing patterns
p-Loy p

of land-ownership are a further barrier to agf-icultural expension, i{n that

3

they inhibit flexibility in shifting resources in accordance with marginal

profitability criteria.

. R — v
Manufacturing . ) A

The tables reflect the importan.ce of the Jamaican manufaéturgng sector"s
B \

contribution to GDP; its employment contribution is also .substantial} The
output of the sector consists mainly of light manufactures for the domestic
market. The principal categories in order of importance (1972 data) were food
processing, metal prodiicts and repairs, textiles, cement and chemical products.
A considerable governmental initiative aimed at stimulating export manufactures
'has met with little sucéess. Manufactured exports accounted for 9.4% of total
exports, and 10% of the output of the man\laéturing sector. |
* Government: -

L2

The government of Jamaica concentrates its attention on the country's

social and economic infrastructure. Apart from general admim#stration, it

is concerned with roads, hospitals, police, education and agriculiural services.
There are no major state enterprises (éxcept the Post Office) and even publie

. . - !

utilities are privately owned. In spite of this, the govermment sector “is

[ .
large, and it employs a disproportionate percentage of the labour force.

Construction -and Distribution . .

1

' There are two other large sectors in the economy: construction and
distribution. The construction sector has grown to major importance in

response to theexpansion of capacity in mining and manufacturing, as well

PR Y T adi PR
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as the increase in national .and per capi&j income, which has led to increased
-demand for housing. Distributive trades .and allied services are, as in most
Third World countries, the sectors which abSorb large numbers whose skills

do not fit them for jobs elsewhere. Its contribution to employment is there-

fore greater than its contribution to GDP, though the breakdown of our tables
\fails to demonstrate this clearly.

Developments since 1960 . ‘

Jamaican economy begins in 1960, the year
y ! .

Our detailed analysis of the
before the Bank of, Jamaici was established. The choice-of a beginning point
p ‘ .

‘for economic analysis is always to some degree arbitrary, and we might have’

Ps

chosen thdlnd of World War II (a popular starting point) or the mid-fifties

" when the shape of the economy was transformed with the establishment of ‘%ning

and the rise to prominence of tourism. We have chosen the date of the Bank
of Jamaica's establishment, however, because this marks the emergence of some

real possibility of foreign exchange management, which is, after all, the focus
s . -

of this investigation. Prior to the Bank's establishment there was no authority

I
-

whose focus was monetary and foreign exchange management. The currency board

which the bank replaced was concerned merely with the issue and redemption

3

of currency, and such supervision as was carried an By Government over the

financial system was principally to satisfy Jegal requirements. The period

+

of the Bank of Jamaica's operation.is therefore p’f‘operly the period of our
interest,’though a background sketch of post-war developments was a necessary

introduction to this chapter.

ne
’

The national income of Jamaica has risen rapidly since 1960. In that
: {
year Gross National Product stood at J$455.0 million; by 1972 the figure was
S v

|
J$1,196.2 millionl. This rapid expansiom-has DBeen reflected in each of the

1 : National Accounts"

Table "Jamaica
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acomponent’s of aggregate demand, with the main impetus coming after 1967 in

— ]

~ “ 7 -
¢very case. Private consufption sows a sharp upturn-in 1969 from the not

unsubs tantial, but less striking, rate of increase in previous’ years. Exports

r

(goods and services) recovered in 1968, mainly due to‘tourism which had

slumped badly in 1967. Some of the increase in exports in between 1966 and
. . 1
.19\69 was, however, the resﬁf revaluation of bauxite exports . Gross

Domestic Fixéd-eapital Formation again surged ahead in 1968 relative

to the slowly rising levels of $100-150 million which prevailed between

1960 and 1966. The substantial increase in 1968 was associated with the

expansion of capacity in the mining sector. This sector is highly capltaﬂ
intensive, and is chapéacterised by "lumpy" investmeht, so that any new

activity invariably has a most significant effect on overall capital for-

mation in an economy as small as Jamaica's. To complete the picture, the

(2

consumption expenses of goyemme\nt also roge at a‘pace no less rapid than

was characteristic of the other demand components. This was less the result

of dramatic changes ir; the origfjtation of government policy than a response
to pressures for increased wag;s and better social s!e ices.‘ Thef are the
amaé to which the larges_;c_gart of government curren;:xpenditure is directed.
. The increase :';n private consumption eernditum -undoubtedlx owes much
to the incr;ases, fr;m 1968 onward, in output in the country's n'aain economic;

activities,

o . -

1 .
The revaluation yielded addi tional govemment revenue (including retroactlve tax
payments), but had no other economlc effect.

-

1
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In 1960, the mining industry was in the last phfises of the first period
av..
of rapid expansi%n which followed its establishment 'fn 1952. Output roseﬁshg‘rf;iy

in 1962, and the years following saw a more gradual expansion of production.

In 1968, there was a decline in bauxite production, but the same year witnessed

the beginning of a second period of rapid expansion in capacity. The new

alumina plant which was established increased bauxite output by two million

tons in 1969 awd by an additional 1.5 million tons in 1970. =
The tourist sector experienced rapid growth between 1964 and 1966, after
- « - ‘
a period from 1960 to 1964 when there was a slump in the industry. There was—— .

another low point in 1967, but thereafter we notice a renewed tendency for

rapid expansion. The manufacturing sector has maintained throughcut the period*

* o

a rate of growth in excess of the rate of growth of GDP. During the decade
of the sixties, Jamaica moved into a significant import-substitution

phase, and there is as yet no sign that the limits of this policy have been

- v -

~

reached. . -
Agriculture on the otherehand did rather badly. The agr‘icultural sector
lagged badly after an ea;*l‘y period of expansion between igso anci 1963, Exﬁort
agriculture put in a particularly weak per%or'mance. Output of sugar bananas
and citrus - the main agmcultur'al exports - all declmed mgmfa.cantly
towards the end of the period from levels rcached in the r;id-GO's., Record f-
le\;els‘ of sugar production were achieved in 1965, but output declined by 28.5%
N o
over the next four years. Production has remained stable at the new low level
of 380,000 tons since 1969. #he value of banana production declined by 15%
between 1968 aMd 1971, and c1trus productlon fell by '37% between 1969 and 1971.
'f‘hls disappointing perfyrmance, caused by a variety of factors including

production technology, labour’ supply, weather and marketing problems, has not

beén offset by a switch to-domestic agriculture. ’

*"'\..,_‘_
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' . The net effect of these developments would have been to increase '
national income and expenditure. It is not clear, however, how substantial
an inc;‘ease would result from impulses of the magnitude of those recorded in

tourism, miring and manufacture. The reason lies in the fact that all three

sectors use substantial proportions-bf foreign imports: The domestic value -

added is therefore lesé,_significa_nt than might at first be thought and one
° must be wary ofh attributing most of the increase in income to expansion in
these sectors. | ’ ‘ 5
This caution is r;ainforced b}: a look at inflationary trends,- ' The only
available indice;tor‘ of prices is the retail price index, which, thouéh it may

‘ not be a good indicator of actual magnitudes of other price changes, is never-

T,

theless a useful guide to the direction and speed of such changes. The picture
is, as we might expect, one of accelerating inflation. It is most noteworthx .
that the acceleration of price increases in fact coincides with.the upturn

: in GNP in 1968. The unavoidable implication is that the rise in

national income is accounted for very largely by price increases. S A

¢ Investment, .foreign capital and domestic saving

\ Changes in the level of investment in Jamaica are determined principally
10 ’ - « |
by ‘decisions made in the export sectors. A decision to expand productive
)
¢apacity in mining, tourism or export manufacture will not normally be frustrated
oY 1Y

Ve &

“w_ Dby domestic constraints such as 1ack of finance, Foreign ownership predominates

s SRR
”

. E in all three of these sectors, and the metropolitan parent firms of the Jamaican

operations can alwaya ﬂlake thelr investment decxslons effective by importing

[y
.
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The fact that the export sectors have been the major impetus for growth
in the perioé of our analysis means that the observaticns of the last paragrap?x
are true for the pattern of investment as a whole. Agriculture is the only
sector in whyich domestic investment predominates, and, as we bave seen, its
performance has been poor. Government does. depend to som;a e’xtent og local
sources for its investmen‘i: expenditure, put fo;c'eign aid has been sought
for the majority of large infrastructural projects. Thus the rate of govern-
ment investment is largely determingd by the supply of foreign capigtal to
Government. Domestic investment in manufacturing= and construction.is not
large enough to alter the pattern of foreign to local ésvestmenf and external

determination of the rate of investment.
The high foresign contribution to capital formation is a consequence,
not' so much of limited savings potential, as of ins.titutional factors. It
is l;robable that the mining industry.fOr one would continye to attract foreign
capita‘;. even if local investment funds were available, chiefly because of the
lumpiness of investment in the industry and the scale of anvestment requirements,
at any one time. However, the same would not be true of tourism, manufacturin‘g
and éovemment, and one must ask why these sectors have continued to rely so
heavily' on e_s:iternal initiative and capital. 4 .
First of all, an indication of the untapped savings_potential of the
economy is the recent growth of fimancial savings. Interest-bearing deposits
with conmer‘cia% hanks:, building; societies and other financial institutions )
have grown at a rate even more ;\apid than the rate of growth of income. The
fact that real savings have not grown so rapidly indicate;s that much of the
accumulation of financial assets by the public wasrchannelled into consumption
rather than invéstment by the financial "intemediaries‘. This in turn is a
consequence oflthe skewed development #f the fipancial s;ector. The comer"cial //

.o /

/
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banks, which operate in the short end of the market and generally finanse
consumption-oriented activitiels, have penetrated the’ country with a we;ll-
developed network of branches. On the other hand, the institutions which
would tend to favour long-term investment-type lending - development banks
and merchant banks - are small and relatively recent innovations.

The nature of ownership of productvioﬁ is another factor which prevents
the economy from realising its full savingé potential. The local offshoots
of metropolitan companies did not often resart to loca‘l borrowing at the time
when they were free to do so; and since 1971 they have been discouraged from'
such borrowing by the ?ank of'Jamaica. If domestic savir_xg is available it |
is theoretically possible for local en*grepreneurs to rise to prominence
alongside foreign firms. Theﬂ fact that this has not happened to any signi-
ficant degree may be a result of the lack of long-term finance just mentioned,
but undoubtedly factors of considerable importance have been the underdevelop-
ment of entrepreneurship, inability to compete on evéx; terms with metropolitan
firms and the absence of expected "spread effects" in raising general levels
of“skills and expertise.

ﬁet capital inflows in 1971 amounted to 73% of Net Domestichnves'tment.
In add.ition, much of the domestic investment which was financed internally
by companies would have occurred ;,n cnompanies under foreign control. Further

evidence of the importance of foreign capital can be had by comparing the

pattern of capital inflows with the growth of domestic investment since 1960.

The correspondence is very close. Between 1960 and 1965 capital flows were

low, less than J$20 million annually. In 1963 there was actually a net out-
\ .

flow of capital. Dopmestic investment remained constant between 1960 and 1963,

and a rise in 1953/619 was parelleled by the change from capital outflows of

I

J$/, Tmillion in 1963&30 a net inflow of $15 million in 1964: Between 1964 and
/ 3
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1968, the increase in capital inflow was quite dramatic,-and domestic in-
vestment also rose steeply. A slackening of the rate of increase of
capital inflows after 1968 was accompanied by deceleration in the rate'of
increase of domestic investment. ‘

The Balance of Payﬁents

Foréign capital inflows have financed a large and growing deficit in

the current balance of payments account. TForeign inflows have Peen so

large that wuntil 1972 they not only financed the current account deficit but also

[

led to a build-up of foreign exchange reserves. Exports of goods and services

have in fact risen steadily since 1960, mainly as a result of the growth of

non-agricultural exports. The most significant rises have taken place in

mineral exports (assisted by an increase in the negotiated price) and in light

1

manufactures (exported chiefly to other Caribbean territories). However,

imports 'have risen far more spectacularly, particularly after 1968, and the
burden of inves%medt“income and other transfers has increaseé with the increase
in foreign investment.. No impression has been made in the food import bill

by local import-substituting production, and the growth of manufacturing,
mining, construction a%id tourism has led to substantial increases in import -
requirements for raw materiidls and fuel. Rising national inéome has brought .
increaged demana for consumer durables whiph are imported, or, if produced

$

locally, require imported components. World-wide inflation in recent years

‘ s . . 1
has worsened the picture, even though the prices of some exports have risen”.

The: major influences on the balance of trade were (a) conditions of supply

s

b

=

1Bauxite price rises were negotiated in 1971 retroactive to 1966 and prices . °
of  export manufactures have risen; but the prices of agricultural exports

have tended to weaken except for that of sugar which remained stable prior to
1974 (Sugar prices are negotiated on long-term agreements).

X

S
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and demand for the principal export commodities; (b) the growth of national s
income, (c) patterns of import substitution ag\d (d) the dejaluatiops of 1967
and 197 3 together with the attendant uncertainty on the foreign exchanges.

As far as the bauxite-alumina industry is concerned, lthere is no domestic
supply constraint (though there may be some lag in the response of supply to
deman.d if‘the limit of capacity has been reached). The companies mining in
Jamaica determine the level of their output accordi;lg‘ to demand conditions
in the North Am'eric\an market, which absorbs the entire production. Factors )
of production needed 1:0~ ensure the required output are imported as necessary. -~
The ob's?ex;ved pattern of production and exports in the mining industry there-
férje réflect North American market conditions, with ‘output expanding almost

* bl 1
constantly over the period, faltering or‘xly once, in 1968. ‘
’ Gener‘all‘y rising trends in the ‘tourist and manufam\ujf;ié sectors have

accounted, together with mining, for the generally rising trend in exporté.
Although the pattern hasnbeen uneven, the demand for Jamaica's tourist services
remained strong throughout the period. Manufacturing exports have de:ended ;
heavily on the North ‘Amer'icah market, but, with initiatives towards Caribbean
economic inte‘grationl an increasing volume of exports has been directed to

- -

the other English speaking territories of-the area. Like mining, tourism has
3

suffered only temporarily from insufficient plant; foreign inputs have always

)

become available in response to surges in demand for tourist services. The

growth of’ manufacturing has depended on the establishment of new markéts in

North America and the .€aribbean. However, because Jamaica commands such a

small share of these markets, possibilities for increasing output (by displacing

.

lThe Caribbean Free Trade area (CARIFTA), inaugurated on May 1lst, 1968, was
replaced by the Caribbean Common Market (CARICOM)win 1973,
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existing sources of supply and through demand increases, however marginal)

Y

still exist. The main constraint on the rate of growth here has been the

creation of productive capacity.
' On the other side of the balance of payments, imports have risen more
quickly than exports and just as quickly as money national income. Since so

few of the items consumed in Jamaica are locally produced, the marginal

\

‘import content of any additional income which is spent will be high. With

a low ‘marginal savings ratio, there will be a close link Between
. \\"‘

imports and national income.
. . . -

The import substitution program has done little to chanéé this pattern.

Efforts to substitute for food imports have met with comparatively little
- 7
success, and most import substitution has taken place in manufacturing. The

N

manufacturing sector is, however, heavily( import-dependent, so that rather than

a reduction in imports there has been a switch from final googls imports of manu-

factured items to the import of intermediate items required for their manufacture.

Furthermore, because income increases have increased overall demand, and
because of the development of new import markets, imports of both final and

intermediate goods have continued to rise.

Devaluation of the Jamaican currency in 1967 and 1972 did‘nothing’ to

improve the trade balance.l In November 1967 the Jamaican pound, whose value /
was at the time .fixed in relation to sterling, was devalued 1#3% along with

sterling. This had the immediate effect of raising the prices of the major)/
. . )
portion of Jamaica's imports, which come from the U.S. These increases

’

[

triggered general inflation, increases in morey incomes and a general rise in
imports. ‘Exports, on the other hand, did not receive much stimulus except

for tourism, where a significant increase in the number of arrivals was recorded

1 floating of the pound in 1971 affected the Us-Jamalca exchange rate, but the
trggg—wegghte exchangep rate continued to fluctuate within narrow limits (See

Chapter Seven). .
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. in 1968. The overall deficit therefore worsened considerably between 1967
and 1968, almost doubling to peach J$28.2 million. - oo
L3 ' . L.
s " The 1%73 devaluations, which took place in January of that year, were :

-a response to a badly deteriorating balance of payments situation in 1972.
-.The 1972 deficit of $40.6 million, the highest on reécord, absorbed abpuit:

one-quarter of the country's international reserves, :I‘here were two devalL;a-
§ tic;ns_yithin weeks of each othév in January, for a %otal depreciation of

.

ld% agefinst the pound sTprling. At the'same time, the rate was fixed to the

<
*
,

U.S. dollar. Restrictiond on trade and other foreign exchange transactions
followgd the devaluation, but by the end of the year foreign reserve date;
indicated the measurc;.s had failed to secure more than a temporary improvement ‘'
in the balance of payments.

Developments in the balance of payments confirm the, leading role of

mining, tourism and manufacturing in the Jamaican economy. Admittedly, new .

N

foreign éxchange earnings in these industries have not -provided enocugh foreign
exchange to meet the growing import bill, leaving a large and rapidly growing
deficit on current account. However, substantial capital inflows to ﬁrovide

: : -
new capacity im these industries have largely financed the current account gap,

i ) ¢ AR

so that the only &ears for which an overall deficit was recorded were 1964,
1965, 1969 and 1972. ’ . T

The Development of the Financial Sector o ) !

- “:r :W&l‘"“ b
\
\

The Jamaican financial sector is dominated by the commercial banks which

»

command 46% of the assets of all financial institutions.l The other 1ax;ge

financial institutions are the Bank of Jamaica (the Central Bank), the insurance
%

. liom datay see Bank of Jamaica, Jamaica:General Economic and Financial Situation

L
-
o2

W&W . " T NI U S IR Ny e gy AN
T e o H - Wy e F NERE? - RN A TYRn DIty



companies, building societies, the Government Savings Bank, credit unions,

, and a number of newer private and quasi—gowezlnment institutions, including
mez‘ichant banks, the Jamaica Development Bank and Trust Companies.
With one exception, the commercial banks were established as branches
of large overseas bar;ks. The oldest and largest is the British Barcﬂlayé Bank;

it w‘as followed by ‘a number of Canadian banks, and, most recently, by, sbtqe

large American banks. The range and geographical coverage of bar;kingiservices
l;as increased _rap.idly‘since 1960, and commercial, }:'»ank‘ assets haw\e grown .';tt
an average annual rate of 15%. In 1870 the government of Jamalca 1ntro§uged

;|

v

'Jamalcamsatlon' policy which was directed to encouraging 1ocaJ, partiei
pation in the financial sector (among others). As a result of thi\s polic;\,
\

several banks have incorporated in Jamaica and offered shares on the 1ocal‘\

- market. Jamaicanisation has, however, caused little change in the banks' N

operations. All banks are operated as part of the global network of their
parent institutions. This means, in particular, that foreign credit and .
deposit facilities ’ar-e always available., . o

"The commercial banks in Jamaica have a crucial role to play in \he

. N
country's development because of their size and because they have been remark-.

\

ably. succ’essfui in attracting financial ir‘esources“ from the publicl. A problem
arises in direc.ting t se’financiaf ’resourcle‘s towards long-term uses. The
'commercial banks themselves operate in the British tradition in the short end
of the credit market, and there is not a range of intermediate institutions

through which funds might be redirected to longer-term uses. It is difficult

for the monetary authorities to re-orient commercial banks' operations, bécause

Y

» - w
1gee Nugent Miller, Commercial Banking in Jamaica ISER (mimeo.) 1971. Time

and savings deposits-grew at 2 to 3 times the rate of growth of GDP betweeh
1961 and 19689.
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. (' most market-control mechanisms are difficult to apply, while non-market:
controls raise administrative problems. . The difficulties with market' controls
stem (a) from the underdevelopment of the securities market, in particular.

7. . -

the limited amount andf}ange of short-term securities; and (b) from the fact

that %he local banks have ready access to resources from their Head Offi_ces.l

-

The Bank of Jamaica hag faced considerable difficulty in gredit control and

control of the money supply because of these institutional features of the
economy. .

r The Bank of Jamaica

The -Bank of Jamaica is second in importance to the commercial banks
R . / * - "

in terms of its total ﬁésets. It is about one-third the size of the commercial

banking sector. Tbé)Bamk has been in operation since 1961, functioning as the
7/ .

.government's bapker and having the responsibility of regulating the financial

secapr. .
/

/

}ﬂ%e Bank began its operations very cautiously, lending to govermment

, .
mainiy/on a short-term basis, and using Central Bank Rate changes as the only’
instrument of financial control. The local Bank/Rate was altered in response

to changes in the London Bank Rate, with the intention of discouraging the

outflows of funds from Jamaica to London. The Bank of jamaica was at that

time unwilling to apply exchange controls on Sterling transactions, so it was

felt that local interest rates shqyld be manipulated in such a way as to make

the returns on local financial ;ﬁéestments competitive. Surprisingly, the- -
Bank has not produced data to/suggest that its Bank Rate policy had any

noticeable effect on the ifiterests rate structure of commercial banks and other

financial institutions. In the absence of such reaction, Bank Rate policy:

X
' 1 Though this has been the case until 1963, the recent world-wide economic i
uncertainties may forcé Jamaican branch banks to operate autonomously.
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could not have been effective,

The repercussions of the devaluation of the British pound in 1967 led
to a more active policy of financial managgment by the Bank of Jamaica, and
subsequent payments and exchaﬁge difficulties have occasioned a range of
policy measures. 'The méasures which the Bank presently employs ‘to' regulate
the financial system include (a) the control of all foreign exchange~ trans-
acfions,(b) manipulating commercial bank liquidity ratios,(c) imposing
selective cred&t controls and (d) creating special deposit facilities tc;
absorb excess liquidity in the commercial banking sector: | -

Non-Bank Financial Institutions

One weakness of the Bank of Jamaica's operation is the inadequate con’—
trols over non-bank financigl insti:cutions. Insurance companies are the most
important non-banks, ranking third (after the cgmmercial bank‘s and Bank of
Jamaica) in terms of assets. The premiums paid to life insurance companies
in particular are an important source of personal saving. Other institutions:
which play a large role in mobilising savings are the Building Societies, the
National Insura‘nce Fund, privéte pension fynds and the Government Savings

Bank.l

The Money Supply ‘ - A

b

The year 1968 marked a si‘grlificant uptum' in the rate of expansion of
the money supply. The accelerated increase was maintained through 1971, bu‘;
it slackened in 1972. The money supply increase resulted from the‘spectacular
increase in commercial bank credit to the private sector, which rose 300%

2 ,
between 1966 and 1972, Credit to government also showed marked increase,

1 There is no reliable data on the extent to which such savings are retained do?estically

2In fact, the rate of increase in credit was considerably in excess of the increase
in money supply (currency and demand deposits) and rather more than the increment

in total monetary liabilities. '
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Vthough the rate of expansion was les:s rapid, and tl;ere were two years, 1967

and 1969, ir') which\govemment credit con?r;acted. Government credit amour;ted to only
one-quarter at most of the outstanding private sector credit at any time, so

small contractions had no noticeable effect on the money s:uéplyt The credit
ex'pansion was f\\xeled largely by a-remarkable increase ir; fixed deposits,

which also rose 300% (from a rather smaller base) between 1966 and 1972. The — - —_
foreign fsse-ts of the banking system rose rapidly as wéll, but here the .
pattern was more uneven, with falls of 12% and '34% in 1969 and 1972. The

fall in foreign assets in the latter year was evidently a major cause‘of the
slow-down in monetary expansion in that year; the earlier and less dramatic

fall had no nobfceable effect on the money supply-

Short-term Stabilisation Policies

During the period of the Bank of Jamaica's opération, there have.been
three major shortrun crises %o which the monetary and fiscal authorities have
had to address themselves. /{'he firét was the 1967 e);change rate\ dilémma_
which arose out of the U.K. decision to devalue the pound sterling, tc; which
the Jamaican monétary unit (in 1967, the Jamaican pound, now the Jamaican
dolla;r) was at the time linked. The second problem arose with the phenomenal
inckease in credit, which contributed to the raptd incr;aase in imports from
1967 onwards. The third problem came to a head in 19:72 with a dramatic loss
of foreign exchange reserves, beginning in .May of that year.

Inmediately after the 1967 British devaluation, the Jan\aic;an govern-
ment was faced with the prospect of massive speculation against. the currency,
in the expectation that the Jémaican pound would also have been devalued.

For the first time, tﬁe Bankq of Jamaica imposed general exchange controls and

suspended dealings in foreign currency. These measures were Edopted only

temporarily, and controls were removed once the decision was taken to devalue

"

. .
Y 2 {5
TN L B e R e .




PR R G W

P

. '
QA 4 s

N2

b e

-

Y N . . s ‘
the Jamaican pound. As a consequence of the Jamai{:gq deva]‘ation, th‘

authorities were faced with'a severe price rise. The Bank of Jamaica, in . \
its Annual Report for 1967, recerded overall price increases in excess of

the 14.7% devaluation, with prices of items from other devaluing sources

{e.g. U.K.) rising as well as prices of imports from non-devaluing ‘sources. &t

No systematic analysis of commercial banking behaviour in the 1968-69-

v

eriod has been done to determine the causes of the extraordinary credit

"ncrease which began at this time, but contributory factors may have been

o

thg resurgence of activity in manufacturing, mining and construction, fueled
by high levels of capital inflow;.a'nd the price inflation which led to increased
money incomes as wages reacted.to expectations of continuing price rise.

The Bank of Jamaica reacted to the credit expansion orly after considerable

delay, issuing_in October 1969 a directive irﬁposing selective credit controls.
{ -

4
'

v

Domestic credit con.tinued to rise quickly in spite of the controls, though

l

the 1969 pace was not maintained. * In May 1972 the commercial banks' required

_1iquidity ratios were increased by 23 percentage points to 173%, but the banks"'

continued to hold excess liquidity despite the higher requirement. The credis
. o ;
restriction does. not seem to have had the -deLif\ed effect, but the loss of
' - - . o
e 7
foreign exchange reserves which occurred in 1969 was reversed by capital inflows

»

beginning in 1970, and the authorities were content to tolerate the credit
= !

expansion so long as reserves were not threatened. Prices continued to rise

at about 10 percentage points a:year despite cqngnuing ¢ontrols on selected

N \
items. ) . .

. R }
A more stringent regime of credit, exchange, trade and price controls

was instituted in 1972. The measures were again triggered by a fall in foreign

reserves. The mining and construction activities which had led to massive

[

inflows of long-term "capitai in 1970 and 1971 came to an end, the uncertainty

A

=
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of the international monetary situation led to stockpifing of imports and

i

oy

~

earlj payment, and the general election in March 1972 led to a pause in domestic

activity. The authorities rg(ﬁ:ted by imposing import bans and quotas,

t\ighteﬁinguexcharjge controls, fmpos:'mg wider'price controls and issuing

- 4
government initiative to stimulate production. The effects of these measures
are not yet fully apparent.
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Table 2- 3.

. Goods and Services

Merchandise

Exports (f.o.b.)
Irports (f.o0.b.)

Services

Foreign Travel
Investment Income
ther Services

Transfer Payments

Private
Official

CURRERT ACCOUNT

Net Cavital Movements

Official
Private
Unidentified

SURPLUS/DEFICIT (=)

7

Change in Reserves (increase)-

Government N
Bank of Jemaica
Commercial Banks

A}

=

Source: Bank of Jamaica, Balance of Payments of Jamaica 1964-TO, l972.ﬂ

. 7
54 X )
Jamaica: Balance of Payments

196k | 1965 1966 1967 1968 1969 1970 | 1971 1972
-44 .2 -34.0 -40.5 ~60.6 -96.4 | -114.9 [-1b5.k  [160.4 -179.9
-25.8 | -27.2 5.7 -18.0 -67.7 | -74.% | -89.2 }109.0 |-121.0
156.2 | 154.8 | 197.5 199.2 | 209.2 | 2u3.2 | 285.1 | 286.1 302.4
182.0 182.0 203.2 217.2_ 276.9 317.6 374.3 395.1 L23.4
-18.4 -6.8 -34.8 -42.6 -28.7 -40.5 -56.2 =-51.4 =58.9
22.8 37.8 | . 'L8.0 . Lkg.2 62.8 65.4 66.7 77.2. 91.L
-28.8 -30.6 -64.8 ~-67.2 -61.0 -72.5 -81.8 ™85.7 -100.4
-12.4 -1%.0 -18.0 -2k4 .6 -30.5 -33.5 -k1.1 | -k2.9 -1g9,9
13.0 12.2 10.4 10.0 10.2 11.9 18.2 17.3 22.3
k4.7 21.8 21.8 21.7

~ —2,8 —-3.6 "h.s ‘5.L¥

-31.2 -21.8 -30.1 -50.6 -86.2 | -103.0 -127.2 F1b3.1 -157.6
1%.9 11.8 L6.7 64.9 13 .4 91.7 .| 2139.5 |17u.8 109.3
8.2 6.0 5.3 3.0 10.3 10.3 -1.2 4.0 18.6
3.2 10.2 L€.2 80.2 107.6 88.2 135.3 156.2 8.4
3.5 L.k ;ﬁ.a -18.3 -3.5 -6.8 5.4 1.6 7.7
-16.1 -10.0 .6 14.3 28.2 -11.3 12.3 21.7 ~up.3
16.1 10.0 —{;.6 -1k,3 -28.2 11.3 -12.3 -31.7 48,3

. \ 4 e

0.7 1.8 8.4 -1.8 - 0.3 3.1 0.k 1.9
-4.0 -0.2 -15.4 -7.5 -32.8 1.8 - 8,2 ~17.2 21.¢©
19.% 8.k -9.6 -5.0 > h.6 9,2 - -14.8 . 24,5

-
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\ . " _ : .
°  Table 2- 4. \ . Jamaicc—i: Monetary Survey
« . ' i
- * v
Item 1960] 1961 | 1962 | 1963 | 1964} 1965] 1966 | 1967 | 1968 ) 1969] 19707 1871f 1972 | 1973
Foreign Assets 45.61 34.6 | us.o | 72.8 | S57-B| ub.4; B3.4 | 63.4 | 87.9 '76.°6ﬂ 94.4 |130.6) 86.5 | 71.3:
Domestic Credit 47.2 6L.4 76.2 68.0 99.0 122.& 132.2 [164.4 [202.4 |264.8{ 316.0 ]|381.9{ S1u4.3 }605.0
Claims on . )
Government . ) ‘d . ]
{net) -31.4] =-22.4 -6.6 -8.6 -5.8 -4.6 -2.8 18.2 28.4 19.5 36.5 | 56.0 98.2 }100.1
i Claims on ) g :
‘ Private Sector 78.6 87.0 82.8 76.6| 104.4{ 127.0f 135.0 {146.2 19.5 7| 245.3}§ 279.5 |325.9{ 416.1 }504.9 =
Money ' 52.2) 47.8] 61.0) 60.2} 66.6] 63.5 71.0 | 75.2 95.0 | 110.8] 126.5 lSQ-MZ.Q 207.5 : .
Qua,si-mbney . 49.4] s56.4).65.4) -82.6] 92.64 104.4f 122.0 [136.8-|176.3 |223.6{ 252.5 |310.6| 3I55.8 |394.7 “*
Other items -g8.8f -5.2] -5.21 -2.0} -2.6 0.8 2.6 | 15.7° 15.9/ 16.9) 31.5 42.3;] 72.9] .1
/ .
’ ’.‘
. : 1
® . P
Source: IMF, International Financial Statistics ’ ?
- ‘ f ~ N -
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Table 2-5. o Jamaica: Government }:inar;&é """"" s T )
< A\
Item 1961 1862 1963 1364 1965 1966 1967 1968 1969' 1970 1971 1972 1973
Surplus (+) or - : . 5
Deficit (-) -10.8] -12.9 |-11.7 | -15.1 |-1S5.1| -18.6 ~23.3]| -3Qyl| -20.5} -31.7 | -u47.8| ~-59.4 -90.5
Revenue 72.6] 80.1 | 82.9{ 95.9 [112.4|-116.6| 124.9]| 1u3.2! 170.5 21%.6 | 239.3| 274.1 |326.4
Expenditure 83.4)793.0 | 94.5|111.0 |127.9] 135.2] 1u8.2 173.3] 191.0] 236.3 | 287.1{ 333.5 [416.9
Fipancing 10.8 12.9 11.7 15.1 15.5 18.8 23.3 30.1 20.5 31.7 7.8 59.4 90.5
. o .
Net Q B °
Borrowing 6.9} 13.5 | 13.4 | 14.8 9.1}) 15.4] 19.§ 35.0 4.0 27.6 | 36.9] 58.8 {72.5
Use of cash ; '
balances 3.9 -0.4 11.7 0.3 6.6 3.2 3.1 -4.9 ~0.7 4,1 10.9 0.6 18.1
National Debt n.aJ #45.0 §6.2 63.2 72.4 83.3 |101.2} 122.2 |136.4 | 172.1 |210.3] 256.8 FOS.‘-&
\\'\\ﬁ bl
) ) N
iource: IMF, International Financial Statistie
\ ~ ~
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The theory of international liguidity may be divided for
convenience into two areas, along the lines'suggésted by John
Williamson in a recent sdrvey of the literaturel. The first area K\
is concerflfed with the world's liquidity requirement, usually
considered\ to be derived from the\requirements of the countries which
participate in the inte;national Sayments system, ‘The second area
has to do with the creatige of additional liquidity .and the problems
of h;} much, in wﬂat form, distribution between countries, rates of‘
‘return on 1ntérnatibna1 reserve assets, and so onzu This‘essay deals
with a topic in the first of these areas. We are concerned only with
the reserve requirement 6f a single country; we do not attempt to
treat the issues raised in aggregating over all countries to dgtermine
world requirements. Moreover, our focus is specifically on the
theory as it applies to developing countries. Our model has generic

1inks with many recent suggestions for determining reserve requirements,

and sa the present chapter will be devoted to a review of these

'contributions.

Our task is-'made easier by the existence of four ‘previous reviews

) : .
of the!literature in this field., Besides Williamson's essay (the most

recent and comprehensive) there have been reviews by Clower and Lipsey

3

J Williamson, 'International Liquidity: A Survey!, Lconomic dournal
Sept. 1973. C | - )

? williamson refers to the two areas as respectively the “positive"

and “mgrmative" aspects of the theory., h\ve avoided this usage
because we wish to employ the term ”normative" &f a slightly different
context., ) . ¢

%
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1.
(1968), Niehans (1970) and Grubel (1971). We cover much the same

‘ground as these earlier reviewers and we will inevitably make a

nﬁmber of points which are familiar. However, when the existing
literature is viewed from the standpoint.of our own model some r®w
1nsights can be developed;2 on a number of aspecgs which are of
interest we provide a more explicit treatment and more attention is
paid to the problems of developing countries.

Con@ributions to the literature will be éssesged under two
heads which correspond to a rough division of our model, These are

v

the explanation and/or prediction of reserve movements -and

the alternative balance of payments adjustment measures and

.their costs., Many of the érticles and essays to be reviewed fall into

the first category; the remaindér combine both aspectg into a more

or less complete model of reserve determination for a single cquntry.
Following the review of model-building, attention given to the
Qiguments of those who contend that the attempt to pecify/a fheory
of reserve determination is not a ;eaningful exercise., We then deﬁl
with the conclusions which have emerged from the discdussion to date
and a number of conceptual, theoretical and measurement‘prablems
which rémain to be resblved. The chapter concludes with a re-

1

exgmination of the theory of international reserves from the viewpoint

of develobing countries, » @ -

Q

1 R.W.Clower and R.G.Lipsey 'The Present State of International
Liquidity Theory!, American.Economic Review, May 1968; J.Niehans 'in
IMF, International Liquidity: Needs and Availability, Washington,
1970; H.G.Grubel, 'The Demand for International Reserves: A Critical
Review of the Literature', Journ®1 of Economic~Literature, Dec. 1971.

2 For example, the combination of systematic and stochastic elements
1n the- determination of reserve variation (gee below).

.
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The earlier attempts to explain the behaviour of foreign
' ” .
exchange reserves over time tried to establish an exact relationship

between reserve levels and some index of foreign tranééctioné. The

" index most frequently employed was the level of imports. Thus, the

earliest empirical investigations sought to determine reserve levels

ras a function of world levels of importation. The view that reserve

Foad
adequacy is related in some determinate fashion to the lewel of

imports still retains currency with some central bankers and with
officials of international financial institutionsl, but its theoretical
justification is open to very serious question.

In the first place, the monetary authorities in trading natidns

do not in fact use foreign exchange reserves to service day-to-day

\transact}ons. The reserve is rather in the nature of an inventory

N .

hé%d as a precaution against unusual eventualities which adversely
affégt the foreign transactions pattern, Thus there is.no reason

to expact a lineer relationship between reserves and the volume of

transactions in any time period. However, this factor does not 1g§1y

A

that no réxationship of any sort exists; as we shall see shortly, the’
\
argument of\;his paragraph is compatible with a 'square-root law! of
N\

the relationship of reserves to transactions. ,

v . In a moment we will return to the 'square-root law of reserves!,

‘but first we must ask whether the value of imports is a.reliable measure

of fhe level of transactions. It may be that reserves are related to
L 4
N
I - ! » -
1 See, for example, IMF, International Liquidity: Needs and
Availability, p. 471. .

-
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transactions, but unless there 1s a direct, measurable link beéweeq \
imports and the level of transactions, the empfrical studies which
have used the import measure are on shaky ground.

The first problem is that transactions consist both ©f receipts

and payments. Is the léeblhof reserves related -to the total transactioqé

(receipts plus payments) or to net transactions (the difference between

them)? To.relate reserves to payments aloﬁe would }n eilther case
appear to be a questionable procedure, and to use only a subsection
of total payments (i.e. visible imports), as some writers have done,
is indefensible on these grounds. There have, in fact, been some
attempts to make a suitable modification.1

A further problem 1ies'in the definition of 'imports'. Mainly .
for pfactical reasons, only the current account is normall&'included,
and in some cases; only visible items.' wé have dealt at some length
with this probléﬁ in Chapter‘One, where we argued that the transactions
against which a country's cbntingency reserve was held included capital «
as well~as current account transactions. ‘

If we are\}o consider the payments transactions only, and

-

‘supposing we can successfully incorporate the capital accolint, there’

is still a question as to whether 'imports' so defined woduld méasure .
the voludé of transactioné, the composition of the import basket, or
prices, M&fe specifically, an increase in imports may re;ult fpom
any of the followingﬂ*an increase in the volume of transactions, an
increase in the average size of each traggaction, an increase in the

{

ratio of large transactions to small transactions, and/or an increase ‘}/‘\

a /
1 See, for example, Ragnar Nurkse, International\Currency Experience,
Leaguq of Nations; Geneva, 1944, ’

ey
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in the price pef unit of some or all transaptioﬁs. Zhese dyétinctions
are important because, as we shall discovér shortly, diffe£ent
coﬁclusicns can be obtained using different assumptions about the -~
cause of the increase. ' 8

In Chépter One of éhis study we ;dvanced the argumentvtha},
since reserves are intended to meet unusual variations in net foreign
payments, the approprliate index of re;erve adequacy is not the level
of importé but the degree of variatioﬁ in external transactions.
ﬁecognition of this factor led to the search for some mbaniqgful index
of payments varia%ion; among £hose which have been tried are the
cogefficients of variation.of exportsdand pf resgrves,fthe standard
deviation of reserves and deviations from trend adjusted reserves
series, In some cases the investigators procee@ed on strictly empirf231
grounds, without any explicit theorising on the nature of the
functional/relationship between reserves and transactions variab;lity. /

HoweXer,;many studies have started from the notion of a link between
/

reserﬁ%b and paymeﬁts variation to develop a consistent theory of

, \. ]

The“search for an explicit ;;lationship between reserves and
payment s vafiability Faywbe regarded as the take~off point for most
of(rééent théorising. It has led to the development of models which, ‘,
having specified tﬁg way in which payments ﬁgfy, then derive the |

4
degree of securityl offered by any level o} reserves. ‘'the thrgg

A

-/
1 Following Olivera (loc.cit., 1969) we refer to this probability as
the coefficient of security; it is the probability that reserves will
exceed a stipulated minimum amount (greater than or equal to zero) after
we have taken account of the expecﬁiy demand for reserves and their
variability. ! - o '

v . : /
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studies of this type which we will review are to be found in

by Streissler, Olivera and Archibald and Richmond;l’ The firgt two
merely assume various kinds of distribution function for the
variation bf net foreign transactiops (equal to reserﬁ%s; gsee our
definitions in Chapter One); Archibald and) Richmond go further and
verform empirical tests of their}h&pothes s about the nature of
resérve variation. Kenen and Yudin? in’an earlier paper, tested a
grtheir analysis will

different hypothesis about reserve variatiog§ an

/be included in our review foffﬁurposes of comparison. Following upon
P .

/,//’//zﬂese (in logicgl rather than chrodological order) are the studies
/

",

which use mo éls of cost minimisation or utility maximisation in
conjgntiog/éi;h the coefficient of security to determine an optimum
or des%yéa level of reserves,
) //étreissler and Olivera both have the same approach to the
éu;é%ion;‘PThey assume a fixed coefficient of éecurity and a variety
f alternative hypothetical distribution functions for reserves; then
f$ they investigate the relationship between reserve levels and transactions.
The basic thesis un%erlying the specification of reserve variations
// is that tﬁeye is a non-deterministic element in the patterp of

// fluctuations over time in the balanceof payments (and hence of resefves).
< A

\

. 1 E.Streissler, 'A Stochastic Model of International Reserve Requirements

During Growth of World Trade', Zeitschrift fur Nationaloanomie, Dec.
(> 1969; J.H.G.O¥ivera, 'A Note on the Optimal Growth Rate of International
N\ Reserves', Journal of Political Economy, Mar. 1969; Olivera, 'The
X Sequare-Root Law of Precautionary Reserves', Journal of Political Economy,
Sept/Oct. 1971; and G.C.,Archibald and J.Richmond, 'On the Theory of _',
Foreign Exchange Reserve Requirements', Review of EconomiciStudies,

(7 Apr. 1971,

~

$ BN
< P.B.Kenen and E.Yudin, @Fhe Demand for International Reserves!', .
“Review of Economics and Sfatistics, Aug. 1965. N

- - " T — . T . oy oy T e -
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It does not mat?ﬁr whether the balance of payments is in fundamental
. equilibrium or not; in either case, there will bé '‘fluctuations

around the mean value, fluctuations which are the result of purely
* . .
random variation. Reserve movements are therefore made to depend on

a randoﬁ variablg which has one of a number of distribution functions.

Olivera spécifies the distribution function of net foreign

transactions only. Streissler makes separate specifications for T

‘
-.“\

payments and receipts, and in one case, separate functidns for the

0olume of transactions and for the average size of transaction as

well, Sincé“ﬁb effb&t is made to determine the actual rela;ions&}p
'which o;;ains in any country, a number of aléernative functi?ns fge
tried. 1Included are tﬁe random walk, the normalvdistributién, thé
equpential distribution, ihe Péisson, and a @istribution function
derived from a simple Markov chain. )
We will use Ulivera's'analysis to illustrate this approach..l

The coefficient of security (X) is defined by a
3-1. X = ¢ (K> 2) where Z: net demand for reserves and P: probability
(that is, X is the fixed probability that reserves will always exceed
net demand for foreign exchange). If 2 ~ N (E(E), 0), then it =~ .
follows from the definition ofzphe normal Qistribution that
3-2¢ & = F[R - ‘Eg pA , O‘} , F: functipnal notatior} -

R-E(2) = oF Y @), F: inverse of the function

denoted by F,.
| £

) t . .
1 The analysis is taken from the second of the two papers by Olivera
mentioned in the footnote on the previous pages ‘

-
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If the net demand Z is made up o?/g/;ndiﬁfaﬁal demands 4£D), each

) 2 T
with variance O0f , j§§h///

—

3-3, - 0% n 0 -

and By~ E(z) = n¥ 0 F‘l(ow
s d
which establishes that R is proportional to the square root of

-

the number of transactionslo
Olivera also demonstrates how the optimum reserve level ray

be derived. The method is of interest because we have adopted

7 .
the determining equation as the cost equation (4-1) of our model,

We quote from Olivera (page 1103):

'Let h denote the holding cost of reserves; p

the penalty cost, which is the cost of failure

to satisfy net demand; Q the density function '
of net demand. The holding cost will be taken

as a function of the reserve on hand at the end

— . of the period. We disregard "transactions" or
"transfer" costs, The expected total cost 1is
34 - C(R) = [Fn(R - 2) §(z)az + fp(z-m f(zyaz!.
-0
This is the equation we have adopted, simply changing the symbols
\ A

g"i in accordance with the convention we use throughout the study.

Differentiating with respect to R 'yields the optimum reserve _ )

- 2 ! .
for any strictly convex function, ™~ . ¢ . ?

1 There appears to be am error on page 1101 of Olivera'a paper,

where equation (4) reads oft s E(D% Presumably it should read
o=5 [WD)]~< where V represents variance and E represents

expected value. Q?

*

' ) 2 the equation appears in an appendix to Olivera's drticle. No attempt
was made to enlarge on the nature of the cost functions and the
i (~¥ probability distribution, of 2, ‘'nor was a solution derived for the
optimal level of reaerves. “"0Olivera's treatment was essentially
rief and abstract.1
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Streissler and Olivera both prove that reserves are not a

I

simple linear function of the level of transactions. In addition,
they stress the distinc:;on we made earlier between the'number,
size, structure and price of unit transactions, Surprisingly,
however, the results arrived aﬁ are somewhat 'different, dlivera
-concledes that in the casé where the aggregate of transuctions
increases as a result of‘ﬁncreasee in 'the number of Eraneactions:
only (with size, structure and price #Monstant), the increase in
reserves is proportio%al to the squa;;,root of ﬁhe increase 1?ﬁ
transactions, with a f;géa coeff}cient of secu;ity./ Dealing with
the same case, Streissler aﬁgues that there will be no change/
whatever im the cor'gespond reserve le;el. It appears that the

-
different conclulens arise from the fact ﬁhat Olivera assumes the

expected value of rese;::s to be ;ero while Streissler does not,
011Vera's results are therefore valid only for what he calls the,
‘precautionary reserve', and this is in fact the main thesis of his
argum\ﬁer‘ Streissler's results challenge Olivera's (Fubsidiary)
contention that, for 'non- precautionary' and precexfionary demand
together, the elasticity of reserves with xlwﬁpect to transactions

lies between unity and one-half (L. reserves are pr0portional to

some variable W, where W lies between the total value of transactions

B

anﬁ the square root of that walue). utPEISSler s conclueion seems

i

A p.“x

~—

to be valid for this case. Strei sler also argues that if the average

o Value of transactione increases, (becquéé of inflation, concentratxon
\

of firms or congentration of paymento in a given firm) then reserves

must riee.in order to maintain the existing cog}ficient of security.

v
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{’ The increase in reserves would be 'mostly in proportion to the
- - . ‘
Vi . increase in the average value of transactions, but, in certain -
g .
T . cases' it would be lesest \ - -

a . -

These studies are of interest, ‘not so much becaus® of their

results as because.the development of stochastic explanativns of é

4

’ N ° ) reserve m&vements is one of the keys to the further develbpment'of
’ 2 o . * - N [N
. e international reserve theory., Both studies make significant - -
‘ ’ ' theoretical contributions in this area by establishing the ﬁroPertiés

: of certain distribution functions as abplied to reserve variation
\ Howeyer, apart from the absence of any atteﬁpt to find out which
- ’ ) o §

stochastic description fits the real world, these studies suffered

RN

; o from a number of restrictive assumptions, The parti%ular
§ .
assumption to which we now- turn ou{ attention is the implication

that reé@;ye variation is entirely a random phenomenon.2 he next
\ P

two articles to be considered, by Kenen and Yudin and Archibald and
- - N f‘ . cy

Richmond, consider reserves a function of time as well as a random

o variable. -

’ "

g )’ Kenenlgnd Yudin suggested that the typical pattern,of reserve -

order difference equation:

C 3-5. AR, = PBR, .+€,, 0<{P<1 and €,-
: ) ’t<7(9 g-1%€gr 001 and €

where AR: change in reserves; ¢: randon wriable.
; ,

o

e

} Streissler, opt.cit., p. 370.

/

! ‘: : , o >
' i 2 N ' - 8 ! - |

Th%g assumption was raggxed by Olivera (196

congiders Markov chail @RS~ . .
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Kenen and Yudin were satisfted with the way in which thé data they
uded fitted this equation. However, when Archibald and Richmond

repéated the test with data from a later "period they obtained

L]
» unsatisfactory results. The only reason they were able to suggest

was that structural changes had . occurred between the periods covered
”

by the two tests. .Archibald and Richmond's tests led them to reject

-the Kenen-Yudin equation in favour of a simple autoregreséiveg

scheme, Reserves (R) grew over tihme (t) subject to residual

1
4

; variation (u) as follows:

-~ e
- 3-6, Rt =00 + em +ou.

y are not however indepéndent from perjiod to pefiod«but behave

‘aécording to:
- 2“'
3-7+ o uy =f“t-I+ Yy s, IfI<1 and § ~N(O, 6°).
. ’ !'

Thé authors obtained good results on tests of this eguation for most
. . - i

’

. ‘‘'he u

‘},of the countries 'in their gamﬁfgrfthghgh in three cases it appears
xhai highér orders qf difference are reguirediin 3e7e An'importanf‘
\ qualificatioﬁ,@as the discovery that the variéﬁce of fesiduals«ié

. not in fact constadt over time,

‘ Although these two studies have the merit that they are
Festable aég they 1nb1ude‘a variable to téhe account/of systematic
. fﬁfluenées, they are still very simplistic. THere l; ‘no attempt oo

to build a sophisticated model of the systen which generates the

reserves time series's> An attempt to devise such a model seenms a
" ) . f N

3

1 Archibald and xichmond, op .cite, pe 246.
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S

' . logical development, and this is one of the things we have tried to™

do in oui OWn model.1 d

havingiobtained the parameters of their equation, Keneneand
Yudin proceed to use then; as explanatory variables in multiple
A regressions of cross-coun;ry reserve data. No rigorous theoretical
analysis 1s provided as foundation for the regression: The
'Archibald-Richmond article develops inva (theoretically) more
satisfying manner to derive truvcoefficient of security which is
‘Biven by the prevailing reserve levels in a number of countries., It

18 in this sense a quantification ©of one of the theoretical quels

suggested by Oligera and Streissler\‘g\}iowever, Archibald and

Richmgnd ‘were unabdble to obtain very specific results from their model .

They could only set fipper and lower bounds to the coefficient of

N gecurity, end in most ‘::ases the difference between the values computeM

for the upper and lower lin;it was o great3 that the results’ could be

: of 1ittle value to policy makers. Archibald and Richmond themselves.

v mergly nake .tentati&e c0m.perisons b‘etween leve'ls of security of |
varlous c’ountries, without being able to say how adequate any level
might turn out to be,

' The studiés reviewed so far establish the reYationship between

the level of reserves and the degree of security they‘offer\once the-

. ,
) . . /
)

1 See Chapter Three, . , T /

[

2 Ii:' appears however to have been developed independentlj;

[y

3 In three cases, the 1imite are zero and unity, f'that is to say,"
. anything might happen', See. Arch:ﬂ)ald and Richmond, p. 255. .

4

. ’
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parameters of the distribution function for the.reserve series are

known. This 1nformation’does not, by itself, allow us to specfTy; an

&

optimum level of reserves. To do that we must have some idea §f the

costs associated with, and the benefits tg be derived from, any'level

[§

)
of reserve holding. Then, by comparing the costs of increasing

2

security with the 'stock-out' costs (that is, the ¢osts of runnfng
out o©f reserves or of reducing reserves below the'stipugated minimum) ,

we can determine the desired level of éecurity and the associated

v
i

level of reserves. ! s

”

'he costs of reserves (or the utility of reserves) depend+on
the economic'functions of reserves, The ﬁfasons for which reserves
might be held have been a matter of some debate in the literature.

There is general.agreemené that reserves cannot be used in place of
1 & . . - -

- structural readjustment if qxtérnal payments are not on a path of
long-run equilibrium., Where there is disagreement is on which of a

number of short-term disturbances we shoulé insure aéainst by holding

@

~reserves, The issue¢ is discussed elsewhere in this studyl,'and we
[ P

will return to it later in the present chapter., Most of the’ studies

to which we now turn our attention make the assumption that reserves
. »
are designed to meet foreign exchange demand generated..by random

13

fluctuations in net foreign‘pQCfiﬁts.u
The cost of !'stock-out' depends on .the a@justments which have to

be made in economié goals and economic policy if there 1s no means of

L]

4financing a deficit in net 7oreign transactions. ‘rhus, part of the

¢

1 See Chapter One, . ‘
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. I
requirement for specifying optimum reserve levels 1s that the
]

authorities take saccount of alternative balanse of payments
ad justment ‘mechanisms and their costs. . ;

- q

H.R.Heller was the first to provide a fomplete model

;ncorporating all the above features.1 Thé/distribution funcpion
used was thelnanddm walk, under¥ the assumption that reserves held

by the monetary authorities were for precautionary purposes only.
\Transactions reserves were'thought to be held by’private financial
institutions, which were not included in the analysis., The cost
incurred by holding reserves is 'the Wifferential between the social
rate of meturn on capital and the return {(if any) on the'rese;ves'.
This is tpe return sacrificed by holding reserves 1nste§d of
applying the funds to domestic capital forﬁétign. To arrive at the

Vstock-out! costs Heller assumes that, in the absence of financing,

‘national income must be reduced by an amount sufficient to reduce

the demand for imports enough to eliminate the deficit., The marginal
cost of.holdiﬂg reserves 1o'finance the deficit is therefore equal to
r, the difference between yield and social cost on the last unit of
reserves held. »The marginal cost of financing is %} where m is the
marginél propensity to import, ‘rhe probability of running out of
reserves in i time _periods (T"i) is given by »

W, = (0,51

) assuming equal chances of inctreasing or decreasing reserves during

Egch period. The !'stock=-out' cost is wg¥§h;9d by its probability

1

ES
+ -

I

1 H.R.Heller, 'Optimal International Reserves', Economic Journal,
June 1966, :

2 Page 300,

g ™
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dﬂ‘3 -9, R opt =1h é/h log r + log me

overall costs., If the average size ‘'of deficit or surplus per

71

of occurrence and the marginal costs equated to give

T 3.8, ' 1 =logr + logm

log(0.5) o

This gives W&, the coefficient of security which minimises the

’ -

period is h, we have the optimum Ievel of reserves (R optl/as

~ \\
g

\ \

- log(0,5) . N «
I . / 5‘,
Heller's/article was gn important breggthrough in the the r}x
S \
of reserve determination, even though it/suffers from several \
/ \\ N

serious defects. The more important of these have to do with the ' \

A
\
N

pecification of resarve var afion and the simplification of thf

adjustment megharism. he latter defect is shared by most sub#equemt

P

articles, and, though more sophisticated stochastic moiﬁls have been\

4

S
7

used, the real weakness still ezﬁdns that no satlsfaciory explanation
of systematic reserve variefion, as yet emerged. Because of his

, / /
model's defects, Hellaa/fan ipto diffigulties. His choice of h, the

average size of adjustment per period & necessarily arbitrary, the

" calculated optimum levels of reserves .appear very conservative, and it

" has subsequently'been ehown1 that the results are extremely sensitive

to changes in the adjustment policies specified.

Most studies- since Heller have used different probability

\

distributions, but there. is.one which derives directly from the

Heller article. .J.P.Agarwal2 has adapted Heller's cost equations

1 Clowsr and Lipsey, op. .cit., p. 591. \’\\\\

2 J.P.Agarwal, 'Optimal Monetary Reserves for Developing Countries'
Weltwirtachaftliches Archiv, 107(1), 1971.
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to conform to important characteristics of developing countries,
while leaving the stochastic specificatiqn unchanged, Agarwal argues
that developing countries are constrained by scarce foreign exchange;

there are domestic resources which remain unemployed because the

N .
‘ chgntry cannot afford the foreign inputs needed to complement then,

Res€n{;s might be used to provide some of these scarce inputs and 80
8 nal cost of reserves is replaced by a measure of the output
;;iigh would be possible 1if reserves were so employed. The rationale

\tgé same\as we ourselves have used, but, unlike us, Agarwal

\

consi eqs\onfy\the present year's lncomée sacrifice., Agarwal also
|

mégifiék the cost of adjustment; assuming that the country has a
re%ime of foreign exbhange budgeting, adjustment measures will affect
the\availability of foreign resources ;ssentiél for income generation,.
Henée the cost of adjustment (which Agarwal refers to as the 'reserve.
bene\it') is also measured as a sacrifice of income (again, only
current income is considered).

Agarwal's model and our own both set out to achleve\the same

_goal: that is, to provide measures of the costs and benefits of reserves

L8

which reflect the income sacrifices which developing countries

experience because of their critical shortage of foreign _exchange.

P *

However, we go about the task rather differently. We use different

- explanations &f regerve variation and principally because Agarwal

considers onlyxnuayear different cost equations. Consequently, there
1s"1ittle similarify between the models.,

The next two models to be considered, those of P.B.Clark and
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. Michael Kellyl, are very similar a:nd may b‘e -taken togetheﬂr. They
both use Chebychev's inequality as the basis for their inferences
about the variation of reserves, This 1s a very general probability
statement which ho}ds irrespective é} the diétribution function of
reserves, and allows Clark and Kelly to establish a relagionship
between the level and variability of reserves for any given coefficient
of security, The costs of reserves and the costs of adjustmené are

q

measured in terms of the level of income and the variability of

income, respectively. The combination of cost and probability
distribution gives a locus of pbséible combinations of the expected '%
. ~.
level of income and its fériation¢ This 1is referred to as the
‘*technical' tfade-off between these varia#les} 1ro arrive at the
a optimum combin;tion a ‘'‘subjective! tréde-off‘betweed the same two'
variables is given by the use of a utility function, The best possible
combination is the one which maximises utiiity for the given level of
N\ security. This particular choice of income level -~ income variation
in turn implies the maintenance of a specific level of reserves,
[ | As an illustration of how the modelxﬁorks, we may borrow from
fhe succinct one-paragraph summary of Clark's model which appears in

| , v
Williamson's survey.2 The reserve target to be chosen is ﬁ: and a

package of adjustment measures to be adopted along with this is
represented by the adjustment parameter‘{. The analysis refers to
Clar*'é Figure Eight5 which is reproduced here as Figuré 1l

; .

o

1 P/B.Clark, 'Optimum International.Reserves and the Speced of
Addustment‘, Journal of Political Economy, Mar. 1970; M.G.Kelly,
: . - ¥The Demand for International Reserves', American Economic Review,
/septs. 1970, ‘ :

2 Williamson, p. 691.

2 Clark, p. 371.

. ' .
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E'(Y): Expec ted ihcome level, .
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Oy: Standard deviation of income.
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'*There exists a locus of combinations of R anll Y

shown in the S.E.quadrant, which are consistent with

the maintenance of a constant probability of reserve
depletion: how this "acceptable" probability is chosen

is unspecified, ‘the problem of optimisation is viewed
_as that of determining the best point on this curve, t
taking account of the effects of this choice on the -

level and variability of income. A higher average

level of reserves involves & sacrifice in the -

expected level of income (N.E. quadrant) because

reserves are lower ylelding assets than the alternative
possible forms of investment. A higher yalue of ¥

(more rapid adjustment) involves a greater variance in

income (S.W., quadrant) because the assumed method of .
adjustment is demand management; ... These three .
curves trace out a trade-off between the Expected ' b
value of income and its variability (shown as the .
solid curve in the N.W. quadrant) implied by the

choice ®f a combination of K* and Y . The country

makes this choice on the basis of a conventional

guadratic utility function (dotted curve in N.W,

quadrant)',

One of the weaknesses of the Clark-Kelly approach has been

'

pointed out in the quotation above,. It is the specification of

the acceptable probability level. It would seem that there is

-

. not one 'optimum! level, but a locus of such points, depending on . »

»

the coefficient of security chosen. The second difficulty lies
with the probability distribution of reserves. Clark and Kelly

remain open to the criticism that a'purely probabilistic description

. of reserve movements is inadequate. Moreover, Chebychev's

inequality is a very weak probability statement and will therefore
lead to conservative estimates of the level of reserves required to

gain any given 1eve1 of security. Calculated Wptimum reserve levels ‘

are therefore likely to be high.

Danny Otchere1 has demonstrated how the difference in economic

%

[ Py 3

g

1 Danny Otchere, The Reserve Holding Behaviour of Developing Countriesh
unpublished Ph,D, thosis, McG1ill University, 1972.

s
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ggals of developing countries and metropolitan countries makes for

d}gferences in the reserve optima of these two groupingse. In
. ‘\\ i ) -
‘Otcliere's model the technical trade-off between reserve levels .and

-

rggérve variation (and hence between income levels and income
variationl) depends on the available foreign exchange and tﬁo

alternative uses for that foreign exchange - importation of capital

i

goods. and impogtation of essential consumer goods.l The\gﬁoice as to
the ¢ombination of importation and reserve accumulation is made on

the basis of the relative social rates of return. A variety of '

combinations of the three uses of foreign exchénge‘ﬁs compatible
» ’ .
with any given level of risk. The locus of these combinations' traces

2

" out the level of reserves in the 'portfolio'™ and the associated

variability in the 'portfolio'. This is the technical trade-off,
‘ - ‘ \ . N
which Otchere refers to as the opportunity locus. ,It will differ

? from country to country depending on the scarcity of capital and

foreign exchange, and the structure pf consunmption 1mports? These
. factors would account for part of the difference between developing

-

However, Otchere éuggests that there is another source of —

and metropolitan countries,

distinction between developing and metropolitan countries - the
LN

shape of their respective utility functions. Because of their

anxiety to promote economic development in the face of a Toreign

’

1 Since income is a monotonic (decrcasing) function of regerves (See
Clark, Qp .cit., Buation 11).

t

e Otchere regards the choice as onc of holding an optimumrpértfolio.

[ #
3 For example, the proportion of essential foodstuffs in consumption
- "Imports., : : - :

— . e

» !
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exchange constraint, developing countries may be less averse to PN B

risk than some metropolitan countries. This is 1llustrafed in o

the accompanying diagram, adapted from Otchere. I, Ialand I,
are indifference curves which reflect increasing willingness to
accept risk, the last bedng the case of risk indifference. For
a given opportunity locus greater wi]ﬂingness to accept risk
implies a smaller proportion of foreign exchange to be allocated
Eo reserve accumulation. (The pr0portion of reserves held
decreases from a to b and from b to ¢). Therefore, on account

of both objective-and suhjective factors, there is reason to

expect reserve behaviour of developing countries to be different
]

' ' ]
from the behaviour of metropolitan countries.
The three studieg'which follow all extend the analysis by
considering future economic consequences as well as current effects.

The analysis is made dynamic by the inclusion of the present - value"
)

of future"costs in the models devised by Britto and Heller and by

. \ )
Iyoha.1 Jﬁrg Niehans, in a work of a more tentative and exploratory

nature, investigates the optimal growth path of reserves over time.2

B%itto and Heller arrive at the optimum level of reserves by
minimising the sum of the discounted expected costs (of alternative

policies for balance of payments accommodation ) over a selected
)}

planning period. Assume that there are n time periods and that time

is measured from the last through the first. The amount of

3

adjustment in any period (t is/ut, re%erves at the beginning of the
\ .

v

4

1 .Britto and H.R.,Heller, 'Internatiohal -Adjustment and Optima Reserves
International Kconomic Revicw, Feb. 1973;_M.A,Iyoha, 'Optimal Balance of

Payments Strategy by Stochastic Dynamic Programmingt', Western FEconomic

Journal, Dec,.1971,

-2 Jurg Nichans, 'The Need for Regerves of a Single Country' in IMF,

International Resorven: Needs and Availabiiity,
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i

. period érg R, and there is random®variation (equal to y) in the

balance of payments. g s/%) is the cost of adjustment amounting

to e N is the (arbitrarily specified) minimum allowable level

of reserves and X is a discount factor., The distribution-function

.k
of y is given by #(y) and the minimum sum of the discounted

™

expected costs of R (over all n periods) is represented by C*n(R).'
Reserves at the end of period n are given by‘(R f/in + y)e

The fundamental: equation of the: Britto-Heller model is

3-10, c* (R) = nin’ 5‘/’“:1 1)t O(.[C nop(RE a1 +y) «b(y)dy}

> Fats i,

. ) . ]
The expected. cost for the nEﬁ perfod is the sum of the cost of

. 8
adjustment in the next period (gg/a )) and the discounted sum of

expected costs for all periods beyond. 'l'he values offLmust be
chosen 50 as to minimise this sum,.subject to the' condition that
adjustment in any given period must be éufficient to maintain
reserves at or above the minimum allowable level. The equation is
‘goluble, pro¥iééd wé have the vdlue of the cost of adjustment éor ’
the last peﬂiod.. ‘'he optimal reserve level is set by the condition
that the marginal benefit of reserves be equal to the absolute
value of the marginal‘costs of adjustment.' It is obtain?d by

) ~
solving 3-10 for}fkn_i, differentiating with respect to R and
putting the result equal to zero, ¥

One important feature of the dynamic model is that it allows

for the: choice between adjustment now and adjustment later (or rather,

greater adjustment now and less latcr, or vice versa). By prescribing

/ - %
the Optgmal pattorn of adjué}ment to .accompany reserve policy,

economiéé should be ‘possible. in the usc of rescrves, Britto and —

I

Heller also compare the costs of a ranue‘or‘a]ternative ad justment .

\ -
/ ' .

~

. - [
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‘measures, They conclude, not surprisingly, that a 'mixed"policy‘

* 4
" 1s always less costly than one which concentrates on the use of

one policy instrument only; The best policy mix 1s obtained by
equating the costs of various policies at the margin. 4

The Britto-Heller model is‘nevertheless presented at a hjgh
level of abstraction. The distribution function of the random y'
is not spe;ified, n%F are the costs of adjustment (g) or the
discount factor (). - The, model needs to be fleshed out in these
various aspects beforé;we can arrive/at testable hypotheses, In
addition, it may be noted that this’model does not solve the
problem (which has featured in articles reviewed above) th;t the . -
minh@um reserve level must be arbitrarily specified.

Iyoha provides a more complete sgecification of a‘ model which
is in its essentials the same.as the‘Britto—Heller model. The
conaitions for reserve optimisation are the same} but Iyoha allows
for a constantly sﬁifting time horizon. He specifies that khe
process underiying payments imbalances is Markovian, that there is
one state ngiable (reserve levels)’and one pqlicy br tcontrol!?
variable (imports). The level of imports may be altered by beans
of deflation or import tariffs. Exports are exogenous but subject

to random variation which 1s the only source of payments variability,

since it is assumed that target import levels are alvways attained. '

The ‘benefits from any constellation of policies aré measured in terms’
i - *

18
1 Iyoha's equations-are written in terms of benefits rather than
costs, so hig problem becomes one of constrained maximisation rather
than minimisation.

/

7
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of expected income, The system is solved for the maximum sum of
discouﬂted benefits for any given state at a given time, the solution
jielding a value of K, the index of possﬁble policieé. With this
policy option fixed, the exact composit‘%n'(including the degree of
fiﬁancing via reserves) is obtained by equating marginal benefits,
and the optimum level of reserves is thereby determined, .much as

for Brjtto and Heller's model.

An impor tant contribution made by Niehans was to focus attention
on the growth path of reserv?s over the long run. Most of the recent
theoretical work has been concerncd with the use of reserves as a ,
short-period precautionary meaghre. Although it has'bgen recognised
that there is a transactions demand f0{ reserves as well, little
attention has been given to tﬁe determinants of transactions reserves.
For example, in the Archibald-Richmond model, the implication is.
that transactions reserves increase by a constant amount over each
time-period. Niehans suggests that the growth of transactions .
reserves must be the samée as the growth rate of income, so long as
tﬁe parameters of the economic system remain unchanged. This seems
reasonable, but, as we have suggested in gpapter Four, a more complete
model of the national economy is needed to pro%ide ;igorous‘
demonstration of the way in which the transactions demand for feserves
is determined. . k

- In most respects Niehans' model is too abstract to do more than
suggest possible directions for investigation. In addition to

transactions reserves, he specifies objectives in terms of employment

and prices., NO one has so far taken up this approach. Also, two

)
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. " . qualifications made in Michael Kuczynskit's comm'entsl on Niehansg!

¢ # paper should be noted. As ho /points out, Niehans neglects the
/m does

disutility of tying up .national resources in reserves; an
not specify how the ad justm nt pMocess works to bring thé long ter

growth rate of reserves infto line with the growth of i?éomez. ( /

! !

H Parallel with the ¢volution of models of optima} reserves o

there has developed a dé¢gree of scepticism as to whetfher such, n
. ' / p H
exercise can produce apny useful results. Fritz Mag lup was 7ée -

- /

first of the sceptics’. His argument was that t 'monetary .
reserve '

authorities do not regard the achigvement of any/particul

14

target as an objective of policy. Reserves act aily held are merely

what results from/the other economic policies kpecified,/ and

.

reserveg do not fall

authorities are gsatisfied with this so long
: /

toé quickly.
This angument may be countered on noymative and positive grounds.,
The normativ;E%rgument is that siyice reseryves have /important economic .
/

consequences, it is illogical to ignore” them. By/so doing the

3 auth9ritie nay in fact bve saerificing welfare by ignoring a relevant
decision arameter; they may, as a reqﬁlt keep non-optimal reserves
at an ecgnomic cost highem than is ne essary. The positive counter-

argumen 1s due to (}rubell+ What ecpnomic analysis measures!is nat a

1

\ : | /
2 That is, the conditions which‘ygll make the.ddjustment f%ctor )
satisfy the required condition. - ' f .

«Machlup, "The Need for Monetary Reservyes', Banca Nazignale del
Lavoro Quarterly Review, Sept./l96§. :
i

1‘1 + /
L kN %_O_E__o 1tu, Pe 111{80 / .
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country's 'need’ for reserves (which is what Machlup céhcerns
himself with) but its effective demand'for reserves. . Tﬁe latter .
can be measured‘irrespéctive of the economic poliéies pursued or
the ends which authorities have in view. In our own model, for
example, this is taken care of by relating reserve ievels to ;he
values of the main decision variables. As we have shown, this
makes it possible to infer the patterns of growth and variability,
unless economic structures change.

June Flanders1 has a rather different criticism of r;servé
theory. She suspects that countries may be divided into.two
categories: those vhich hold relatively high levels of reserves and
pursue active policies to maintain éhem; and those which hold

relatively low levels and are less concerned about their erosion.

This critique seems to present no conceptual difficulty for most

‘existing models. It would require different utility functions for

¢

the two kinds of gcountry, but the logic of the models would be

unaffected., In the case of our own model where no utility function
3

is specified, it would imply thaf the model would not provide a good

. explanakion ofgfhe behaviour of all countries, bﬁt this level of

K
generality h§¢ not been claimed for the model in any case.

Egon Soﬁmen2 supports Machlup's argument that the monetary
authorities are 'satisficers', but in addition he introduces hew .

reasons for scepticism. He cdﬁ%ands that metropolitan countriés have

AN

.

0
"

1 MeJdo Flanders, The: Demand for Internaticnal Reserves, Princeton
Studios in International Finance, no. 27. - :

2 ‘General Reserve Supplementation: Some Issues‘ in IMF, International

Reserves, Needs and Availability.
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such a range of measures with which to deal with any balance of //
. * /
~ . payments difficulty that they need never resort to the use of /
/

_‘reserves. This &rgument does not affect the analysis of the ‘//’

papers reviewed earl;er in any significant way, since the
alternative measures are Faken account of in the fully a;ticulated
models, If, as Sohmen implies, the alternat}ves are less costly
than financing with resefves, then this should cor;esp0ndingly
reduce the optimum level of reserves.

. Sohmen's second critique has to do with the distinction
between temporary and fundamental disequilibria. He seems to be
of the opinion that it is necessary"to know gzlgggg whe?her any
given disturbance is transitional or persistent. It is difficult
to see why this must be so; 1if continuous analygis is undertaken
of balance of payments £¥ends in order to inform. reserve

management, then the onset of fundamental disequilibrium would

be signalled by a sharp rise in the cost of all available policy

options and combifiations. This would indicate to'huthbrities the

need for a strategy to restore equilibrium. The fact that a )
certain proportion of reserves has not been put aside "to 'buy

‘ i
time' for re-adjustment does not prevent authorities from in fact

-

employing reserves for this purpose during. the,period of re-
adjustment. .

Sohmen's third criticiem has to do with the scant attention ‘
given to capita% flows as a means of financing‘bélance of payments
deficits. He points out that by using domestic interest rate policy,
capital 1nflows may be induced to alleviate the féreign payments

position., Furthermore, the same objective may be achieved by certain
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kinds of forward exchange‘transacﬁions, eo<that the foreign

%nuestor/cae be given a yie;d/advhﬁteée without increasing domestic

interest rates agg/iﬁ/;;;;; changes in the domestic economy thereby.
The treatment of capital movements is an undoub;ed area of

weakness in the theory as it now stands. Earlier analystg neplected

capital flows; where they have been analysed (by Britto and Heller

_and by Iyopa) the interest rate policy and 1ts consequences have

3

not been fully explored, ’3( ) ”A”'\» ¥

The criticisms which have been ;hde of exchange re§Erve
theory so far would suggest areas of extension which might reward
furth®r research., They highlighf some of the major 1ssges which
}emain problematic, Shortly we will coesiQer other ohtstanding
iseuee of this nature, but first we comment briefly on the results
obtaihed in a number of empirical tests of the various models so
far described ”

Archibald and Richmond discovered that, for the'countries they
tested, the variance of reserves increased pver time as the average ‘
level of reserves iqcreasedl. For the typical case variance
increases by a factor of 3/2 every }ive years. One implication of
this is that reserves should increase over time, beceuse reserves
are directly related to the variance of net foreign transactions.
There 1s-a mbre‘importang theoretical consieeration. Since all the:
models so far dovised depend on the assumption that the variance of
reserves remains constant, the inferences to be drawn must be

qualified, This introduces a further weakness in the theory,

because no one has devised a way of deciding just how much blas is
PERTAT §
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AN
E There was one country in their sample for which the variance did

not increase. -
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[4

'/ * introduced by remowing the aeéumption of constant variance. The
| only way of avoiding' this pitfall is to confine thé’_gn_alys}&-to*/’,/
a period short enough to %psure that there willfbe no significan{
increase in variance. .
.

All the recent empirical studies have tested the relationship
) ; \

between reserves and the variance of foreign transactions. Several

-

~ "measures of that varlance have been used, including the standard
deviation of eiports‘or'of reséerves, apd indices of vafiatioﬂ
based on deviat}ons from a moving avérgge. Only Flanders failed
to find a significant relationship; all other studies found the

“ coefficlent relating variability fto reserves to be sighificant [
and well-behaved. This confirms an imporiant thrust of recent
theoretical wo;y.

Thi variable which has had the longest history of empiricgal
testing in reserve studies is trade in one or othe; of its many
guises: exports, imports, total' trade, adjustéd net forelgn
payments, e;c. Invariably, the results show positive association
between reserves aﬁd tra%g. The quéstion has been whethef this

,E ' ;elationsh}p indicates that reserves are a function of levels of

trade in some way, or whether the association occurs because the

+ volume of trade is an indicator of the scale of foreign transactions,

It is probably a combination of both, In?ofar as the volume of
trade reflects increases in thc volume og/transactions or in the
prices of traded goods, the stochastic mgdels lead us to expect a

positive‘relationsﬁip. At the same time; for any given country,

the voluhb of trade 1s an indicator of the scale of foreign .

{

. S - :
(:) ) . - transactiong; the greater the scale, the .greater the reserves for’
. . /

transactions purposes, assuming all else constant.
/ ’

13
/

L




- obtained on the several measures of trade are a mixed bag.
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Granted tﬁat some relationship between trade and rcserves is
|

////tﬁ/be expected; what is the nature 9? the relationship? The

empirical work offers no definite answers, The coefficients
M

What some results indicate, however, is that a breakdown of
, ,

countries'by some épeqific categories (in particular, developed

and less developed) might be necessarycl-
I; fact, this pr}nciple probably should be extended. i

have argued, and so have others,2 that special features o%

Qeveloping‘countri;s should be incorporated into the fabric of

reserve theory. Apart from the relationshiphbetween reserves

and trade other kinds of distincti;n between countries have -been

suggested, For example, Flanders thinks that countries may fall

;nto two groups, differentiated by their subﬁective‘prefereﬁce

for risk.'5 JIn fa€t, peculiarities of each country's economic

st;ucture may be such as to conceal the true nature of rel;tionships

when datd{fdr several countries are aggregated., As an indication

of this, Kelly's study incorporated the use of dummy variables, one

for each pouhtry. They were all found to be significant. This is

" not to say that no.overall theory will fit the facts. General

: i

1 See J.lrenkel, 'The Demand for International Reserves by Developed
and Less Developed Countries', Economica, Feb. 1974, p.19. -

.

‘Agarwal, for example, T R

.
Fralin/d

3 otchere would argue that one basis for this preference |, <L

differential is the desire to accelerate development,

\
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disequilibria, we have suggested that flexible reserve management

88.

theories of reservés, or at least theories valid for countries

with particular characteristics, should still provide explanation§,

‘but the pérameter values may vary significantly between countries.

For this reason some writers (including ourselves) prefer tiﬁa-
séries analysis, applied to one .country at a time and allowing
for tests of the relationships as they apply to that country.

This review of the literature on foreign exchange reserves
hasﬂhighlighted some of the areas of difficulty in tﬁ; theofy;
We will conclude with recapitulation and further comment on a
number of these issues.

First, we . consider the\pu;pose for which reserves are held.
We have insisted throﬁghout thié study that countries should
regard reserves as a precaution agai%st unforeseen sho;b—run
disturbances, apart from the predictable transactions requirements.
We have specificaliy excluded accommodafion of fundamental
disequilia, majo; national catastrophes and/ﬁassive foreign
exchange speculation. this conception of dhe problem has begen
challenged by some of the arﬁicleg reviewgd, Reserves cannot
finance a fundamental disequilibrium, bué they may finance foreign.
payments while other adjustments are beigg made; and some monetary

éutnorities may wish to anticipate the other contiﬂgencies. There

ie no conceptual- difficulty—with factors—in the second category—— —-

but the probability of their occurrence is difficult to estigate,

and the calculated optimum levels of reserves may be subject to

. Very large margins of .errore. AF to the treatment of fundamental

L]

might accommodate this contingency within the limits of a mode
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which specifies the limited objectives which I.have chosen.

Second is the definition of reserves. The points at issue -
whether to use net or gross reserves, private as well as official
reserves, and the balance of liquidity and risk in forelgn assets - '
have been explored in our study and elsewhere.1 It 1s an area

where further wprk is urgently needed,

Third, more work is nee the systematic determinants of

reserve variation. The use of variables 1ike and lagged
values of reserves is unsatischtory. An explanatory equépion

which incorporates the effects of economic states anﬁ/polipies

i T
) o

together with random variation is requireds_' "\

— -~

Fourth, assumptionslrelating to large metropoli;;H\Eﬁuﬁiiiiﬁ?\\\k
and reserwve currency coﬁntries have seldom been includgh, méihly
because o{ the difficulties in dealing with repercussions éf'ono
éountry's actions on another and the treatmenQ\;;\%éfeign;gggpanéé
liabilities. : o . \\\\\\i\\é\\
"Pifth, there is the problem of aggregation. The optimim
levels of reserves as viéwed from each country's standpoint, Qith i
given structure of the world payments system may not lead to an
optimal level of world liquidity; Moreover, changés in the l9§e1
of payments restrictions will alter the calculated optimum level
of reserves for each country,
Sixth, the theory must be extended to cover a wider range of

policy options. There is a dichotomy at present in that the

analyses which cover a wide ranbe df options do s0 at a high level

1 ' ‘
Chapter One and Williamson, op .gite pp. 687, ?739.
, N ,
+

u




. concerned: the modifications required to make the theory

%0 \ o \

of abstraction, while those which are less abstract

. N

general.
'he seventh point of issue concerns one particular
adjustment mechanism, inducéd capital flows. The eff

interest rate policy on capital flows needs e explored,

//
Eighth, there is need for further work on the dynamggc aspects
/ *
o ?

of the theory. Particularly suggestivé areas which have been
focus of recent attention have been the model of intertemporgl
adjustment (Britto and Heller) and the optimal growth path o;
reserves (Niéhans). .

The ninth issue is the one with which we are specially

relevant*to developing countries. The special features'of

developing countries have been recognised in a number of studies,

Stress has been laid on their underdeveloped capital markets and

-financial institutions (Spohmen), the higher elasticity of their

reserves with respect to trade (Frenkei), the highe} opportunity
costs of reserves because of the relative scaréity of ;apital
(IMF, 1953) and the structure of trading patterns (Flanders),
Howeyer, the only models with which we are familiar which focus on
developing countries are those of Agarwal and Otchere., Agarwal's
égdel, as we noted earlier, suffers from a relatively unsophisticated
distribution function for reserves. Otchere's difficulties are
(a) that he does not explore rigorously the construction of his
opportunity locus for various foreign exchange portfolios and

(b) that he is unable éo say specifically what the relationship is
between the gxpeéted level of utility and the :williﬁgnegi to

promote development!',

PR 2

1
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+
-

The theory of optimum reserves still has a long way to go.
The most that any oOne study such as ours can hope to achieve is

to provide some fresh suggestions and new insights into pai‘ticular

aspects and problems from the 1list enumerated above,

W
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( The model we are about to describe uses building-bl?acks which have

. o

. . " . X -
o become familiar in the course of the literature review of Chdpter Three. These
P .
are,one, the coefficient of sectuirity, measuring the insurance against stock-
out at each reserve 'level; two, the opportunity cost ‘of each reserve stock;

and three, the costs of balance of payments adjustment. It is in the way that

these elements are measured that our model differs from those just'described.

A,

N b .
The differences consist of the intwpduction of economic determinants of the

coefficient 'of security, specification of costs in terms of rates of growth
L

and a method of solving for the optimum level of reserves for a single &»;-
; \ Tgountry. The rationale ffor these innovations was given in the first Chapter.
; . . ’
We begin with some preliminary remarks on the problem of reserves in

developing countries and in Jamaica in particular.

“a

s

-~

P .
Perhaps. the first q:>stion to be asked in approa'c\:ping the medel-building
; ﬁé}i{ercise is whether we ne¢d a special theory of reserve holding for under-

- developed countries. Among the reasons which have been suggested for viewing

-t

[ the liquidity of underdeveloped countries as a special case, we find:  the ~
. ' [P

° . %
relatively greater importance of trade in their economies and their ?d

3

vulnerability to fluctuations originating in :the rest of the worid; their highly
N - . i¥ie

_specialised export trade and their émater conéentration on voldtile prim?
a v

° 3

LY

ﬁmducts; the fact that their imports ane less "compressible_";l the‘j_i:t they

have iower levels of reserves to begin with; and the higher opportunity.casts

of reserves in underdeveloped countries.?

P
o v

1y |

L © 1 hat is, there is less scope for trimming imporfs without- reducing domestic

s ) . production. o

2 :June I:landers, The Demand for Intermational Reserves, Princeton Studies in
O International Finarnce, now 27,. I. i

n

)
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¥

Jamaica, like many underdeveloped countries, would qualify for specidl

attention under a number of these headings. We may recall from our earlier

survey that the Jamaican economy is characterised by very high levels of

external trade-and by export specialisation in three main areas: bauxite-alumina,

tourism and sugar. Two of these gre primary products and all are subject to external

forces (though the degree of price fluctuation in mining and sugar is reduced
by special marketing arrangements). In addition, on the import side, the ﬁigh
’proportion of food and essential raw materials in the total import bill is

a constraint on import cut-backs. However, we wish to concern ourselves
partﬁcularly with the oﬁportunity cost of holding reserves. We argue that
this cost is not appropriately measured by the interest intome foregone in
countries where the ratic of investment to fixed capital formation is high.
In such cases one must deal with the effects on the creation of additional
capacity:' From the point of view of the authorities, the most relevant
alternative to holding.reseryes is to acquire real foreign resources so as

to accelerate growth and development. We therefore sugges; that in
underdeveloped countries with a foreign resource constraint, the appropriate
méasunp’pf\opportunity cost of holding %eserves is a certain ra%é‘of growth.
Furthermore, the benefit of holding reserves, which is the“?ost od using
alternative measures to cure a payments disturbance, is also to be measured
in terméofarate of prowth. Cornventionally, t;is latter cost is megsured

i& terms of income variability,‘which is assumed 'to have;g qértain disutility,

- I‘ i - v

with this disutility to be minimised. If growth’is the QQerridihg concern,

M4
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however, then the disutilitfvmay in all cases be minimal, if it does not . . // ’
!

depress. the rate of growth. Hence  the rate of growth becomes the appropriate
. .

measure of the cost of alternative adjustment.

A word of caution is necessary. While we would maintain that this

method of measurement is preferable to previous suggestions, it is itself
7

i

a drastic simplification. For one thing, it assumes that there is the actual

,

or ﬁbtentidl ability to absorb additional foreign resources (or to absorb

foreign resources at an accelerated rate). It assumes that foreign/ resources

A

will have the same effect whether they originate from export earnings, from

the use of accumulated foreign assets or from foreign capital inflow. It

assumes that developmernt is the overriding objective and in practice, it
makes the usually invalid assumption that growth rates are a reljable measur
of development. Because of these limitations, the method must be applied fin

a tentative and exploratory manner, with due allowance being'given to qua
: CT

: /
tative as well as quantitative analysis. ] / .
The Jamaican experience with foreign exchange ngserv7é has bee

N . /
atypical. If we look at the official holdings of foreign .cuxyrency (incJuding

) j .

securities, bank deposits and drawing rights with the IMF) ?E find tha

* ‘ “ e
reserve levels have been consistently high ever since the eftablishment of ‘///

The Bank of Jamaica in 1961 (and beyond). This has been so despite a/persist-

ent and growing balance of payments deficit on current acgountl. Tha/yt
say, capital inflows have more th;n compensated for the current accopnt
deficit, with the excess being accumulated in the form of £
reserves.

It seems rather anomalous that a county

[y

whose “growth is constrained /
\

7 ‘
lBank of Jamaica, The Balance of P;yﬁE;:; of Jamaica, 1964-70; 1971 ; 1972, /

. \
’
. '




by the availability of foreigz/nesources should hoard foreign exchéqge rather

than use it to secure additional foreign inputs. In order to explain this /////
{

behaviour fully, we need ang&e;s to the following questions: (a) are thi////

/ X . :
existing reserve levels necgssary to meet expected contingencies? (bf/;s there

a limit to the domestic capacity to absorb foreign resources? (¢) is there a

. - !
cost to converting foreigp reserves into real foreign resources? (d) is the

accumulation of reserves;the result of a misguided development policy (for

< .

example, total dependenge on ‘foreign enterprise to the neglect of local

B
.

enterprise?)
‘ / o . .
This study fs immediately concerned only with the first of these
e ) :
questions, that is, #pfaetermine the level of reserves appropriate to stated
,/ N 0

objectives. ggwéger, the policy decision which will be taken once we have some

notion of-an adequate level of reserves will be a decision determined by all

the factors mentioned.

<The Components of the Model
///// Let us outline formally the model for determining the level of

reserves which éiil secure the optiﬁal rate 6f growthl It is that level of
reserves which wil]l minimise the expected cost, in terms of a potential rate
of growth, of financing net demand for foreign exchange. Assume (a) that we
have only two alternatives for accommodating net demand for foreign exchange -
reserves and internal adjustment; and (b) that any positive net demand for
foreign exchange is met first by rese;ve‘depietion and that internal adjustment
}s a consequence of reserve exhaustion. For the moment; we define internal
adjustment to bé the passive adjustment mechanism (by way of income and

employment reduction) which will eliminate .the anticipated deficit in

' ' //””ﬂﬁq—_;‘“‘#\\\‘
0

]
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_by the cost function Cl (R -D)f where C

96 e /

foreign recgipts.,

We can write an equation for the expected value of the cost of holding

.reserves equal to $R million when net demand is equal to $D million:

o>
4-1. eem = fe J(R™D) @ (D) D+ £c2(n ~R) ¢ (D) dp
o )
where ¢ (D) is the distribution function of net demandl. The first term
on the right hand side is the expected cost of actual reserves held at the

end of the period; the second is the cost of internal adjustment. The

"equation gives total expected costs as a weighted sum of the cost of reserve

holding for different levels of net demand for reserves up to the point where
reserves are 6ompletely eihausted, pl:s a weighted sum of the cost of

internal adjustment to net demand for reserves-over and above the current
level of reserves. The optimal level of reserves is that level which minimises

the expected cost.

This equation is developed in the following fashion. The first part

-of the cost, the cost of maintaining the reserve stock, derives from the

expected value of the reserve stock. The value of the reserve étock at the

L]

end of the period is the initial value of reserves, R, minus the net demand

for foreign exchange during the period D . The cost of this stock is given
1 Qill actually be measured in terms
of g, the rate of growth. The expected value of this cost is given by

J\Cl (R ~D) 9 (p) dp,

.

since D is the only variable subject to random movements, R‘being our policy

control variable. If reserves are completely exhausted, this cost is zero, so

——

1See J.H.G. OliVera, "The Square-Root Law of Precautaonary Reserves", Journal

.of Political .Economy Sept/Oct, 1971, Appendix c.
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. " the cost will have non-zero values only when D is smaller than R, D may there-

SNt ST T

“fore vary from any negative value (however large) through all positive values
smaller than R. This fixes the limits of integrafion for this part of the

W .

%“ expression and yields a cost of maintaining the expected reserve stock as

R
' fc (R-D) @ (D) db.
e -
’ The second part of the -expression is derived in analogous fashion,
although 'in this case there w1ll only be a non-zero cost if D is greater than
R, that is, when reserves are completely used up. This follows from our
assumption that internal adjustment begins only when reserves have been run

-

doyn completely. Thus we have that the expected cost of internal adjustment
is o A ' )

fcz(D-R) g (p) db
where D-R is the amount of adjustment needed, 02 is the growth-cost of adjust-
ment,’and D may be taken as any positive value greater than R.

What we can say about each element of the equation? We need to take
expected value because we are deallng w1th a situation of uncertainty. We cannot
know precisely what the demand for foreign exchange will be ahead of tlme. We
will therefore have to address oqrsglves to the task of finding a distribution
function for th&s variable. .

We will return to this task shortly, but first we look at the cost

functions, ¢, and cye c; (R-D) is a function which gives a rate of growth

associated with an amount of foreign resources equal to (R-D). More accurately,

it gives the additional rate of growth which an additional (R-D) of foreign_

" pesources would make possible.if these resources were made available over a

~

. .
stated time period. ' (R-D) is of course the amount of foreign exchange

‘ regerves which remains idle after we have taken care of the net demand

o
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for foreign exchange. We have a range of costs for every reserve level from
b = .

infinity to zero (D goes from minus infinity to R); we weight each of these costs
.8 .

E

by its probability of occurrence. The resulting.sum gives the expected cost
of holding reserves.

t

] In order to make the function relating (R-D) to the growth rate easily
- [ .

s <o

“manageable we begin with the simple notion that foreign requirements are the

o g

difference between receipts (represented by

w

exﬁorts (X)) and payments (represented

by imports (M)), so that

i

4-2, Ft = M, - L
where Mt and Xt are the import and export levels associated with a level of

income Yt with existing structures of production, exchange and payments. If

we assume that imports are a function of income alone, we have

y-3, Ht =M (Yt)
and .
Y-l Ft- = M (Yt)‘ - Xt) :

Let us say that we are now in year zero and that we require income to grow
at 100g% per year to year t.

. ‘ !
- '
!

- t
c : §-5, . Yt s YO (1+ g)
) We have therefore !
'(ﬁ q
4-6, Pt . = M [Yq(l t g) -x‘t

which gives us the foreign resource requirements in year t as a function of the
rate of growth g if' we know Xt. We can sum the equation over all t within a

planning horizon to .derive the foreign resource requirement for sustaining any

growth rate. This is, in essence, the method popularised by Chenery and his

\
various cllaborators .and used by UNCTAD-in its survey of foreign assistance

’

lThe best known being H. Chenery and A. Strout, "Foreign Assist@nce and Economic
Development", American Economic Review, Sept. 1966 , pp. 689-691.
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Some crude estimates of the growth potential associated with 1ebel§ ,
of foreign input caﬁ‘be devised at this aggreg;te level, but the results must
be viewed with extreme caution. The main qualification is that the aggregate
analysis assumeé that the parameters of the economic- structure (which determigp
the link between income and imports in this simple formulation) are known with
some degree of accuracy. Since the process of development in underdeveloped
countries.is a process of structural change, however, these pafameters wi;l
be subject to change. They can only reasonably be predicted by disaggregated
sectoral aéalysis. A second qualification is that the rate at which foreign
resources are disposed may be altered with different effects on the overall
growth rate even when the total resources available are the same.' These

,considerations are introduced to.indicate the more detailed analysis which
would be required so that our method could yield less tentative results.

The cost c2(D-R) measures the reduction in the current growth rate

which would result from internal adjustment to eliminate an ex ante foreign

o

exchange deficit equal to (D-R). By assumptien, this cost will not be incurred
s p
unless net demand for foreign exéhange exceeds the current reserves levels.
The costs of adjustment with which we are concermed afé those whiéh.yill.result
in lasting damage to the production systeﬁ. We should include all distortions
in the allocation of resources, shortageshwhich delay projects to expand capacity,

projects which are started and abandoned because of chapging cost conditions

.(particularly the cost of credit), the demoralisation of edtrepreneﬁrs which

%

<

1UNC'I‘AD, Trade Progpects and Capital Needs of Developing Countries, N.Y. : U.N., 1968,

.
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may have long-run effects on the ;bsorptive capacity of the ecomomy and

all other factors which will reduce growth potentiai by reducing the efficiency

of resource allocatién. In addition,athere'is the straightforward loss of

foreign resources which'were necessary to sustain the expected rate of growth.,

et us begin by considering this latter aspect alone. We first establish the,

’:;7iate of growth associated with“expected foreign resource availability; we

can, then determine what sacrifice of growth will result from a re&uction of

(D-R) from this amount. This is the minimum growth cost of that reduction,

since there will be additional growth sacrifice to the extent that welface

allocative inefficiencies of the kind suggested above,

We must now determine what the net demand for foreign exchange will
be over the next year; or réther, we must find the probability associated with
a given net demand. The method is to devise statistical interpretation of
recént experience to develop inference about this demand. We are dealing here
with the net demand arisiﬂg from &érket forces [4s0 that\we need to assume that
there is no policy of active intervention to cause adjustments in the levels

. ) ‘ .
of foreign exchange held. During the period from which we draw. our Jamaican
data no policies of this -kind weré pursued, so that this assumption d;es not
violate the facts of the case.l N v ‘

’Difficulties arise with tﬁe attempt to’explain the movement of net
demand. Changes in net demand afe identical to changes in the level of foreign
exchange reserves (with an opposite sign) if we include the demand on capital

as well as current account. Our task is therefore to devise a statistical

explanation for the reserve series. There are a number of alternatives. One:

- . ‘

%See Chapter Seven.
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possibility isbemploy the autoregressive equation which Archibald and Richmondl;ﬁ
have tested with good results for a large number of countries. It describes

the reserves series as a function of time and a lagged value of peserves; from

-
Il

this the authors are able t& derive a mathematical expression for the proba-
bili;y of net demand, though they are forced to make a’very broad approximation.

As an alternative to this method, we can attempt an‘economic explana-
tion of reserve mdovements. What we should like to have is‘a complete descriptién
of the economy. .which we could employ to determine the effect on any dependent
variable of given values of state or instrument variables.

In fhe next chapter.we~develop at some length our notions as to the
predetermined variables which serve to explain reserve movements and the nature .
of the relationship between each of these variables and reserves. The objective
‘there is to develop a strong a Eriéri case for the usitaf a five-variable
regression equation to describe theyreserves series, with exports, money -supply,
(capitél inflows and government expenditures as the explanatory variables. The

equation is used to predict the movement of reserves for some future time period

and to derive the confidence intervals for this prediction. These intervals

.are then used to evaluate the probability associated with any level of net demand,

R B

defined as the difference between the expected value and any other predicted value

which has a probability of occurrence. The predicted level is, in this case, not a

single point, but a number of points, each associated with its own probability.-

This is illustrated in diagram y-1, for the case of one exogenous variable
(X) and a straight-line regression. The current level of X is X,» and our

projection is to be based on an X-value equal to Xi., The point prediction of

lG. C. Archibald and J. Kichmond.i"On the Theory of Foreign Exchange Reserve
Requirements', Review of Economic Studies, Dec. 1971.
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reserves (R) i§ ﬁi’ but there.is a distribution function associated with this «

: value, illustrated on our diagram by the bell-shaped curve. Thus values grea{ér &
or less thanlag are possible each with a different probability of océurrencel.

The net demand for reserves consists of an amount (ﬁi-Ro) which we will call

Fhe trapsactions demand: and an additional unspecified amount (negative, positive

or zero in value) which we term the precautipnap} demand. It is the precaution-

ary reserve whiéﬁ appears as D in FEquation u»l.‘ The "R" of t&a; equation is

g A . L]
the predicted value of reserves (Ri)’ which include the estimated transactions

demand. . " N

Once we have estimated the parameters of tﬂe equation e#pressing the
total costs of adjustment, we can differentiate to find the value of reserves
which will minimise this cost. The resulting 'optimal' level of reserves will
be- too high, becausé our discussion so far has not taken into account all the
possible responses to a temporary foreign eiﬁhangg deficit. Expenditure switch-

1ing policiés and measures to finanée the deficit may reduce the cost of running
out of reserves. ‘o
Expenditure switching policies - multiple exchange rates, tariff

adfustments, quotas, prohibition - reduce the demand for foreign inputs in two

ways. First, we can 'compress' imports. There may be very narrow limits to this

policy, however, since it may not be possible to reduce imports very far without

iphibiting the country's growth. Some indication of the possibilities and
limitations of this policy may be had by decomposing impofts by economic function
and establishing a hierarchy of items, with those whose loss will most directly

affect growth rates at the top of the 1list. From this we can make some assessment

(:) 1There is no_probability density associated with any of the points in the interval
surrounding R,; in practice we estimate the pvobability associated wlth a small
interval centred on these points. -

" el T T o’
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of the amount by which imports can be reduced without significantly affecting
growth. To be'realistic, however; we must also take account of other factors
which may put difficulties in the way of reducing imports. For example con-

sumer imports may not be compressible because there are long-standing prefer-
ences in favour of certain imported items. ‘

The second aspect of the espenditure switching policy has to do with

re-ordering sectoral growth rates in favour of activities with lower foreign

resource inputs. If the country is produc\ng efficiently in a situation where

o

growth is limited by foreign exchange earnings, it 'should be impossible to switch

production in this way without impairing growth. The most efficient growth patH

-in such a situation would be one which adjusts sectoral growth rates 'in

i

such as way as to minimise the use of fdreign inputs for any given overall rate
of growth. If this efficient growth path is already followed, any reducéion

of foreign inputs would necessarily reduce the rate of growth. 1In practice there
is usually some region within which.changes 1Q1foreign inputs may not hawve a

very significant growth effect, but increasing deficiencies in iﬂpups of foreign

résource can be Qypected to have increasingly significant effects on the rate

-~ [

of growth.

Expenditure switching policies have a positive cost in terms of the

. growth rate, if we make the assumption of efficiency. For a givefi economic

N »
structure, given set techniques and given policy instruments, a certain rate

of growth will require a particular level of foreign resuurces; fewer resources
will meén less growth, unless we remove some of the constraints or alter

some of the parameters. Thus we have to compare the growth sacrificed by

expenditure switching with growth sacrificed by the alternative means of"

responding to the foreign exchange problem. ‘ ‘
9 ff;- l . --
Short-term financing may provide an alternative means of accommodating
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net demand for foreign exchange. Again there are costs involved. Unconditional
finance - loans and credits with no s%:ipulqtfons as to how and when they

should be spent - involveX only repayment costs. Repa);ment costs will depend
on the size of thé loan and the conditions of repayment. Conditional finance
on the other hand, will involve effi'ciency costs as well. '{'he real cost of

a given amount of foreign input may increasé because. it is no longer possible
N s P

to obtain it from the cheapest source; or sectotal growth rates may be thrown /
-
out of line because finance is available for some sectors and not for othgr‘s{”/

- T

or trading patterns mus+¥ be_ra-adjusted because it is not possibie to finance
oy < o

-, —

trade with each 'ftra&‘i(f;g.partner to the required degﬁ;e. Again assumﬂing that
we begin with an vefficient pattern of growtfm, such ci)isr'uptiorns will reduce\ ,
the growth rate which is now possible. ’

The question which must be answered with respect to both expenditure
switch;ng and finaﬁcing, is whether the cost inv?lved for a giverr exchange
defi?:if, is greater than the cost of internal adjustment. We can suggest a

%

decision qufle which would lead to t_a minimum-cost policy package to be used in -

5

the event that, we run out of reserves. First we must decide what finance is

available from what sources, and at what cost; we must also determine the cost

associated with expenditure switching of various amounts. Then we can employ

-
h

financing and expenditure switching instead of internal adjustment so long 3s A

w

the growth cost involved im either of these alternatives is less than the growth

"sacrifice involved in using internal adjustment sufficient to have the same effect.

We can, in theory, replace the cost function C ¢ {(D-R) by a function which repre-

t
i

sents the costs, not of internal adjustment alone, but of a policy package which

includes some financing and some expenditure switching as well.
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Summary of the Method for Determining Optimum Reserve Levels

*It remains now to demonstrate how the elements of the model can be put
toggther to arrive at a value of the optimum reserve level. Essentially, the
task is to fix the parameters of Equation #-1 and to find its minimum point.

('The regression analysis on the determinants of R is used to test our
hypothesis ;hat @ (Dj is a normal distribution. If this hypothesis is not
supported by the data then it will be necessary to review this explanation of

v ;

reserve movements. If the analysis confirms that @ (D) is normal, the regression

“will yield a value for its standard deviation. Since we know that the expected
L , *

value of net (precautionary) demand is zero, this will enable us to specify
the particular values of the normal distribution function to be used in our
estimation.

.

We are examining the cost of different values of R, sg that R becomes

¢
" ]

the pbgdetémined variable in u4-1, with cost (g% per annum) as the dependent
variable. Since we now can specify each value of D and the probability weight
attached, we have the I‘eqlu‘ired»range of values fo;\ (R-D) @ (D) dp. me next
step is therefore to estimate: the parameters of the two equations linking the
costs (g) and the expected reserve levels after taking account of the precaution-

1 cost) thié involves lestimates

~of the propensity to import and the growth rate of exports; for the second

LS

( €, cost) 'it’ involves the complex of factors which determine the cost adjustment

\

for any m'a/gnitude of. adjzustment required.

Once we have these estimates the two integrals of 41 can be formed

o

and evaluated. In practice, limits can be set on the range of 'variation of D,
since the mass of the probability density will be  concentrated around the central

value. Our method is to chpose a\set of plausible values for R which reflect

& reasonable range of reserve h’oldings\hich the _monetar'y authorities would wish

e .l - " o - o
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consider and to determine the associated growth rate. From the plot of R- g
A

¢

pairs we 'can identify the minimum-cost reserve holding.

The shape of the R - g curve from ﬁ;}ich vwe deduce the optimum reserve

\
=

l¢vel depends crucially on the parame"{:‘érs of the cost curve and on the planning =

4 . :
horizon chosen. For this reason the relationship between reserves and growth-

becomes specific to the country being analysed, and the plot for Jamaica is

therefore postponed to Chapter Seven, after the necessary parameters have been

.

estimated.




ot

¥

i s AN

o

g

) §
. CHAPTER 5

Predicting Reserve Movements

B
B .
<
B R )
N '
o
k4 N
a
v
#
N
)
. .
N
L4 ‘
'
) -
W
“ B
' .
4 .
.
N N
. - 1
1
P 2 *
‘ .




cs

108

This and subsequent chapfers will deal with various segments of

i

‘the model in detail. Here we concern ourselves with the precautionary demand

for reserves and the ways by which it may be measured.

If we start from a reserve level of Rt’ the level attained n periods .
ahead (Rt+n) depends two facets of the deman% for reserves: what we call
the transactions and precautionary demands. It is with the precautionary
demand that this study is mainly concerned. The precautionary demand arises
because of the random disturbances to which the net foreign payments system

is subject from time to time; these unpredictable short-run disturbances are

—

precisely the contingencies.against which the foreign exchange reserve .
stock is held.

>

The precautionary demand for reserves, therefore, is that portion

of the net demand for reserves (over some interval n) which derives from

the random influences to which foreign transactions are subject. As we

demonstrate below, in our model this variable has a central value of zero,

»

but there are as well a range of positive and negative values each of which

has a measurable probability of occurrence. Part of our task will be to

find the values of this probability distribution th':ch are appropr'iaqt‘e to

the Jamaica situation. ' .,
TQe pattém of variation.of net foreign exchange earnings is not entire-

1y random, however. N_'rhene is a systematic, predictable element which |

;ccomfs for our "transactions" demand, and only when we remove the _effect

v

of this systematic variation do we get a random statistic from which the
precautionary reserve levels may be derived.
We distinguish the btranséctions and pr:ecautio;:ary demands by the

nature of their origin. The transactions demand arises out of the normal
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imbalances of day-to-day transactions. Receipts and payments are seldom

matched within a given accounting period; nor are they balanced with each

trading partner individually, Much of this imbalance will be taken care of

by credit of some kind, but the remainder will be manifested in changes in

the stock of exchange reserves. On the other hand, there is the precautionary
- demand, which results from unforeseen changes in foreign transactions. Pre-

. .
cautionary reserves are therefore stored up against the possibility of failures

¥

in export crops, trade or payment restrictions by trading partners, inflationary
spending on imports. Precautionary reserves can be used in these circumstances
to ride out the disturbance (if it is temporary) or to buy time to make other

adjustments (if the umderlying economic conditions would seem to warrant it).

The Transactions Demand ' /

- If we observe month to month variations in net foreign transactions’

in Jamaica over a number of years, we r{otice a definite pa’tterﬁ. The year
bé'gins with net payments to foreigneré; a period of net receipts follov;s,
and.is in turn succeeded by a period of net payments towards the end of the
year. This pat.tert; is what we would expect. Foreign receipts and pl:iyments*“
do not coincide. Consumer expenditures on imports, for example, reach their
maximum at Christmas time, whereas most export staples are bringing .in ,forei‘gn
exchange in the second quarter of the year.

. .

The variations in the levels of féreign exchahge reserves will
reflect the pattern of net foreign transactions. When we cbserve the reserves
at the end of each month, therefore, we can deduce from the usual pattern
’of fc:-ra'gn transacti:ons what futu;'e variationswill be, provided we neglect the

influence of chance fluctuations.

It is from this gystematic variation in the demand for foreign exchange

b, W

i
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that we derive the transactions demand. The transactions demand is ‘that'
amount of foreign excha—nge requimd to meet the typical pattern of fluctua-
tions. In addition, if we can predict any disturbances in the typical pattern,
we can alter our eétimate of the transactions demand accordingly. The’
transactions demand may therefore be considered as the expected value of

\

the net demand for foreign exchange at any time. Before going on to examine

how these expectations are farmulated, we introduce the precautionary demand. ‘

h ]

The Precautionary Demand ‘

N «

‘The precaufionary demand for reserves is derived from the expected
size of the deficit which may arise in the balancé of payments in the given
accounting period once we have taken account of systematic variation. A
number of alternative approaches ha\;e been taken towards this estimate. Some

analysté have madé it a function of the largest deficit recorded in a certain histori-
r - R '

cal period during which the economy has shown no major transformation. Alter-

[3 \
natively, we might fit a trend to the balance in external payments and calculate

an average deviation; this might then be used as an estimate of the change .

in either direction which might be anticipated from the current period.

+ * N

These earlier approaches, however, lack the precision of the measures
which enable us to make probability statements about the levels of precautionary
demand. These latter measurements use historical:data to estimate the . -

variability of reserves and then use theorems on the probability distribution

of these disturbances to calculate the degree of risk associated with each

]

level of reserve holdings.

The mechanics of the operation can be illustrated by the use of the
e ‘ . .

accompanying diagram, which represents the probability distrihution of reserves.
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% Reserye variations can be assumed to be randomly distributed about their
& expected value R, and their variation is assumed to bé subject to the same
[ o
3 influences in the current period as in the past. The standard deviation of
.’&-‘ ': i
? the distribution is therefore estimated from historical data. _If we start
: 1 . ' )
; with a reserve level R , we can calculate the'probability that reserves will
: : :
- fall within any chosen range on either side of this central value. Armed
5
: with this informati can derive a complete description of' the values and J
probabilities of occurrence of the who e of precautib'nary demand.

Certain simplifying assumptions will have to ‘\maie in order to
derive actual figures for the probabilitie‘s associatedr withl various levels
of precautionary demand. In particular, we will have to assume; that changes
in R will not affect the shape of the probability distribution.
We' may infer that, for a given reserve stock, there will be a greater
) risk of rese;‘ve exhaustion if net precautionary demand is large reldtive to
* that stock. We have not 30 far had anything to say about the factors which
influence the degree ;f ris‘k policy makers are prépai‘ed to undertake under
these uncertain circumstances. Thep degree of risk aversion of the exchange
authorities will be governed by their perception of the consequences (not by

any means solely economic) of alternative policies towards short-run balance

of payments difficulties. We can identify some of these alternatives, and

we intend to say something about their costs as compared to the cost of
holding exchange reserves.

We should perhaps note two implications of the analysis as-we have

k33

Q J'In _subsequent analysis we show that R ié the expécted value of R and is
the algebraic sum of initial reserves Rt and the transactions demisd for
reserves, : -
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outlined it. One is that we do not take into account the possibility of
disturbances which last for more than one year. It must therefore be inferred
.that any deficit which persists beyond a one}year pemriod requires other means
;)f adjustment. A second impli'cation.is that major disturbances which occur
only once within the whole period will create a special problem. If the
disturbance occurred in the past, and is not likely to recur, the coeft;icient
of variation of the series may be inflated, and the target level of reserves
may be unrealistically hi_gh.. The obverse of this reasoning is that our
_calculations cannot take account of major disturbances which have no antecedents
in the historical data. Again, alternative measures may be needed to take
care of such occurrences. This latter issue points up the limitation inhergnt

in an.analysis which uses the past as a guide to the future. In the final

analysis it i% the policy makers who must judge the validity of that assumption.

Predicting Reserve Levels

" We wish to combine the transactions and precautionary demand fc;r
reserves in a single explanatory equation with. predictive power. The equation
must explain both trends and seas‘o'nality in ’tixe pattern of reserve movements.
Let us say, for example, that A.ugust is the month when reserves normally have
an "average" value for the year; that is, in August the demand and supply
of foreign exchange are just balanced, and there is no accumulation or decumu-
lation of reserves. We require an equation such that, by plugging in the
val}'xes of the explanatory variables which are appx;opriate for August, we
derive a value of zero for geserve changes durinAg ‘that month.

"l'his however neglects the possibilities of 19ng—mn trends. If the
country is accumulating reserves over the long period, for example, evel’r;‘iwh;n

net foreign transactions becomes negative { with respect to the year's

average) , -reserves may still remain above their initial level at all times.
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This possibility that reserves are moving on trend must also be
accommodated by our explanatory équation. We must be able to deduce the tr'e‘nd
by using a;ﬁi“bgriate values of the explanatory variables. Lét us say that
trends are measured by'comparing year-end data; them by putting in the values
of the 'explana‘tor'y variables at the end of the ‘Gurrent year we <-:an derive
a value of reserves whi:h willl be bi'gher fhan the reserve levels of last December
if there is an ui>ward trend and vice versa.

We turn now.to the outline of such an equation. Take the balance

of international payments for any one month. We have

B =Y - E, ,where B : balance of payments;
Y : national income;

i
E : national expenditure;

This equation is familiar from the‘so—called "absorption" approach to balance
of paymenté fileor'yl. The forjeign balance is simply the difference between
the total income of nationals and their total expenditure. This formulation
takes for granted the equation of domestic supply and demand; so that if income
exceeds expenditure there will be excess suppty to the rest of the world and |
a balance of payments surpluys (B is positive). Conversely, expenditure in
excess of income implies excess demand for foreign.g'oods and a balance of payments
deficit.

_From our earlier definitions (see (,:hapter One) we nhave

AR = . B uher;e AR : 'change in reserves.

In order to derive an operating equation we must transform these identities

into behavioural relationships, and specify the factors by which we can account

1See Sidney Alexander, 'The Effects of a Devaluation on Trade Balance' and Ha;ry
Johnson, 'Towards a General Theory of the Balance of Payments' in American
Economic Association, Readings in Internatiodal ‘Economics, Irwin, 1968.

]
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for levels and variation of income and expenditure.

' ’ ' Income and expenditure depend on levels-of national economic activity
which may be represented by certain state and policy variables; that is,
variables which are either to be set by policy makers to attain sonlre specified
goals or to be taken as given. We postulate the use of four such variables.
Two of these, exports during the month and capital inflows daring the month,

are largely determined as far as domestic policy makers are concerned.1 These

7
L
i
&
H
3

variables represent the impact of overseas influences on the economy. .The other

.

two variables represent policy instruments: money supply, the monetary policy
vax':iable, and government expenditure, the %isca,l policy variable. We have
therefore |
B = B(X, K, AMS, G) where X : expo\rts;
' * K : capital inflow;
A MS : change in money supply2 .‘ :
G : government expenditure

The balance of payments in any month may be expressed as a funetion of the four

explanatory variables by virtue of the fact that these variables are the principal

determinants of income and expénditure (and hence theé difference between them). It

. follows that ‘
) AR = R(X, Kk, MS, G).
This equation in its exact form, and apart from any errors in variables,

will yield the change\ in reserves (from any given initial value) which results

from the transactions demand for reserves. This ‘follows from the fact that A

-

1'I'hey are not entirgly pmdetemine;l. For example, government can alter the
level of official capital inflow, and there may be some leeway for manipulating
‘ export quantities and prices. , , .
?-\2He use changes in money supply because all items are expressed ds flows rather
than stocks. - .

-
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transactions demand has been defined as the predictable element in the demand
for international means of payment. In order to incorporate the precautionary

demand for reserves we must state the equation in stochastic form. The
£

stochastic disturbance term is what accounts for the need to hold precautionary
reserves. The demand for precautionary reserves (which may be positive, zero
or negative) is measured as a deviation from the expected value of reserves.

n

after the transactions demand has been a'ccounted for.
Let us assume an initial reserve level of Rl’ a§sociated with levels

of’expor‘ts, capital inflow, money supply and govermment expenditure equal to
Xl, 1(1, MSl, and Gl respectively. Assume that the levels of exports, capital

inflow and government expenditure during the period of investigation are
respectively X2, K2, and G2,~ and that the change -in money supply is A MS. We

can find the change in reserves due to transactions demand as the expected

-

value of AR from the equation above. Let us call this amount A Rl We can

deduce the level of foreign exchange at the end of the period, taking account

of transactions demand only:

52 = Rl + 4 Rl where the bar indicates expected values.

We are not however certain that the value of R at the erid of the period will
actually be R2- R2 has the highest probability of occurrence, but other values

on either side of this central amount*may occur, each with a different probability.

-~

There will therefore be a range of values for R2 from minus infinity to plus

infinity given by

IS

R, = R ¢ BR, .+ AR, where AR, ': precautionary demand.

"In theory the p_recautionary demand varies from minus to plus infinity, but there

~ will negligible probabili):y density\associated with the extreme values, so that -
. - N
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only the values imedia’f'éi; subrrounding §2 will be significa‘nt. . -

It turns out therefore that the level of reserves at the end of the .
prediction period is‘ a random variable with a; stated probability distribv.;tion_-
Eac}; value ‘is: weighted by the associated probability and this weighted value
is the total which is ceosted according to thé formula of Chapter Four.

The problem with this equation is that the {)rn'esence of R and £MS
prevent us from predicting for more than a single period. If we use the expect-
ed value of R2 as a base for prediction 'ip the next time p‘eriod We can no
longer draw inferences about the probabiiity. distribution of the disturbance

teml. If the prediction period were made equal to the time period used in

*

the regression (i.e. one month) the model is not particularly useful to policy
makers, who are typically concerned with reserve movembents between three months
and one year ahead. There is therefore a dilemma between choosing .a model which

is a useful guide. to policy and one which satisfies the criteria for reliable

.prediction.

We suggest that that the dilemma might be o;rercome by redefining the .
time period when predictions are to be made. In the equation above, Kl"' Gl and
X, would be one-month flows; however, K,» G,, X, and AMS - the quantities used .
in projécting the demand for ;*esepves - would be defined as flows over a longer
period of perhaps three months to one year, as intimated apbve. So long as the
time period ddés not itself enter the equation a’s«‘?an";xplanatory variable this

-4
v

seems an acceptéble procedure .

lSee, for example, Carl Christ, Econometric Models angr Methods, John Wiley, p. 561

2The estimates of the prediction variance would still, however, be unreliable.

23
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There 'is however one objection. In speéifying changes in’ the

K 5¥ - -~

explanatory vamables over a year pemod for éxample weé neglect changes

which occur in the :mter'venmg pEI‘lOd but Wthh do not aff'ect the end— )
i
of-period value ‘of the explanatory variables. This raises the possibility

that even if reserves are adequate to meet requirements one year ahead,

, sharp fluctuations wi;chi;l:“i:his period could lead to reserve exhaustion.

i

N

‘ ’ e
One suggestion is that policy makers might take .account of this possibility

by recalculating the optimal r'esez‘level each month for w}\atever time

3
period has been chosen. This would; over vime, give a complete trace of

b

reserve levels for each month. b '
[

<

The Explanatory Variables

We have suggested four variables which will affect net foreign
exchaﬁge earnings in a deter'minate; and predictable way. These are exports,
government é:spenditums, money supplies and capital inflows. In this

2

section we will look separately at the ways<in which each of these variables

will cause the balance of payments to alter.

We begin by .making some assumptions. The first is that there is
{

a fixed exchange rate which is not altered by. fiat during the periﬁd of analysxs

'f’he second is that no new payments restrictions (import or exchange')controls)

— -
are imposed. Thirdly, there are no changes in the payments structure; that N

is to say, the financial system is not drastically overhguled, credit policies

and instruments ren'iain the same, there is no wholesale monetarisation of sub-

‘

St
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process. This implies stable consumption, investment/and- import propensities,

persistence of the initial structure of the produy¢tive sectors and stable

e

tax propensitiés. None of our hypotheses abogpt/he mechanisms of foreign pay-

ments can be tested if these assumptions d9 not hold. If they cannoct be tested,
4

the propositions are not useful; even if they could be said to hold in some

instantaneous sense, their effects would be indeterminate and unpredictable.

The Money-Supply and Foreign ﬁxchange Reserves

~ ) ,
We begin our“treatment of the relationship between the money supply

. / . . . .
and reserves with eguilibrium in the domestic market, the market for foreign

goods and servit}ea/and the market for financidl assets. The supply of domestic
goods and Seyd/ices suffices to meet the demand, earnings of foreign exchahge

are adequdte to the' foreign exchange demand, and the supply of financial

‘asset$ by surplus spénding units is at the level required by deficit spending

3 \h

¢
units, all at the current levels of income, prices and interest Eates, and with
% t 7

. - I3 ll . - ,- N -
fixed exchange rates, propensities to spgnd orr imports and domestic goods, savings
propensities and rates of taxation.

\ ) !
This equilibrium is now disturbed by the injection of additional

money supplies which may originate either from Central Bank policy or from

/ '
autonemous commercial bank action. “Our object here is to analyse the effects

of this injection on the 'go(ntry's foreign exchange reserves. In process of

doing so we sketch briefly the way’in which the whole economic system reacts

to the money supply change, , . : é

! .

The new money supplies may derive from Centra.L/Bank advances to .

commercial banks which form the base from which the h?fks may extend additional

domestic credit. Alternatively, t}?‘e’y may derive f;x{m the policies of commercial
. - . //’

A
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banks themselves. If/the banks hold liquid funds over and above their normal
or statutory requirements, then these funds could be used to increase domestic
gredit. In a small economy with a dependent fi;ancial system, foreign borrow-
ing may be a significant alternative source of finance for domestic credit.

If banks become aware of significant new avenues of lending which offer

+ . .
substantial returns, then they are often prepared to borrow funds abroad to

* undertake such lendingl. In this latter case, the process begins with a loss

of foreign exchange resévves, but this loss is sustained only if the new credit
is actually spent on foreign goods and servicesz. If the incremental expendi-
ture is directed towards domestic production, the foreign exchange represented
by the overseas borrowing will be held as part of the country's external assets,

and there is no net change in reserves.

- 3

We may divide the impact of the money supply increase into direct
and indirect effecég, turning-attention first of all to the direct effects.
", .

The new money will be uded to expand credit or to acquire financial assets,

*except for any portigf which is hoarded. The credit expansion, which would

/
normally be in excess of the initial money supply increase, leads to increased
— \ TUEE

expenditure on domestic and foreign commodities. The direct effects of
creating new money are therefore (a) hoarding, (b) acquisition of additional
financial assets, (c) additional expenditure on domestic gooda and services and
(d)‘aéditional expenditure on foreign goods and services. Clearly, then,

there is a direct impact on foreign exchange reserves, and reserves will fall

|

to the extent that incremental expenditure is directed towards imports?

v

lThis remains true in spite of current exchange rate uncertainty; Sinceborrowers —
can often be persuaded to accept the gxchange risks. -

2In fact, the implication of the analysis which follows is that new credit will
affect expenditure on both domestic and foreign commodities.

3 - : ‘ |
' If the credit increase was financed from abroad then this represents the portion of ‘
‘the new foreign indebtedness which remains a charge on reserves in the first gound.

I
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The direét impact on foreign exchange reserves may be augmented’

. by the acquisition of foreign financial’éssets, thougﬁ qather‘special circum-
stances would seem.to be needed to promote this eventuality. The banking system
will hardly use its own additional foreign indebtedness to increase its holdinés
of foreign assets, and therefore we may expect increased foreign asset holdings
only if the money expansion derives from Central Bank action. Given that this
is the case, the new blaims.may be shifted into foreign asset holdings if interest
rates abroad yield h&gher-rates of return than lending to potential domestic
creditors, or if there is & scarcity of domestic customers qualifying for loans
under, the banks' normal criteria .0f "creditzworthiness", or if foreign’ financial

0assets yield more than domestic financial assets after discounting fdr‘exchange

risk and ease of’c nvertibility.

; "We turn noW to deal with the indirect effects of the money supply

increase, whichjéome about through a reaction cycle, deriving from the increase

in domestic expenditure. This cycle will lead to secondary demands for foreign
exchange, through a multiplier pfocess.

We expect the increésed expenditure on domestic goods to generate
increased money income. If domestic industri;;yﬂave spare capacity and the
necessary co-operating factors are present it is then possible to expand real
output and income; otherwise prices of currently produced commodities will rise.
If prices do rise there may be some substitution effects tending to raise the
propensity to import. Domestic shortages and other rigidities would also tend
to increase the propensity. These factors apart; the rise in.income will itself

generate a new round of expenditure with an associated increase in the money

supply. The process is therefore repeated, with new acquisition~cf financial

assets, additional hoarding, new demand for imports and domestic output.

o

P
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Increases in financial asséts can be expected to be substantial

f

only if the money supply- increase derives from Central Bank action. It is

. 5, "
P

&

possible that finaacial institutions would wish to transfer assets from abroad
k3 to acquire domestic financial gss;ts in special cifcumstances where the
:%gﬁ domestic yield were substantially higher or where these institutions expected
to make gains from exchange rate movements. The narrowness of the domestic
market financial assets means, however thatthis would not be anormal practice
In the case where the Central Bank acts to increase the money supply,
commercial banks may wish to acquire additional financial assets to satisfy
normal or statutory liquidity requirements or because they cannot find enough
potential customers who satisfy their credit-worthiness criterion. The
commercial banks may acquire obligations of the private sector as well as
Central Bank deposits and government debentures and treasury bills. WNormal

commercial bank practice would suggest a bias in favour of the liabilities of

official bodies, but we will take account of both possibilities.

If new financial assets are acquired only to satisfy liquidity
. requirements, whether customary or statutory, the parameters of the monetary
system will remain unchénged. New financial assets would:be acquired as a

result of deposit growth which in turn will result from the growth in domestic

incomes. The acquisition of financial assets will therefore be no greater
than the income and expenditure cycle would warrant.

~ If however, there is an inde;endent desire tq hold additional
financial assets (because of the lack of suitable bank custsmerf) then there
must be‘some re-adjustment of the normal ratio of real to financial assets.

‘ 0 This will in turn have implications for the pattern of expenditure.
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Let us consider first the case where banks wish to hold new private
sector obligations. This demand can be ;atisfied only if ihe private sector
generates new deficit spending. In this case it may well be that aggregate
expenditure-will turn out the same as if the bank has expanded credit with
the funds used to acquire financial assets. However, the ratic of domestic
to import expenditure may‘now be different, and a greater proportion of the
newly created.money may be used to increase productive capacity.,

'In the mo;e normal case where banks acquire treasury bills and other
government securities a similar rgsuit may obtain. The outcome would depend
on government's expenditure pattern - whether it is more or less heavily ,
Qri;nted to;ardsé}mports than pri;ate sector spending, whether the new funds
are spent on capi%al projects and the degree of involvement by government
in directly productive activity.

It is‘of course possible that no new financial assets are forthcoming
from either government or thé‘private sector to meet the requirements of tﬁe
banking system. A rise in domestic interest rates may result which may not
only affect banks' desire for financial assets but may affect 9omestic
production and ‘the ratio of foreign to domestic expegditure as weil. In an
undeveloped market for financial assets, however, perhaps the more likely
outcome is a shift into foreign financial assets by commerciai banks.

Inelasticity of supply of financial assets may therefore aggravate the leakages

~ from the domestic system.

The ldst of the alternatives facing the commercial banks is to

increase their deposits with the Central Bank. To the extent that this.is. done,
- .

the original intention to expand money supplies is nullified.
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Without establishing whether or not a new equilibrium will be

attained, we can suggest the contours of any such equilibrium. If the
k parameters of the system remain unchanged, then the new money supply level

should bear the same relation to income as after all leaRages have

+

been taken into account. It is evident

-

lysis so far that the

net increase in money subply, and the
c [d

the leakages via hoarding, imports

increase in income will depend on
assetlholdings and holdings of
new Central Bank deposits. We can examine seﬁarately the new equilibrium
conditions for the real market, the market for financial assets and the foreién
exchange market.

To achieve equilibrium in the markét for commgdities without change
of parameters we must have domestic commodity suppiies increase (in money
terms) exactly in the amounts of the new injection into the domestic

expenditure stream. If domestic¢ output and domestic prices are both inelastic

in the short run then equilibrium cannot be achieved with the same economic

relationships as before. A disequilibrium situation may bersist with shortages
and bottlenecks in various domestic éctivities; perhaps more likely, however,
is the prospect that the difference between domestic demand and supply is
directed towards imports. This additional import demand will precipitate

~additional demands for foreign exchange which will ultimately have repercussions

" on the money supply and on income. A new equilibrium is still possible, but
only with changes in the relationships which define these economic interactions.

.There is disequilibrium on the foreign exchange market unless the /,,L/’///

increase in mone ' an_increase in expor ion. :So lon
g

¢

0 as money incomes rise at all, there will be an additional demand for imports

-
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and foreign exchange with which to procure them. This demand may be augmented
by any demand for new foreign financial assets. There is thus a continuous
charge on the foreign exchange reserves of the country,'unless new sources

of foreign exchange become available. Whether new money supplies will trigger
additional export earnings will~depend on the constraints on expansion in the

export industries. If expoft industries are constrained only by financial

considerations, then increased money supply will make credit available for'
their expansion. It is equally probable however, that export constraints derive
from considerations of market, technology and expertise, none of which will
be affected by the increased money supplies. We cannot therefore expect
foreign exchange equilibri;i uniess there is a shift in one of the parameters
of the system ‘

Financial equilibriyn requires that spending units generate new
deficits (and, as a res&lt, financial obligations) in the amounts demanded
by the financial system. We hav; noted already the possibi%ities and
limitations of expansion in the private sector. ~The public sector will/gen-
erate a supply of financial assets which depends on éovernment's expendiiure
policy as well as the effects of increased incomes, imports and expenditures bn
government revenue. If government supplies financial assets sufficient to
meet any .deficiency in private sector supply, we cannot conclude that equiiibrium
will ensue, howevgr. Thig quantum of government obligations may permit addition-
al govermment expenditure in excess of the spending appropriate to the new
level of income. The additional government épending will thefefoée generate
further incoﬁe inéreases and foreign exchange losses.

The general conclusion to be drawn from this analysis is that an increase in

money supplies in Caribbean economies will create a disequilibrium situation-

. with a considerable drain on foreign exchange reserves. This conclusion
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j s , derives from the inadequacy of free market adjustment mechanisms in any one of

the three markets just examined. On the domestic goods ﬁarket, the price

mechanism will not necessarily induce sufficient domestic supply response,

and there will be a tendency for import propensities to rise. Foreign

exchange markets are likely to be in disequilibrium because, with, a fixed

ex;haﬁge rate, no mechanism exists to ensure that new exchange earnings are generated
to compensate for the induced increase in foreign exchange spending. The

market for financial ‘assets similarly is unlikely to be in equilibrium, because

there is no interest rate mechanism to ensure that the supply of financial

-
t
€
S
hd
|
g

assets equals the demand. It is evident, moreover, that disequilibrium in each
market reinforces disequilibrium in the others, aggravating the already

severe drain ongforeign exchange reserves. '

\

Exports and Capital Inflows \
n 4

Existing regulations in Jamaica require that all export eérnings be

o

surrendered to the Bank of Jamaicé. Consequently, any increase in export

earnings will be translated ipto foreign exchange holdings in the first instance.

The domestic currency issued in exchange provides intreased income and increased
) sbending, including additional expendiéure on imports, thereby reducing the

net contribution which export earnings make towards the reserve stock.

5

The net addition to- foreign exchange reserves may in fact be very

small. The combination of a high marginal propensity to impor{ and a small

propensity to save will mean little addition to domestic productive capacityl;

-Most of the foreign exchange earned will be, spent abroad.

) If for example we take the simple Keynesian model where the multiplier is given by
‘ 1, the increase in income (AY) resulting from an increase in exports (4X) is

+ .
given by AY . .The induced increase in imports is _m__AY. When's = o, all the
s+m . s+ m

additional foreign exchange eamed from exports is spent én 1mp&pts.
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The péculiarities of the Jamaican monetary system raise the
possibility that the induced foreign exchange spending may be greater than
the autonomous increase in foreign exchange earnings. The prospect arises
from the fact that increases in the money supply mayeweil be triggered bf
the increased export earnings‘and‘the consequent increase in expenditure.

This effect is not strictlyjpredictable; it would depend on the size of the
export increase, whether it was expected to continue and the confidence factor
which derives .from these EOnsiderit{ons.

So far in this section it has not been necessary to specify whether
the inéreage iﬁ exports 1s temporary or pefsistent. If we have a one-shot
increase in exports, there is the possibility that the‘effect on import levels
will outlast the initial export impulse. Individuals may wish to continue
higher levels of spending after the additional foreig® exchange earnings
have been disposed of. Since the money supply may expand in response to
this de;ire, it is possible that a net loss of foreign exchange reserves might
oceur. ' ) .

The analys;s of the foreign exchange impact of capital inflows
is the same as for exports. Export revenues andgcapifal inflows will generate
the.same sequence of reacti;ns and induced foreign exchaqge charges. " However,
in the case of capital inflows the net accretion in foreign exchange fo? any
given amount of capital will usually differ ‘from the additional exchange
yielded by the same amount of export revenues. The foreign exchange yield

of the capital inflow is less by the amount of interest payment (and amortisa-

tion, if any) during the period. There may also be a di fference resulting

- from the fact that the nature of the capital inflow (if for example it is

tied to the purchase of imported machinery) may lead to a greater proportion

of import expenditure out of a given capital inflow than would be the case

1
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for exports. Therefore, althéugh the effects of capital inflows may be
accommodated within 'the framework of the analysis already outlined in this

.

.section, the quantitative impact may be different in the two cases.

Government Expenditure

Increases in govermment e;penditure will lead éo increases in imp&rts,
both direcfly and via the induced increase in national income and expenditure.
Lﬂ this case we will of course not have had an additienal aceretion of foreign-
exchange, and so we can say unequivocally that shere wili be loss of foreign
exchange reserves. Unless the increased government expenditure induces an
%ncrease in money supplies via commercial bank action as mentioned before, the
loss of reserves will be somewhat less$ -than the expenditﬁre increase. The

difference will be accounted for by the domestic contgnt‘bf the additional

expenditure,

There is the important further issug of the source of finance for the
M \ o
new government expenditure. Let us assume that the government borrows money
N .
locally. The gové!pment may borrow from the Central Bank, which then holds

the government obligations in its asset portfolio, without any further effects

-

on the money supply or foreign exchange reserves. If the 1oén is raised
through the commercial banks, however, it is possible that some money suppl&\
consequences may be triggered.

. Whether or not their lending to government will generate én increase
in macey supplieé depends on the commercial banks' l§quidity position and their
reaction to it. Let us consider first the case of excess liquidity. If banks
in Jamaica hold liquid funds in excess of normal or statutory, requirements, °

these may be placed on deposit with the Bank of Jamaica, or with their Head

2. M ] [




: “ . T 129

Offices, or they may be used to buy claimps on the priv§te sector, government
or statutory‘bodies. Given any one of these circumstances, what will
happen to the m;ney~supply if the banks now decide to buy new government
securities? ‘ ™

If the funds are obtained by liquidating balances with the Central

. Bank sr with Head Office, there is an injection @f new money. The difference
betweep the two cases is that, in the‘casg~nf the Head Office balance, the
new money is accompanied by an initial fall in the foreign assets of thg
banking system. This is only a superficial difference, however. Recall from
our analysis of fhe effect of money supply changes on foreign exchange reserves
that the loss in.foreign assets will be sustained,"in either case, only ‘to
the extent that there is an induced increment in import expeAd;ture. If the
banks funded government out of a surpigs of private sector securities, or
previously held obligations of statutory boards aor government, there would be
no change in the ﬁ%ney supply; credit wopld merely be shifted from one sector
to another. There would be an exception to this if government securities had
to be sold to the Central';ank to secure the necessary funds. ’In this case
‘there is an increase in total credit and an increase in money supplieé.
1f t;e banks had no exceés liquidity tﬁey could accommodate the
government only by reducing private sector credit or borrowing from abroadL.
- The former is neutral in its effect on money supply, while the latter increases
mon;y supply with an equivalent fali in net foreign aassets in the first

instance.

We may now summarise the effects on foreign exchange reserves which

- v P

(:’ lwé neglect the possibility of borrowing from the Central Bank, since this
* -would be equivalent to direct lending by the Central Bank to government.

4
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would result from commercial bani lending to government. In cases where
- i

e

there is an increase in the money supply we will generate disequilibrium
dynamics leading to a loss.of foreign exchange by the process outlined.
earlier. Where.there is a switch from private sector credit, any foreign
-exchange loss would depend on the difference between the private sector

and government with respect to their propensities to spend on imported
commodg%iesl If the propénsities are the same, then there is no changé in
reserves, but if government spénds a larger proportion on imports net forgign
assets will decline.

These charges on foreign exchanée reserves, where they occur, must
be added to the initial foreign exchange impact of the govermment expenditure.
When money supply, increases, two expansionary infiuenceg are simultaneously
at work on“pational expenditure (and hence imports): 'increased government
spending and expanded money‘supplies. In the ca;e where a credit switch is '
accompanied by different private and government iﬁpor§ propensities, there
is in effect a shift in the overall propensity to import. Where the import.
propensities are the same, the monetary effects are neutral. This yields
three possibilities for net demand for foreign exchange. Taking the possibili-
ties in reverse order, we have (a) a demand for fsreign exchange no greatér
than would be indpced by the increase in government expenditure itself (see

first paragraph under "Goverment Expenditure”); (b) a net demand greater or

less than this depending on whether government has a larger or smaller import

' propensity; and (c) net demand gfeafér than for (a), the additional demand

Dbeing determined by thé extent of increased money supplies.

Three possibilities remain: government way finance new expenditure ,

-

from previously accumulated surpluses, from new tax sources, or from borrowing
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)

abroad, If government borrows abroad, the analysis is formally similar

to the export case, The main modification would be that interest and
amortisation payﬁ%nts must then be included in the import charges which

are seen to derive from the additional government expenditure. As before,
therehwif& be a net addition to foreign exchange reserves if there.is no .
increase in the money ;upply.beyond the effect bf-the injectiga of new

government expenditure into the national expenditure stream. If, however,

money supplies rise as a result of commercial bank actiom.it is possible that

AN

A

there will be a net reserve loss.
. . _
If government expenditure is financed from accumufgted surpluses,
we have the situation as stated in the first sentence of this Lectiog,~ a i
N v

loss of foreign exchange (the result of increased imports out of new .incomes)

which may be increased by commercilal bank action. .

The more interesting po sibility is that finance is obtained by

-

increasing taxes. Let us consider imcome taxes and import duties separately
as sources of revenue. If income tz’es are inc¢reased domestic expenditures
would be subject to deflationary terdencies. Income may fail to rise as ’

much 'as it would under other assumptions, and the loss of foreigh exchange

&

will then not be as considerable. However, again we must take account of the
[

money supply. It may well be that iﬁdividgals démand more credit to sustain

consumption at the pre-éax level; if commercial banks are liquid and are,
disposed to meetdthis demand, then the restraint on incomes and foreign
expenditure may be less marked. It follows that if we are to protect foreign'
exchange reserves, then a policy of monétary réétraint may be required to

support the tax meaéupeg.
Let us now take the case where the additional revenues are raised

from import duties. The effect will depend on the price elasticity of demand

’
° -
v - -
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for imports. We expect that the volume of imports will ‘not fall signifi- -
»~ . ’
cantly.l Thus there will be no saving of foreign exchange. What is likely

H

is that the increased prices which nationals will have to pay for imports

will cause inflationary tendencies. An increase in money.incomes may then

o

lead to further demands for imports and a greater loss of foreign exchange
]

reserves.
. ' 2
We conclude that, depending on the method of financing,
government expendit&fe may lead to (a) increases in foreign reserves con- -

siderably less than’ the amount of government expenaiture (in the case of

foreign borrowing only); (b) decreases in foreign reserves which may range

- from zeyQQto"aﬂbﬁhts significantly in excess of the govermment expenditure.

‘ i
We can summarize the discussion by showing a hierarchy‘é} policies, .

ranked according to their (decreasing) contribution to foreign exchange
or their (increasing) cost ih;¥oreigﬁ‘exchaqge.  Let us first list the policies

as'we have analysed them above: .
{

I. Local borrowing from the Central Bank;
II1. Local borrowiné from commercial banks;
" IXI., Poreign'bormwing;~ ) z o oL
Iv. Use of’accumulated sﬁrplus; © .
V. ) Raising additional taxes on ;ncome;
VI . Raising additional taxes on income with ificreases in

’ s

the money supply; L .

VII. ' Raising additional import duties.

Social and Economic Studies,September 1971.

“r

lThe suggested reason is the high. proportion of essential consumption and
intermediate items in import expenditure. See Nassau Adams, 'An Ana $ &
Food Consumption and Food Import Trends in Jamaica', Social and Ecoromic S

Studies March 1968; and Adams, "Import Structure and Economic Growth'

4

. I e
.2Naturally, several of the alternatives mdy be used together.

, «
- . \‘\
' 3
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Table 5-1. °’ The Financirig of Government Expenditure and the Induced

Effects on Reser®es

/
’Altémative Change in Reserves: Probable Range of OQutcomes
methods of [Increase Decrease”
financing Negligible |Less .than G | Greater than G
Ir X
-2 LI X X
III X X
IV : X
v X g
\'A% ) X X
VII X X
A\
' “ I}
NI
!
P o
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The table below locates each of the alternatives along-a continuum from
#» . ee B

-

those policies which lead to increases in reserves to those which lead to

~

a reserve loss greater than the amount of government expenditure ( G). The

arrows indicate uncertainty generated by the possibility of autonomous
commercial bank action.

Simultaneous Effects

- L]

The foregoing e#tablishes o‘iﬁ a priori notions of the relationship
g X
between each explanatgr& variahle and t}&'\e dependent variable, reserves.. Thé
four independent variables must now be combined to détermine their simultan-
. eous effect on reserves. A difficulty arises here because of the interrela-

‘tionships between the explanatory variables themselves. The most evident

.

example of such relationships is that between money supply and each of the
~ "real" variables. In the course of the apalysis so far we have commented

extensively on this phenomenon at several points. Other examples might be .

adduced. ' For example, inflows of capit@él may be directed towards creating
new capacity in export industries, thereby establishing a link between the

variables "exports" and "capital inflows™" (apart from any possible lags);
v

and increased exports may lead to increased government revenue which may in

turn lead quickly to additional government expend_iture", assuming govermment
. A s ©

»

were operating under a tight budget: constraint.

. The effect ¢f this multicollinearity between the explanatory
I ) - ~
variable! will be to introduce bias into the estimates of the parameters which

define the relationship between each variable and reservegy. It will not be

/

vy o
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though of great interest, do not enter into our reserve maximisation model

as such. What does affect qur maximising conditions is-the variance of
predicted values of fo;eign re;:fves. ‘This is where our difficulty arises,
since we can no longer say with complete accuracy that the distribution
function of the predicted value will be normal. We are nevertheless forced
to use the normal assumption as an approximationh, even though we thereby

sacrifice some degree of precision in our analysis.

Qualification of the Analysis

The equation we have devised in this chapter may be regarded as the
reduced form of a system of equations which traces the interrelationships
between all.the major economic variables - income, consumption;saving, invest-
ment, government revenues, imports, prices, interest rates,exchange rates,
etc. - and simultaneously determines their values for given policies, So as
not to divert from the main purpose of the study we have had to forego an
investigation of the complete system and concentrate on the simpler reduced
form. While this does not introduce any error when structures remain un-
changed, we m’ay run into difficulties shoul_d changes occur in the (unspecified)
equations which comprise the structure. For example, suppose trade or tariff
controls are imposed, or there is a change in the exchange rate. These
factors could imply changes in the functi(lam;l relationship between reserves
and the four chosen explanatory variables(; and this would in turn mean a change
in the variance c;f reserves. Let ud suppose that this-change took place some-
where within the period covered by the time series on ;:hich the estimation is
based, What we would in fact be doing would be estimatihg as one equation what
are in fact two distinct equations,

How s}?ould this prioblem be treate;i? First of all, notice that the .
problem does not arise if the changes affect only the values of our four

¢

explanatory variables and pot their relationship to the level of reserves. It
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{s probable, however, that changes such as those mentioned above ws;ll alter

( ) the nature of the relationship. One approach would be to include these
additional factors in our explanatory .equation either directly or by the ude
of proxy variables. The other alternative would be -to divide the data into
- two (or more) groups in accordance with the timing of the change. The first

Al

alternative would be preferred if changes are continuous; the second if they ’
happen only occassionally.
This model of reserve determination has clearly not yet reached any

advanced stage of refirement. I should hope, however, that the analysis of .
this chapter has established its claim to serious consideration. The results
of ’estimati‘on are- suffici.ently interesting to suggest further development
of mi;(gd r;xodels of this kind which combine "r‘eQ and "monetary" variables
to provide a more complete explanation of macroeconomic fluctuations. Its
chief usefulness for our purposes is to illustrate the method of computing

) " optimum reserves, but, within'the stated limitations we hope to use it to

adraw general inferences about actual reserve management in Jamaica.
’ - 4
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Measuring the Costs

ity e
30 N S

i



137

* Exchange reserves held by the authorities represent a claim on

(foreign resources’, and foreign resources are ”vital for the process of
development. However, exchange reserves are not used to procure fopeig;l
resource inpu.ts which would accelerate this process of development. It follows
that there is an opportunity cost implicit in holding exchange reserves, and
Wwe now turn our attention to the task of measuring this cost.

The question of foreign resources for economic development is asso-
ciated most cl‘osely with the name of Hollis Chenelr'yl whose' work has in;pired
extensive studies on foreign aid flowsz. We will employ a simple version
of the Chenery formulation as a. basis for our analysis.

1

The foreign resource requirement at any time t is the difference

between foreign expenditure at t and earnings of foreign exchange at t. Foreign

exchange is earned from exports of goods and services (and transfer payments,
factor incomes, etc.), and foreign expe?mditur‘e goes on imports of goods and
services (and transfers and factor income payments accruing to foreigners).

-
i3

1Chem_-ry's argument is stated most comﬁrehensivel'y in H. Chenery and A. M.

' Strout, 'Fo¥eign Assistance and Economic Development' American Economic

Review Vol. 56 (1966) pps. 679-733; fupther development of various aspects
of the model and empirical tests are fo be found in Chenery, 'The Role 'of
Industrialisation ir’ Development Pro\grams}', American Economic Association,
Papers and Proceedings,May 1955 pps. 40-~57;-H, Chenery and 0. Bruno,
'Development Alternatives in an Open Economny Israel', Economic
Journal Mar.1962 pps. 79-103 and Chenery and A. Mac , '0ptimal Patterns

of Growth and Aid: The Case of Pakistan',Pakistan Development Review,
Summer 1966. :

2Per'haps the most exhaustive is the UNCTAD II Study, Trade Prospects and
Capital Needs of Developing Countries UN pub. TD/34/Rev I. A study along the
lines of the UNCTAD models was done for Jamaica by D.J. H?rris, 'Saving

and Foreign Trade as Constraints on Economic Growth', Soeial and Economic
Studies,June 1970, pps. 147-177, . .

¢
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Let us write

6-1. Fe = M - X < !

where Ftis the foreign resource requirement and Mt and )(,c are impbrts and
eXpomé respectively, so that we neglect tranfers and factor incomes for
the moment. Let us begin with the current year (year zero) and broject
to year t. For convenience, assume that exports grow at a steady rate of
x% per year from zero to t. Then

_ t
6= 2 )(,c = Xo(1+x)

Let us assume that imports are initially equal to M s and that additional
-

-

imports pétween zero and t are proportional to the increase in national
he -

income (Y) over the period. We have

6-3. th = Mo + m (Yt-Yo)

Now, what is the value of Yt? This we are to choose, }ﬂwe do so by choosing

3

a constant growth rate of income equal to g% per year over the period.

This gives

t
6- . ' - ! r

where Y is the income at zero. -Combining this system we gét

= — t _ t
6-5. F,o = Mo+m [(1+g) 1L7Y, - X (1 +x)

-

For any value of g chosen, therefore, we can find a corresponding value of
Ft. We know the current values of imports, income and expor'té |
(Ho, Y and Xo respectively). m apnd x must be estimated.

In estim"ating the rate of growth of exports we assume that the
average rate of growth over a number of recent years will be sustained. This

should be regarded only as an appréximation for the convenience of this

analysis. In an operatioenal situation policy makers ceuld derive a more
\

informed estimate’of growth prospects for each export activity from a careful

examination of market forces, the expected supply of exports from domestic

3
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sources and competing sources abroad and the prospects for ne\ﬁ products
and new markets.

‘ The import propepsity m also suffers from its aggregat&e nature. It

|

1s a special kind of import propensity, representing an 'averége' l&alue of
the parameter over the period. The major criticism of this rﬁacro-pgrameter
is that it may conceal quihte drastic structural changes, which more dis-
aggregaéed analysis might reveal. It is true that the assumption of a ‘stable
import propensity may be unrealistic in a developing country where structures
of i)roduction and patterns of consumption are in a process of continuous

change. However, as long as we remain aware of this factor, and make appro-

priate adjustment from time to time, the use of a constant m may still be

£

useful for analysis in the medium term.

The equation we have just derived corresponds to the Chenery-Strout
case of trade limited growth. There the target growth rate can be achieved
so long as sufficient foreign resources are available, and there will be no

deficiency of savings once the trade gap is closed by capital inflows.

&

Chenery deals with a number of other possibilities, and we must determine

0

- ' their importancé for this analysis.

- One possibility is that the country may have a limited 'ability

A [y

to invest' or 'limited absorptive capacity'. In this case, there is an ﬁpper
CA

. ! .
limit to the growth potential, regardiess of the amount of foreign resources
* available. This limit is set by lack of skills, entrepreneurship, social
and economic infrastructure or any of a number of social, economic, political

or psychological factors which ‘prevent the use of available investible

resources for development. If such a limit should exist in Jamaica, then

I ¥ 0 we would be misrepresenting the cost of holding reserves if we found that
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this.cost, as calculated above, implied a- rate of growth which could not

~

N

in any case be-achieved because of the capacity limit.

\

We feel that this possibility may safely be neglected in the Jamaican
case. The reasons are (a) that the Jamaican economy has shown evidence of
a capacity to absorb considerai)le increments in investment each year for
most recent years; and (b) that the country's abso;vptive capacity may itself
be increased by the injecfion of foréign resources, which may take the ‘form
of skills and techniques which previously presented an obstacle to the "ability

to invest". The points are enlarged upon below. -

. A second possibility to be considered is the savings limit. The

..argument here is that there is a very low level of savings associated with

the observed levels of exports, imports and national income. If we estimate
the foreign resource requirement solely o.n the basis of trade flows, we will
find in this case that the total savings (domestic saving plus foreign inflows)
'ar'e insufficient to sustain the rate of gPOtﬂ'th {which, on the basis of trade
alone, would seem possible. Additional foreign resources will be needed to
support the growth rate, not because there is any shortage of foreign exchange,
but because domestic savings are inadequate. /The situation leads to "excess"
imports. If domestic savings were available to make up the \discrepency » there
would.not necessarily be these additional imports.

The implication for our analysis is that the formula at 6-5 will
agai';x ovel*state the cps_t of reserve holding, since that equation does not
explicitly take account of the domestic demand and supply of investment funds.
It assumes that if foreign resources can be had to fill the trade gap, then
the resultant investment mflows will, with domestzc saving, sufflce to
\I\nainyain total domestic-investment at the target growth level g. If domestic

T o
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saving is insufficient, this value of gais unattainable and the given inflow
of foreign resources can sustain only a lesser value of g.' In other words,
the level of g associated with any F in equation 6-5 is higher than the

level which could be achieved in practice, and the growth sacrifice assoqiated

-~

with immobilising any portion of F is overstated.

»

We may allow for this $ftuation by restating our foreign resource
requirement in terms of ‘the now ‘domihant "savings-investment gap". The 1
T

minimum inflow of.foreign resourges at any given income level Yt is the

t gap, rather than the lesser

amount required to close the savings-inve

amount required to close the foreign payments gap (equation _61). HWe have

~

6-6. = - :
6-6 Ft Y St

where It and Sf are respectively investment and saving in time t.

\

Investment required is given By

6-17. - o= -

7 I, k (Y3 Y
k being the incremental capital output ratio. T o
From g-4 we have that e ) >

_ t
Y Yo(l+g)

t «

so that :

- t. )
6-8. Yt:rl Y, = gYo(l+g) . -
Therefore . . : "

¥ (g

_ t

6~9. It = ng°(1+g)

Express the savings function in a manner analagous to the import function of

6-3 and we derive e
6~10, S‘L‘ = SO + & (Yt - Yo)
where (( is’ the propensity to save defined in the same way as m. Therefore
—— * - s t- -
s ey safaetT Y,

A} : /
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The equation which replaces 6-5 as an expression of foreign resource

»
N

requirements is
_— t a7
611, F = Y(kg(1 +g) ~o ~O/ (1+g) -1/
¢ t o Q - -
This 'equation may be used as an alternative to 6-5 if domestic

saving is the growth-limiting factor.

At this point, we present a simpie graphical illustration of the
points just made. Curve I represents equation 6-5 and curve II equation
6-11. Let us suppose that these curves relate to a five-year projection.
»In other words, Ft is the tot’al forei>g11 Iresources which would be required
to suystain any’chosen growth rate between year zero and year five.

If we use equation 6-5 to cost exchange reserves, let us see what

hapzens when our target growth rate is less that Ogg.We would ‘estimate .

that OF, of foreign resources would bermit érowth rate 0g2, but in fac:'t‘Og2 growth

1

would leave us short of domestic savings by an amount equal to Fl F2.

will generate growth rates

n

Because the saving limit is effective here, OPl

no greater than Ogl. Hence the growth-cost of reserves equal to OFl is
Ogl (less than O'g2)., Equation 6-11 should be used in this range. Equation
65 becomes operative at rates of growth greater than Oga, where the amount

of foreign resources needed to close the savings investment gap is less

.

than is needed to close the trade gap. 1In this sftuatiox;, foreign resources

°

which would permit Ogn growth, for example, would leave "excess" (unrealised)

‘'savings equal to FyF, . - : a " .

Neither 'trade-limited growth' nor 'savings-limited growth' is
efficient in the sense of making optimum use of available }'esources, domestic

and foreign. In the trade-limited vase, some national savings are hoarded,

spent on non-essential consumption goods or invested in non-productive.

activity, simply because if they were irnvested in production,-additional

/

/
. +
.
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Figure 6-1, Trade-and Savings-Limited Growth ‘
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Note: Curve I represents Equation 6-5;

Curve II represents Equation 6-11.

Source: Adapted from Chenery and Strout gog.cif.).
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import requirements would be generated w*nich could not be met from-available

foreign exchange sources, In the savings limited case, that portion of
¥
' capital inflow which 'makes up the savings deficiency will create an Yexcess"
of foreign exchange, some of which may be accumulated in the form of reserves;

. however, there ‘will “also be generated demands for ron-essential imports,

particularly in a highly trade oriented economy.

4

I It's‘hould therefore be possible, with some economic r*e—s_tructluring,‘
’. to find a growth path whiich would economise on the use of foreign fesources
g: . by eliminating both excess imports and“unr‘ealised saving. New production
| techniques, different sectoral growth rates;’ import substitution, new export
markets and e:anges in consuml\ption patterns may all contribute towards this
goal.’ The difficulty is, as Chenery and Strout demonstrated, that these )
are changes which take many years to effect. Therefore, m an analysis‘
which Iooks ahead only fivle years ther-e‘ is probably very littidt that can
,be done to achieve more efficient growt‘h. For longer periods some flexibility
';nay be possible,- though Chenery And Strout argue 'that even ten years is too
short a period for noticeable changes of this nature to take root in many. \
economies . ‘ | . ‘
If follows thereforje that the trade-ar;g-savingSrlimifed equations are. “

reasonable approximations to reality for the length of period we employ

in our projections, and the functional relationships with, fixed paramefers

should yield acceptable estimates of the growth implication of any foreign

resource input,

2

4

Q .
Before going on to the task of quantifying these relationships,
, We wish to substantiate our contention that the 'ability.-to invest' is not

0 \a serious growth limitation in the Jamaican case. The contention is partly

based on the/aréuments, already mentioned, that foreign resource inputs may

- * )
P
,
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* raise the ceiling on the ability to 1nvest. He can demo&tr'ate as well that,

even if we neglect thls possmrllty, considerable growth is possible even

. with a low céiling on the ability to invest. i
The ability to invest is represented in the Chener-y model by the

parameter ﬁ » which measures the percentage. mcrease in thls ‘year's 1nvestmen¥

over the year preceding. Therefore . .

| 4 6-12. . I, € Q+pix_, ° .

3 N - —' . .
? Even if desired rates of growth, capital-output ratios and development

; s’trategiesj Pequire it, and, in addition, adequate resources are available,

-] \‘ -
1nvestment cannot be ralsed above I because the economy lackE the capac1ty

to absorb any more investment. It is clear on the other ha\hd that any rate
of growth which demands less than It is po‘ssible (if resources are avialable).

FO '
Thus, if high rates of gpowth (g) are possible with very small values of B>

the ability to invest is of no practical importance as a iimit to growth and

By aésumption s

) - - - t o= , .

.6~15. Yo=Y, =Y, TS -1T7 . .

, \ ‘
with a constant rate of growth of income (g). And we may write

v . % ‘
6~-16. T = t -1

¥ Vak)
- -5 = I 4T (1+p) +1 (1+f$) +...I (1+p)
T = o0

\

the use of- foreign resources. ) v
- If the incremental capital-output ratio is k, we may write ' o
(followmg Chenery ) ) ; . . T
. . ’ T=t-1 -0 -
6-13. Y, R A S! S 1 , -
% ~ T .

- T =0
which gives <A A )
N . T = t - 1 |
614 v, -y ) < ¢ B

e
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' : The maximum value of Y_ is given by - -
s t . " "
- t =5 2 Ayt
6-17. Y [/ (l+g) -1 / ',Io El+(l+ )+(1+P) (1))
) - e )

from which values of g corresponding to Marious various values of (5 and R

t may be calculated.

In tLe .accompanying table we present a selection of results based

on the 1960 values of Y and I,"and a calcylated value for k of 3.891. The

figures in the boxes of the matrix give values of the maximum

rate of growth which is possible at various Ca,PaCityMaximur?l Values of g(% per annum)

limits and over different time horizons. The \{yrs) 5 10
('u\

inference is clear. A capacity limit of 5% /,,-{i

Co . . . . 1 ] 6.3 5.6
which is way ‘below anything we experience in .

A .
practice would permit gmwfh rates-of 6.8% and .

5 6.8 6.5

6.5 in five and ten years respectively. Yo___ 383.1 Io =103.8, k= 3.89

The c:apacity limit carmoz( in fact be anything of this
order“, since the econ7ﬁy~has demonstrated its abil&y '

to absorb considerably higher increases in investment from year to year.
Percentage increases in gross domest'ic investment in t:he Jar'naican econony
are given below for recent yeérs: -

1961 1962 1963 1964 1965 A1966 1967 1968 ° 1969 1970 1971 1972

I3

1.4 -6.1 2.4 10.9 11.1 17.6 16.4 30.2 13.9 5.5 7.6 3.4

-

Source: IMF, International Financial Statistics

P B - v ) l/

‘1

Calculated from dataTresented later' in this chapter. </ x
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\

These data give qualified‘suppogt for our claim that, even when we make
allowance for non-constanthand g, the economy does have the capacity to
aSsorb capital in the amounts which growth targets might require. The ,
qualification arises because the figures will notiindicate whether the
investment capital has really been employed to increase productive capacity.
It is possible, in theory, that diminishing returns on increasingly less
productive investment may lead to a situation where output does not increase.
The effective ability to invest is then zero, auspite of the rise in actual
investment expenéﬁture. In %act, we doubt that this is an important quali-
fication in the Jamaican economy, where féreign capital inflows are mainly
assoéiated with specific capacity increases in tourism, mining and manufacturing
(See (Maptex. Two).

We will devise separﬁte schedules along the lines suggested earlier
for the trade—limited case and the savings-limited case. In equation 6-5
we estimate M and.m from historical data, regressing M, on (Yt - Yo) to
obtain estimates of the parameters directly by equation 6~3. The growth
rate of exports is obtained from the regression equation:
6-18. Log X, = log X +t log (1 + x).
Substituting the estima¥ed values of the parameters in equation 6-5 gives
us values of Ft correéponding to various vaiues of g for any chosen t.

’ In equation 6-11, O(Oandaare estimated from equation 6-10 using

historical data. In-order to derive an estimate for k the following

ingremental ratios of gross domestic investment to national income were
! 4

calculatqd:l

1
Source: National Income and Product, 1972.

-
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1961 1962 1963 1964 1865 1966 1967 1968 1969 1970 1971

4,33 5.50 3.86 3,30 3.20 4.23 3.34 3.79 3.73 2.97 4.58

In what follows the average of these ratios (= 3.89) is used as an .estimate of

X.
Qur results are based on the following equations:l
6-19. Fesy = 0.8(1+ @)t - 0.1 - 0.55(Los7) ... L.
6
6 -20, Ft/yé = 3.89g (14 @)t 4 0,02 - 0.2(1+ )" ...... II.

Equations 6-19 and 6-20 are the trade—éap and savings gap versions
réspectively. Fdfpign resource requirements have been caloculated for a range
of growth rates (with t = 5) in Table 6-1. These results indicate that the
trade gap dominates throughout the range of growth rates in which we are
likely to be interested. Consequently, Equation 6-19 is emp@yed in all
further calculations in preference to 6-20.

We now have values of foreign resource requirements against which to
compare the current holéings of foreign exchange reserves. If any stated

. ——gmount of foreign exchange reserves wepre systematically utilised to procure
foreign resources over the next five years, then Fhe rate of growth which

would be possible can be obtained by substituting that value of reserves for

SO ‘ N
By in Equation 6-19.- - {
. )
‘A qualification is necessary here.. Suppose thal! the amount of

reserves of the last paragraph were in fact to be used to expand the domestic
productive structure. This augmentation of foreign resourges in the currerit

period would have the effect of increasingafhe current rate of growth; but in

the following periods there aAE no means of sustaining the augmented resource
¥ ' .

!

1 For details of the calculations see Chapter Seven.
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_:"«a . Table 6-1. Comparison of "Savings-Investment Gap" and "Trade Gap" in Jamaica
1 &
Values of F's/Y
g o)
Using Eqn. 5-19 Using Egn. 5-20
, 0 .01 -.18 ¥
5 7
- ) .01 .05 -.15
.02 .09 -.1 .
X .03 .13 A -.08
. !
.o .18 *-,03 .
.05 .23 .01
.06 . .28 .06
. \
.07 .33 .12 | ) //,/"'~
.08 ° .38 .18 R
&
! .09 by .25
¢
. .1 50 32 .

PN Y
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\ inflow because the excess reserves will then have been used up. Is it
therefore legitimate to view the opportunity costs of reserves as measured
. over the entire planning period?
There are two ways of ldoking at the problemswhich avoid the apparent

inconsistency -in measuring opportunity costs over the planning period. One is

to regard the problem as one of foreign resource management by the competent
authorities. They will have determined the greatest potential growth rate

which is possible, using all available foreign exchange - that ig, borroWings
o : |
and net earnings as well as accumulated reserves, Then if it were decided to

1
ﬁtili:t a given amount of reserves in the current period, it would be possible
1 .

i
to even out the rate of foreign resourde use by using th%se reserbes to

{

replace some equivalent amount of other foreign j‘nds. For éxample, some

; on

borrowing- might be postponed until later in the planningiperibd.

Alternatively, we may discard the assumption that the réte of growth

-

must be constant over the entire period. g may then be regardeéd as an average

?

rate of growth. This is the less preferable alternative, because it is
/

possible that the average rate of growth may be affected by the cons é}lation

iy AU SO e, LA 11

"3

of annual growth rates over t?e period, even with the same amount gf foreign

‘ resources. For example, if a%dlspropovtionate use of regources 4énd consequent
|

~ g

e

expansion of capacity takes place in the early years, fhe ecopomy may be able

to geénerate greater intérnal surplus than it otherwise would, thus increasing

{

the overall growth rate. To avoid.such complications we Will take it that

the country's economic planners will so program the use of resocurces as to

secure the maximum rate of growth possible with any level of foreéign input.

-

We may therei?%e concern ourselves solely with the aggregate resources available,

i}

vhether these resources be fn%m borrowings, net earnings or accumulated reserves.

’ / iy, .
q Alternatives for Balance of Payments Accommodation A

The list of policies which may be actively employed to restore

» -

‘ . 14 ]
balance to the external payments positign in the short run includes direct

[ 4
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,—/ -
controls on imports, soliciting lines of credit and overseas loans, ration-

N <

ing foreign exchange, differential exchange rates, reductions in govern-

ment axpenditure and in the money supply. These policies may be considered

LN

’ 1
under the now familiar headings of expenditure reduction, expenditure switch-

ing and external financ%pg. Let us briefly look at each one in operation.

~ We are dealing with an economy which is small in relation to its

trading partners, so that there are no foreign trade repercussions as a result

1

"~ of import adjustment, and import prices can be taken as given. Furthermore,

the major export activities (with the exception of tourism) have specific
marketing arrangements such that prices, and, in some cases, output alsc is
gi%gn. The implication is that the scope for switching rescurces from one
eprft\activity (which is subject to some temporafy price slump, for example)
to any S%Per (which is enjoying more favourahle conditions) is negligible.

We have, thirdly, a limited range of significant export earners, consisting
of tourism ngi_gfiﬂizzgggtjxities in agriculture and mining. Difficulties

in any one of these sectors %r@ likely to have important repercussions; this
is much more so the case'whentwe call to mind the importance of foreign trade
in the national economy. We |hall also take note of the importance of foreign
firms in the commodity-prdduc ng and financial sectors, a factor which peduces
the effectiveness of some domestic policy measures. In'summary, the salieﬁt
features qf‘the economy to bebourne in mind in what follows are: small size,
spe;ific marketing arraqggments,.high export specialisation and the impbrtance
of foreign firms. | . . \
. v

We begin with balanced external transactions. We have a situation

where initiz} earnings from exports and net capital inflows are just sufficient

to meet intended impog%\ékbenditure at the level of national income generated

by autonomous expenditures (including exﬁorts and capital inflows). We now

L4
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i
introduce a temporary disturbance which reduces the expected level of foreign
-
exchange earnings. The question is, what happens to income and the balance

of payments as a result of this disturbance.
’

Internal Adjustment

b The process of internal adjustment is automatic, though itwmay be

augmentéd by official policies to reduce the money supply and government

expenditures. In the absence‘of s.uch policies, the falLL in export earnings

will itself produce a ‘fall in real incomel, which will in turn lead to a

fall in imparts. By this means external balance could be restored. ’..
This process of adjustment is likely to be accompanied by declines

in money supplies and government expenditure, relative to expected levels),

and by an absolute drop in the level of foreign exchange reserves. Let us

look at the process in operation.

Viewed at the macroeconomic level, import/Mcisions are not based
directly on export performance. Export performance w¥tl eventually he}p to
determine import expenditures, but decisions to import are madé by different
agents and at different times than export decisions2. Consequently, attempts
will be-madé to carry out origina’l import plans, although export earnings
\will not now be available to the full amount. In the process, some portion
of the domestic money supply is surrendered to the exchange authority to

- ,
obtaincforeign eXchange. If exports had achieved the expected performance,

then  ip process of time (during the current accounting period) this loss

-

 n the context of this discussion, a 'fall' must be interpreted as the

difference between expected values and actual values.

\'\ .

2’The obvious exception being imp\orted inputs for export industries.
. L

L]
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appropriate to the ‘expected leveéls of income and exports. Since, however, foreign
exchange 1is not forthcoming"tp the\Eﬁll~amount required, the domestic money supply
will fall, with reserves falling by an eqaéi\sﬁount. If there are no idle balances
in the economy, the fall in the money supply must be such that the new money bears
the usual relationéhip to the lower level of income which the export shortfall induces.
’ e
If Government has no operating surplus and does not borrow, then Government
expenditures must fall: since export taxes and import duties will both decline as a
result of the foreign trade adjustments. This will hasten the decline in income levels.
If some foreign borrowing is possible (through the monetary authorities) this will
offset the export shortfall to some extent, r;versing partly the effects on reserves
(or imports) and the money supply. Domestic borrowing will also tend to increase the
money supply (unless the Government competes away loans from the private sector) but
although this will foréstall some decline in income, it will do so at the expense of
foreign exchange reserves. (=
The automatic mechanism of internal adjustment will restore external balance
only if income is re&ﬁced to a level compatible with the level of imporys which the
availaﬁle foreign exchange will permit. This will be acqpmpanied by a fall in the

money supply. There may be declines in Government expenditure and foreign exchange

reserves as well.

+

If the Government intervenes directly with monetary and fiscal policy the

process of adjustment may be speeded up. Moreover prompt reduction in the money supply
- L1 .
may be used to protect exchange reserves from depletion. However, the condition for

A ]
~

— N g’)'.
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Internal Adjustment and the Money Supply

We need to note that commercial banks may delay the process of

‘ adjusfment. The commercial banks have direct access to Head Office support

if they run short of liquid funds. Hence they do not need to pay much attention

. ! -
to their domestic liquidity ratios, even where these are fixed by law and directive
from the Central Bank. Should they fall below the ratio, funds can be transferred

from abroad. This fact raises the real possibility of perverse movements in the

money supply.

4

This situation arises when the commercial banks decide to provide loan
funds for imports under the conditions described above. In the absence of commercial
bank action, attempts to sustain import levels will reduce transactions balances

and contribute to-'the deflationary effect on income. New loans for imports from the

-~
[

commercial banks will frustrate this mechanism. If the disturbance is expected to
be temporary, there is good Peason why such credit may be extended, since import
lending is relativelx risk-free and relatively profitable from the banks' point of
view.

The condition for restoring the balance remains unchanged, but commeréial
bank action will make it more &Slikely that the automatic mechanism will quickly’
correct the situgtion. What is more, the delay will be at the c7§t of foreign exchange
reserves, which are used to convert the new domestic money intofforeign purchasing

ah

power.

Expenditure Switching ) -

The whole purpose behind expenditure switching is that expenditure on
e -
foreign goods shouldl:}partially'diverted topards domestic production. The policies
which we have listed as expenditure switching -‘exchange controls, impert penalties -

» /»’
merely tackle one aspect of the question, that is, the \

Ed o ‘
d /
Y ' «




+ ) 155

Vet

reduction -of expenditure on imports. Effective expenditure switching also
requires policies ;o ensure that the funds newly made available on the
domestic market are spent, and that they are spent productively.

Let us return to our initial postulate and see how an effective
expenditure switching pélicy would work. We have export earnings falling
short of what is fequired for external %alance, and this in turn reduces
income to nationals. Whereas the automatic mechanism adjusts imports with

some delay, at the cost of foreign exchange reserves, we now have immediate

- w
import decline. Xs compared with the former case, we have no reserve loss

(/’and no fall in the money supply. cooe
g There is now an "excess supply” of mo;;y at the new loyer income
% levels. The money balances may be held idle, in which case we may find a.
[ new equilibrium which is essentially similar to that achieved with intermal
E djustment. Income and the active\money suéply will be the same, but instead/
&//,\\ . o re?prve depletion 8e will have an equal amount of liquid funds in the

—
financial system. :

pren

. In the more likely event that expenditures areydiverted towards

domestic goods and services, we must deal with the question of their supply

W gy

elasticities. We cgn expect that' in any case money incomes will rise, but
whether or not there is an increase in real income will depend on the scope
1 \ :. for short-run increases in output. N

Essentially, a successful expéndifﬁr; switching policy *ﬁ&lhensure

internal balance at the intended income level altering import prepensities

sp that the level of external expenditure

I

&t this income lgvel\is'coﬁBétible

. 0 “with the new, lower, level of external receipts.
o ; ~~

, . This resolution cannot Eﬁ)kaken for granted fog a number of reasons.

.
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»
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In the first place, we must evaluate, on empirical evidence, the effective-
ness of any given policy in reducing imports. If imports ;re price in-elastic,
rises in import duties, differential excﬂange rates and other measures which
work through the price mechanism will fail to reduce impo;ts, and we will have
instead import-induced price inflation. In fthe éecond place, we 'must have
some notion, again based on empirical evidenice, of the price elastifity of
supply of domestic production, avd this coul invoﬁ)p assessing spare capacity,
the availability of additional skills, shifting of‘real and financzzl resoﬁrcés
between (for example) export ac@i;ity and the'%omestic sector. And we

must consider, thirdly, the import content éf d%mestic production. There .
is a high p;obability that, in an economy heayiiy dependent on imports of

fuel and raw materials, any attempt to increase domestic output will in itself

generate demands for imports which may alter the parameters of the ‘equilibrium

situation.

Financing.the Defiqit ' : \\

Measures of financing the exte;nal payments def?cit allow us to compensate
for the shortfall in exportﬁearnings in spch a way that the éxpe ted levels
of income are achiewed. To &o this, we need to counteract the deflationary

impaét of the export diff%gylties and at the same time to provide the means

of meeting the deficiency in fore%&n exchange earnings. The measures which

N
~

will achieve these goals are use of foreign exchange reserves, lines of \\\
credit abroad ‘and loans. . . N ‘ \};5\\\
N N
There will be loss of foreign exchange reserves in any vase if ™
N . N
. . : -
“the~/automatic Measures oyzorrection are allowed to take their course, and , Y

. ' .
the level of income falls. If we wish to protect the (higher) anticipated
N
level of income, monetary or fiscal policies must be instituted to compensate

4 7 ~ -
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for the shortfall in exports. Income may then be maintained at the ﬁigher
level, but at f%e expense of a larger and continuing depletion of reserves.
“Whereas the reserve depletion in the automatic adjustment case was a one-shot’
yrénsitional affair, in this case reserves will continue to be drawn upch as
long as foreign exchange earnings do not recover to expected levels. There
is thus a continuing lack of externai balance; financing represents a dis-
equilibrium solution to the shart-run imbalance.

When extergai sources éf financing are available fLr balance of
payments purposes,’these may be used as direct inputs via the real and financialy

sectors to. sustain t\e income levels. If the inflow takes place via ;Pek

commercial banks, for example, they may increase the money supply by waking

available new credit facilities. The increase in the money supply will
generate the additional income needed to compensate for the export perform-

hd -

ance, otherwise there will be no demand for the additional imports which

justified the capital inflow in the first place.

Growth and Balance of Paymeﬁts Adjustment Mechanisms

Summarising the alternative responses to a balance of:payments.
'problém', we can identify four fypes of response: ‘financing the deficit
(official or private exchange reserves), use*&f foreign credit facilities
(commercial banks)vnationai and supragational sources), expenditure reduction
and expenditure switchingt We have dealt earlier with the effects on grow%h

k>

of use of reserves. It remains, therefore, to consider the grjsth sacrifice

in the case of the remaining alternatives, expenditure reducing; short-ternm

. ’
borrowing and expenditure switching. -

»
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Expenditure Reduction 4

’ N -

¢t

3

The principal growth-related effect of expenditure reduction is
R ) . -

.the reduction in capacity creation. In order to sustain a desired rate of

a

growth, new productive capacity must be created each year at the-planned
rate#r A shortfall in foreign exchange earnings reduces the ability of Fhe
economy to.pr;yidé this addit;pnal capacity. The loss is particq}arly n
important secause i; arises»in the foreign sector, which we have established
as the area of. eritical resource shortage.\

There is therefore a direct growth cost of income reduction which

-

may Be measured in the same way as we measure the cost of foreign resources
-tied up in foreigqiéxchange reserves. ' -In the case of expenditure reduction,
however, the loss is$ presumably reversible, since the foreign exchange shdrt-
fall is not expected to be permanent. This particular cost therefore arises

only to the extent that exports fail to recover sufficiently to compensate

*

for their earlier losses. If foreign exchange earnings over the plan period

-

o
remain on target despite variation, then there is no direct resource cost.
,. .
There may however® be other effeéés on capacity, deriving from A

the stob;gd nature of the deflation-ggglazion processy It is possible, for
examplé: that investwent projects will fall’bghinﬁ séheéule, thaz ppojects’

will be started and abandoned before completion, tgat proﬁising ventures .-
will be unable to get the required extr;.sgpport in the establishment pé;iod,

and that induced unemployment may create intolerable burdens on social and

economic structures. For anyf%r all of these reasons the expected rate of

N

capacity creation may not be possible over the plan period, even if export g

-

recover to satisfy initial expectations. ' d

The deflationary process may also have negative effects on,priczs,

S ¥ :

{ )

—y e, o

e . 3 T Aoy Z 1Y
' r T e et e
W - Va D 4 PR e R

o g e m e e
,,“f

N ?}‘:‘! it




"

A

¢

159 .

‘
'

\ .
saving and resource allocation, with growth rdte consequences which are
g > ’ 8 q .

F

fully explored in the sectilon dealing with expendi.ture’switchin‘g. These

‘ effects arise again “be;use of the stop-go nature of the process. In spite )
of the fact that national income has declined there may be a general attempt

. to. ‘sustain expected levels of expenditﬁr‘e. If this expenditure is directed
mainlly towards consumptioln ‘goods, nat—io'nal saving will decline. In a highly

trade-oriented economy, there will aldo be pressure for imports to remain at

‘expected levels, though this will be frustrated if there.are no for ign

- v - - Rd -
exchange reserves on tap. Moreover, expenditure reduction will i
be accompanied by some expenditure switching, as commodities pre/viously

-

bought abI‘Oéd are sought from local suppliers and the mix of ytems in the )
L ‘ . -
consumptio; basketyt5 shifted around in response to the r‘ed/L/ction in income.
~ / 4
Thus, in additi?n‘\}to the direct growth cosys mentioned alf;we, expenditure‘
'reduction will i;;'\folve many of the costs whith are enumerated when we deal

' N\
with expenditure switches. > 4 o

Loa\& .\ )
~oans . 8

~N

<

As far as loans are congerned, 'ghe cost which 45 common to all

& 2 -

is the cost of intdrest and repayment. The biﬁden of these costs will vary
o ’ ~
with the terms of the loan, so we cannot say appriori what the quantitative »~—

(
effects will be. In general, however, it is evident that some proportion .
Lt

)of future foreign exchange supplies mugt now be set aside for the repayment

-

of the loan. In another section w& outline an approach to measuring foreign
* exchange commitments in terms of growth and it is theoretically possible
to determine tae effects on the gmw'th rate of the additional charge Qn foreign

exchange. Starting with initial reserves of R s %ua additional forexgn resources v
a . © , v

-

! e v ©

‘variably o .
7 i
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Flgure 6-2.  The Cost of Loan Financing
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' ngeded for .any average rate of growth (g) are directly relatecr to that rate
of growth, giving a schedule of (g, Rt)l. If fof‘eign resources act:lally
available at t are given by OR;, the expected growth rate is ng. If some
portion of these resources are earmarked for loan repayment, the expected

.

! growth rate is reduced to. Ogl.

Loans may car;ry other costs which are spic_:ij/ic 130 some kindsgpf
§ contract. One such is the cost‘of‘tti,ed‘ loans , that is, cr‘editkwbich |
is g;*anted for the purchase of specific commodities, or commodities from a
specific source . There is an opportunity cost here if the commodity is

available more cheaply elsewhere. This cost may be seen as a ﬁigher sacrifice
- \

of foreign exchange (for repayment) than would otherwise have been necessary.

We do not beg the question whether the credit would have been available at
9

T
-

all on othép terms, because we are to measure the cost against the costs of

. "
all other alternatives, including the possibility of financing.

i Another possible cost may arise from stipulptions about domestic -
A N \ .

*

;jé policy measures- as a4 precondition for foreign finance. The International

¥ Monetary Fund is the main source of such conditional finance, and measures

of domestic deflation are often required before assistance is forthcoming.

.

Insofar as these measures are of the same nature as expenditure reducing

o

/
policies considered elsewhere, their costs can be measureé in the same way.

Yet another relevant consideration is that the selective nature

v

of credit arrangements may lead to distortions in the use of resources. For

. . ) by . {
example, private sector credit may be more readily available for consumer

imports than for intermediates. The desired pattern of growth may require

that any short-run sacrifices sould fall on the consumer, rather than raise

} . .

the possibility of bottle-necks in produgtion and the growth of productive”

capacity. ] A . g - \

‘ Yy . , Ny n . e, . “t
e . . S 1 EL . . ,

:l\See Iigure 5-2. . . e ‘ i
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. "~
Ii This brief sketch of the cgsts of borrowing indicates that, as an

alternative to holding foreign exchange reserves, it is by no means painless.’

What we meed to do in any given situation is to compare the growth cost of

each alternative. "~ In the case of loans, this can only be done when we have
N .

specified the interest and terms of repayment of the loan, the sectors in which

special credit facitities are available, the conditions which are linked to .

credits from national and supranational sources. In addition,.we must estimate

) £
the size of the credit —facilitie! available in each category. We are faced

with a number of imponderables here, particularly with regard to private

(=4

sector credits. For example, we have\,gp\tlced elsewhere the difficulty in
d ' N 5 A

deciding what levels of outstanding foreign liability the commercial banks

T

are prepared to su\stfm in support of a fopelgnwexchange crisis, -

. » '
Expenditure Switching

-

The effects of short-run expenditure switching policies on the rate
of growth result from changes in relative prices, changes in the domestic
price l:evel, bottlenecks in production and consumption and the speed of
internal adjustment. These may result ;ln a reduction in surplus for investment
and adverse effects on the efficiency of investment allocation. )
. The surplus is affected if various groups and sectors in the
economy which have different spgnding propensities are affectec;\}n diffefrent
degrees by price changes. Restrictions on the purchase of 'for‘eign goods will
lead to a rise in the price of thesg goods. " There will Be a direct effect‘
on 1mport substituting 1ndustr1es _whose nct:, revenues w1ll tend to rls;:.
However, the price effects wi'll spread within the economy, partiquiably :

in an economy which is heavily dependent on imports. All domestiec prices

ana\egﬁ; will tend to rise, a situation which will not be reversed when the
:

\.

~
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. crisis is over, since prices are inflexible downwards, Let us assume that

this inflation is taken to be a necessary by-product of the adjustmemt

>
\ process, and no monetary or fiscal instruments are brought to bear iy an

‘attempt to stabilise prices. °
e

The price rise will effectively re-distribut® income in favour

of firms producing for the local market as against exporters, in favollr of

»

profits as against wages and salaries, in favour of professionals and self-
h L%

employed as against fixed income recipients, and, depending on the tax.

.

structure,_in favour of 'government as against taxpayers. We need then to :

look at the spending propensities of each group‘to estimate the overall effect

-

of the induced price rises. Furthermore, we gueed to estimate the retained

o
~

surplus in each category, that is to say, the portion of investible funds

which remains within the domestic economy.

. " *  In the absence of any evidence to suggest that exporting is more
¢ =4

f profitable than producing for the local tarket, the effects of the inter-

g’ firm redistribution will depend on the relative tendency of the two sectors

to leak funds abroad. Presumably the balance here is in favour of the domestic
1 ,
A \ .

firms, where we may expect a higher proportion of local ownership; but. the

situation is by no means clearcut. - . . .
t . '
{ It is usually accepted that the rate of saving gut of professional
income and profits is higher than. the rate of saving out of salaries and

'

fixed incomes. It is on this argument that the case for inflation as a

factor inducing growth is based. It is argued, moreover, that the increase

-

_ in net government revenues will permit surpluses to be acgd\mulated for
development projects. .

!

@ If we are to make any general statement about the price level and

»

‘the rate of growth, therefore, it would seem thdt tpere is no reason to expect

~

e d e
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" that investible surpluseés will be adversely affected and some very tentative
14 - #
reasons to suspect that it might increase. // "

X - Against this, however, we have the qugétion of allocative efficiency.

. The activities which offer the highest rate of return during inflationary

¢

periods are speculative in nature. It is therefore argued that the increased

(?) surplus is misallocated in terms of development objectives and that the
» * ‘1 ~

normal growth of real productive capacity is stinted.
} A critical factor in the entige discussion has to do with the

rapidity of price rises. We revert here to the question of the speed of ad-
1 —

s

“ justment. If domestic prices and costs react rapidly to controls on import-

.

tation, then we may have noticeable effects resulting even from moderate diffi-

®

culties in the external payments position. And, of course, a serious fall
in foreign exchange earnings would have quite damaging effects. On the other
hand, delayed reactions will allow time for the short-run imbalance to correct

 itself without such serious growth effects.

There is reason to believe that Caribbean economies do react sharply

. to rigses in import prices. The reason lies in the nature of the commercial
oligopoly which controls the foreign trade segtor in all these territeries,
4 + Investment allocation may bhe affected by changes in relative

- Ll
prices (as distinct from cib‘anges in the price level) and bottlenecks in 'the

supply of foreign inputs. , .
/

Changes in relative prices are v difficult to-analyse. To begin
with, the relative prices of commodities are changing continuously, so that
it is difficult to pick a point of reference; furthermore, the impact of

. adjustment mechanisms is not instantaneous; hence there is difficulty in

' choosing an end point which represents the net effect of a particular dis-

B

turbance alone.
As compared with the situation immediately before controls are

- )
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imposed, we can expect that costs will rise more quickly for sectors which .
' .
use relatively more imported inputs, and that prices’of importables will
[f . rise. It is*highly probable, however, that, before 4ny re-allocation in response

. to these changes can take place, further relative price shifts will take place,
- L . «

v
perhaps as a result of wage pressures ox‘sexpenditur‘e switches(‘. We cannot
. A therefore argue that relative price changes will affect investment allocation
advergely, though we may anticipate some changes. e >y
-~ The disg\igsion of the price effects on investment is subject to
qualifications. We are dealing essentially with temporary disturbances, and
. we assume that the e#change and/for trade controls‘will be removed after the
£~ emergency has passed. Price levels will not fall, since we have assumed down-~
é ward infleiibility, but inflationaty tenSencies should cease once restrictions
g are - removed; price relatives willlpot return té the pre-emergency situation,
%& since domestic costs will now have risen, with d{'.ffer’ential impact on‘ various
: sectors, but it is to be’?zxpected that further r'e;adjustme‘nt of relative
1: 4

prices will accompany the removal of restrictions.’
. - 3

This raises the que'stion of expectations. If investors are optimis-

S e

tic about the performance of the economy, they may simply ignore the immediate

price disturbances in making their decisionms, though they would still have

\

to take account of rising costs. However, rises in costs and prices may them-
selves be mitigated by the knowledge that shortages will be only a temporavy
phenomenon. If pessimistic expectations prevail, on the other hand, the effects‘
discuss;ad above are more likely.

Another rider must be added, because, for a number of.institutional
)

reasons, industries and sectors of the economy do not respond to short-ruir

\

price movements, Exhaustive in-depth research of business behaviour in the L

Caribbean s till remains to be done, but it can certainly be maintained that

u
»

(‘ - /“
.
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' oligopolistic market structures and the dominance of multinational corpora-
. tions preclude the operation of a price mechanism as a guide to intersectoral

., resource allocation for much of the economy. ' Such adjustment as does take

place, then, may be largely confined to shifts among industries in those

.
a

sectors where some degree of market competition exists. -
: ‘ Whether or not price changes have a decisive impact, the effect

of shortagés of foreign inputs will be felt by the producing sectors. The

impact is not necessarily related to the pz:oportion aof foreign inputs used

in the industry, since lack of some essential imported input may shut down

the whole productive process. This kind of dislocation,-which may lead to

Lo

‘ iniloluntar'y unemployment of local resources, may be the most damaging result
g of the short-run expendittire switch. By the same token, .such dis;ocation is
H . .
g " more predictable than price effects, and there is some leeway in the granting
:; of import licences (or other selective controls on imports) to alleviate the ’
§ situation in vital areas.
Combined Costs of Adjustment ’ * |

Combining the costs of adjustment will be largely an empirical

: exercise. , One reason why this must be so is that certain factors, such :;ls
" the availability -of external credits, can only be established by referring
to concrete circumstances. Hov;ever, even where it might be possible, in prin-
ciple , to proviﬂe a theoretical costing of adjustment mechanisms, practical
limitations woul\r\nake such models diffe e|nt to apply. Lo | {

We can illustrate this by r‘efer:‘XDg to the costs of expenditure
switching. In theory, we cauld estimate the growth sacrifice from a given

? .

diversion of expenditure from the foreign trade sector by means of a linear program-
/ .

‘ " +ing model, for example. The model would specify the/str'uctures of production

and consumption, the parameters which govern economic interrelationships
1

s
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and the limitations of resource ayailability by which the economy is con-

strained. Once the complet'e\str‘uctur‘e is specified, it is possible to

determine the effect on the> ra?é\of growth of any value of the ingependent
variables, or any change in these\wﬂxr‘/iables. So that by changing the values
of the foreign exchange variables in such a model, we may derive growth
rate implications.

There is, at present, no such programming model for Jamaica, and
the immedliate prospects for e‘stablishing one are not great, in view of data
limitations. A model us‘ing the limited series presently available to esti%ate
its structure would probably produce,no greater degree of precision than
our own empirical method outlined below. |

The empirical method involves computing schedules of marginal
cost for each of tbe adjustment mechanisms available.l Let us say for example
that the marginal unit of needed adjustment is $1 million; then, as shown
in the accompanying table, a separate estimate is made of the cost of $1 million
external cred'it, $1 million expenditure reduction and $1 million expenditur;e
switching. In each case the estimate is based on an assessment of existing
economic posgjibilities; so that, for example, the cost of the first $1 million
of expenditure switching may well be éonsidered negligible, if authori£ies‘

»

believe that- non-essential expenditure of this amount may be restricted without
adverse effects. This exercise is rgpeated \so as to de;ive marginal cost
schedules for each alternative. The combined cost is then deduced by taking
the minimum value of the margina‘Ll cost at each point,

It may not be possible to fine-tune the marginal cost estimates.
It may therefore be necessary td de"fine larger marginal units, for instance

$5 million or $10 million. Also, it is evident that a large element of

judgement intervenes . in the calculations, and this is the reason we do not

’

7

1 The pripcipal involves computing the locus of minimum cost points and is i1lus
for ciptmuous curves) in Figure 6-3 gnd (for discrete amountsg)in Table '5_2
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attempt to perform the exercise in the course of this essay.

3
Table 6-2. Marginal Cost of Adjustment. ’
s B
' MU L ER ES Min.
1st
&11 812 813 331
2nd
En 822 823 €23
3rd '
81 | B32 83 . | B33
) ith Bi1 i2 g3 g2
.«
MU : marginal unit of adjustment needed 3 \ -
L : opportunity cost of foreign short-term credits
ER : opportunity cost of expenditure reduction
ES " : opportunity cost of expenditure switching

Min. : minimum value of L, ER and ES. '

-

Note: Each column gives the opportunity cost of the next unit of
adjustment as a growth rate sacrifice. In the final column

“\se choose.the minimum value of g for that row (the actual

vatues chosen in our illustration haverno significance; we

[N
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CHAPTER 7

Calculation of the Optimum Level of Reserves for Jamaica.
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A

‘

This chapter deals with the results of empirical tests of the model

outlined in the last three chapters. Here we specify and/evaluate Equation
w1, which is the centrepiece of the model. It should be\ recalled that
Equation y-1 is designed to provide an answer‘~ to the question: ‘'what i
level of reserves is Bptimal for a'jpam:icular country (Jamaica, in this
case) at.a given time?' We .are her\é‘ concerned to demonstrate how the

equation provides a specific answer to this question, once the following

are given: one, the horizon of the country's current development plan; and
two, t’he number of time periods for which the country wishes to provide |
some security against reserve exhéustion.

It might be noted that in‘this ol:'»jectiveAt‘he study stands ra‘ther
apart from previous investigations o;f the question. These have been addressed,
for the most part, to testing hypotheses which proffer an explanation of past \
reserve behaviour of various countries and/or to finding the degree of
security offered by a particular level of r'esepvesl. Our own approach, we
feel, goes a-little further than either of .thege, while incorporating both .
approaches in some fom.. For one ﬂ;ing, we do not regard the explanation of
the history of reserve movements as an end in itself,‘gbut rather as a means
to f;nd the probability distribution of the net demand for reserves; this
probability in turn helps us to find the reserve optimum. In formulating our
model ‘in this way we also incorporate the second approach, since the
i)robabi\lity c};stributic_m of net demand for reserves (together with the

existing reserve levels) is what determines the risk of running out of

reserves.’
N

1o date, Heller and Agarwal are the only ones to have provided a method of
determining the reserve optimum for a single coyntry; their method suffers
from an inadequate specification of the probability of“*r%serve depletion.

7/’/ -
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v

t If recent developments in exchange reserve theory are to be incorporated

PN

. into the management of reserves by national authorities, there must be a
feasible methodology for arriving at an optimal level of reserves. Only in
this way can the 'three-to-four-months-imports' rule of thumb be replaced by

a target level of reserves which reflects the economic aspirations and

N

¢ .

constraints of the country im question.

This chapter therefore focuses on demonstrating the feasibility of .

3

the method we have described for finding an optimum level of geserves in

w
MY 2

Jamaica. The planning horizon qhosén is/Five years; .we deduce, that much, *
economic planning in Jamaica is done with a five year perspective from the
* fact 6hat recently p‘ublished plans have all covered five years. Six months
‘was chosen as a reasonable time period for the monetary—fiscal—exchaﬁge
reserve a'{.lthority to project the cnoun‘try's requirements for precautionary:
and transactions reserves. The choice of period is not’ crucial to the
methodology in either case, apd if in fact the authorities'\time ho‘ri'zons
were different, then the calculations could be ;'epeated on the basis of

alternative horizons.

Our objective: then is to show how Equation u4-1 may be evaluated and

solved to determine the optimum reserve level for Jamaica at some chosen

time, given that the growth sacrifice is to be measured over a period of

' 53

five years and that levels. of security are to be measured over-.six months.
The detailgd solution of Equation y-1 is given in Appendix A.
Essentially,. the solution consists of the foilowing steps: first we fikd
the parameters of the,t'wo equations éiving the cost of the reserve stock
.and the coét of adjusFmept; these values are substituted in .4~1 to give an
‘ Lxﬁ‘mssion in which the expected cost is a function of reserve levels (R)

‘ ‘ ! !

and the net demand for reserves (D); this expression is integrated with

i

Ne
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.

" respect to D and evaluated for the appropriate limits (shown in Equatiop

» .

y-1). These operations-yjeld a cost equation which is a function of ‘reserves
alone. The optimum’reserve level is defined where the fupction has its

minimum point; we determine this by"plotting the graph of the cost function

<
A

in the region which covers all the values of R which appear to be feasiblel

and finding its minimum poiqtz. . N

We go on now to a description of the dhta employed and the sources

from which they were obtained. This is followed by a section in which' we
. o '
demonstrate how to calculate . the parameters of the cost equation, j.e. the

fipst step outlined in the last paragraph. There are three distinct

)

procedures here: one to determine the propensity to import (m) and the

growth rate” of 'exports (%) in the first cost equation} a second to determ’fne .

the variance of the net*demand for reserves; and a third to determine the
. o "

parameters of the cost-of-adjustment equation. This information allows us

to solve L-1, and the resulting graph is plotted in the third section,

where its properties are discussed and the optimum level of reserves is

determined. This section concludes with obserVations on the differences

. between t}’e‘ actual level of reserves in Jamaica, the calculated optimum and

¢

the levels which would have been ‘established under the 'rule of thumb'

methdd of establishing reserve targets.

1 ﬂ'h,e 'feasible' region chosen varies widely from reserve levels close to

zéro up to 40% of national income.

¢

r

An algrbralc solutlon appears possmle but is exceedingly 1nvolved.
i
l
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The Data

Two sets of data are required to make the model operational. There is

f first of all the series needed for the regression equation to explain

‘reserye moyemer'nt. The variables involved here are reserves, money. sup'pl'y
changes, exports, capifal inflows and govermment expenditu:e\s; for these
variables we employ” a monthly series. The second set of vapi,a,bles)are
used to estimate the parametc;rs of the equations which establish the
opportunity cdst of reserve holding. Variables in this set are national
income, forei«gn’neceipts and fgreign pa};mer,xts, domestic saving and dox‘nestic

investment; here annual time series data ar® appropriate.

The sources of the monthly series are (a) the Bank of Jamaica's

monthly Statistical Digest and (b) the Jamaica Government Deplarffnent of

Statistics! monthly Abstractlof Trade Statistics'. _We have defined ré‘sez'ves

, v

to include the total of "official" reserves derived from Bank of Jamaica

data.. Official reserves comprise the holdings of the Central Government,
.- . . s

together with those of the Central Bank. The justification for this

.

N

definition is given in Chapter One. The period of analysis begins in
Januq,rg} 1969 and~ ends in Decembep 1971. The period was dict‘ated by data
considerations.” As of January 1969 the Bank of Jamaica's series for
r_eéerfves was adjusted by the exclusion of statutory sinking funds; since
the information on‘the market values of these “assets is not available f;r
earlier years, the adjustment cannot be pushed further back. The earlier
data might be employed (at some risk) by including a shift parameter to
accompany them, but‘ this wo\;ld introduce éistortigm" if there had been
substantial fluctuations in the value of sinking fund assets during thg
period. This possibiiity was not pursued be‘ca;:se an adequate number of
subseq’uent observations was'available. The end-point 'was dictated by the
aVaileb‘ility of ldata. not on reserves, but on the series for other variables, .

-~ ~
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at the time the regressions were run. d _
' . The conventional definition of money supply (currency and demand
- deposits) was used in qur tests. There is some feeling among economists N

in the Caribbean that the broader‘gefinit*ion (including time and savings

deposifs as well) is more meaningful since savings deposits, at any rate,

are often used in much the same way as demand depositsl. The question is,

]
'

in the Caribbean as elsewhere, still unresolved, and we therefore stick to
4 v .
3 the narrow conventional definition. The Bank of Jamaica is the gource for
money supply and government expenditure as well. The expenditure covers

both current and capital account. "
Capital\inflows and exports are taken from the Statistics Depart.ment
publication. Exports .consist of' vigible items only; total receipts from
abr;aad would have been preferable, b\ft this series is not available monthly.
There is" a possible source of bias here, si;xéé the seasonal fluctu\ations in
invisible ear;rximgs\ (tourism) ft‘)l’low a pattern somewhat different 'from that
of the visible items2. In subsequent analysis some proxy for tourist
earnings Zfor example, arrivals data) might be tried, but the available-

proxies are not very gooda, so this modification is not introduced into our

exp lanatory’ equation. (

L

Imports of capital goods is the proxy used for capital inflowss - 'fhe two

sources of error to which this préxy is vulnerable derive from (a) the fact

‘that there may be lags between the inflow of Gapital and its deployment to

o

" purchase imporés and (b) not all capital inflows will be used to bqu

s

,

1gee Nugent Miller, Commercial Banking in Jémica; I.S.E.R. , U.W.I.(mimeo) "
. 1970. ' L )

bY

]

2 gee Chapter Two.

3 For example, tourist exi:endiﬂt‘ure' does not follow the trend of tourist arrivals
closely, because average expenditures {iffer at, different times during the year.

o . v )

¢
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. di‘rectly or indirectly, and not all imports so purchased will be capital ., ,
¢ P . g6ods. A further problem is how "capipal goods" are defined; we use

‘selected categories at a fairly aggregate levell,
In view of the data limi}a‘cione on these last two variabl;ss we may )

ask whether the particular formulation of our explanatory equation can in

-

fact be useful to policy makers. If the data requirements are beyond the

»

system's capacity to produce, the model cannot be made to work. I think it
“ . 4 -

is true to say that. the required data, though not currently availabde in

published form, can be generated by the authorities Jusing existing mechanisms,

-~

in particular the Exchange Contro‘i- system. Since all legitimate foreign

currency transactions are now ‘monitored by the Bank of Jamaica's Exchange

H
;;
]
v

Control Department the Bank should be able to,generate an up-to-date series
for r?Ceipts from abroad and capital inflows on a monthly basis using
information currently being collected. Thus, in practice, policy makers
need not be hamstrung by data limitations as we are in this exercise.

'I'he Department of Statistics' National Income and Product publications

ar@ the source for the annual time socies. We can obtain information on

total foreign excha.nge receipts and payments on an annual basis, and these

re the definitions ;sed for "exports" and "mports" respectively in

equation 6-5. A consistent series is avai«fhblg for these variables, as well

aé national incom'e&, domestic saving and domestic investment, from 1960 throughﬁ \
1972 The data are éngiven in current prices, however, and if we are to

‘estimate real 'opportw}ity costs we ought to apply pr_'ice corrections. Un-

fortunatély the only index of price changes available is that for retail

)

1 Section 7 "Machinery and Transport equlpmént"’ plus 81 "prefabricated
buildings, plumbing, heating and fixtures". \

2
» \
‘
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‘We will estimate the parameters of this equation from
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prices, and its limitations as a genegal price deflator have already been

) ¥ P

mentioned (Chapter Two). It is used nevertheless in the absence of other

price deflators.

. Estimating the Parametars of the Cost Equation .

(1)  The Regression Equation for Net Foreign Ex¢hange Eaming

g

The estimating equation for the net reserve demand is derived from

4

the expression. for reserw“re'changes given in Chapter ?6u‘r:

741, AR = R ( AMS, X, K, G) .
Assuming that the relationship is linear, the exact expression for ény time

+

period (t) becomes

7=2. | - AR‘t = OCO - DcleS 4“2 X (Xa Kt _(xu é‘t.

[}

" The rationale for'the signs of the coefficients ( O(,i) is given in Chapter °

3 ’ .\’ - .
Five; they represent the most likely outcomes, though we saw there that

—

there may be factor% making for "perverse" influences - in-seme cases. -However,
. \ ‘

T N

apart from such influences, we would expect increases in money supply and
1ncreases in govemment spending to dead to loss of reserves, while
lncreasing capital inflows and exports should lead to accumulation of

reserves. . -

Since we wish to arrive at reserve levels at any chosen time, it-is

2 v
.

'lnom‘convenie"ﬁt\ to express 7-2 as

t-1.

.

7-3, L T ‘WK - 5
: R, o Oclz}usﬁ &, %, t 'K - XG + R

i
7 -k, " R-= @ -B. AMs + BK - L
t @o -Fl " szt' ‘Ba t ﬁuet+(55“t-1 ,’: K

where. wé exisect the coefficients to have the following properties:

e ‘ _
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.

o
g
-

[

)

C T
' (a) '51 and F“ ! negative; . . "
. - (b) ~F>2 and Fa : positive; i

- ~ (e)

q(35=1 | .

The results of this regression are given in Table 7-1. Only the

-

coefficients of exports and Rt are significant. at the 1% level, and of

-1
these, -R._; is significm;tly different from unit-)'(,) which is ‘the'val\.ie we
eéxpect a griori. If‘we reduge “the rigour’ of oﬁr test, the coefficients /
associ‘at'led with gove;nment expénditure and capital inflows become ~sigl'l:lficant
.at-the 10% level, but the coefficient of money supply che;ngeq remains
‘ir;significanbt. The coefficient of ca;;ital inflows has‘th? ‘expect§ sign, »but
government spendintggand money suppl;r‘ changes show up with positive coefficients
where negatiwfe ones were expected. (There is, we may recall .from Chapter’
Six , one set of circumstances wl;ich might lead us to expect this result '
for government expenditure). | ‘

The co;ffic;ien%s were expected to put \in.a rather incfifferept pe'rfomanlce

because we have strong reason to suspect multicollinearity between the

explanatory variables. Multicollinearity leads to a 1453 of precision in

A
variances for the estimates and highly cormelated errors. " It follows that

—r

A i .
.‘a great deal of insight into ‘the causal links between explanatory and dependent

’

variables cannot be gleaned from our results, Nevertheless, as we noted-:

" earlier, this factor, though disappointing, does not. pose a diff:ldult“y for

¥

preﬁictions, 8o long as the essential features of the system remain the

same. Since the explanatory power of our equation is as high as Qu.é%, as

confused with reserves

measured by RZ (the gonventional statistic, not to be
. . e

3
2

kt), we have some basis for making predictions.

. _ o v
. eastimation, with the probabil}ty of large errors in the estimates, large -

o
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. . Table 7-1, Estimation of Reserve Movements _ B Ve
N . o. 'vl Lﬂ
N ‘ Explmatory I . C
1 - “R.
. Variable ' Inter-cept. l‘lSt )(t - Kt Gt . Rt-‘"l
o 1 Value of
. associated | to. SN ‘ -
, coefficient $12.5m. °0.01 0.79 0.36 0.20° 072
% 3 ) ' A f-!‘atio . 2-53 ’ o.ou 3!17 1.59 ‘ 'lcul 12093 .
; : . ;
g 4 : -
\ - & °
No. of observations: U6 . )
' Por 40df, t(.1)= 1.303, t(.05) = 1.684 and t{(. 01) = 2,423
O I+
! .o S;andard errx of the estimate = $4.49 m.
= 0.9u8
. *Large sample test for serial correlation with lagged dependent
N . variables:

h = 1,387

S

. . . . ) &
(Durbin - Watson Statistic = 1.63) -

. Prediction for June 1972: Expected value of R = $155. 8m. -
T . . ) Standard error of the prediction = $4.87m:




F

/'vum"'

Another p ential problem we face in using the equation for prediction

e presenée of lagged values of the dependent variable. We can

, . %
get aroyné this problem if the residuals from the equation can be shown

still’ to possess the usual in@ependenq normal distribution. If they do,
then estimates shouJ:d not bé significantly biased for samples as large as
ours. We apply a recentlyﬁggg/gg{t,ed%ét for serial correlation Yn equatiors
with lagged v iab/];dé—%]%gtatistic of Table 7-1)1. h is ,standard

normal, and the hypothesis of zero autocorrelation may be accépted at the

. 5% level with an h-value of 1.387.

Hur estimation procedures require the ‘usual assumptions that the
e~xplana’tor"y variables be non-stochastic and error free. We satisfy the
first condition insofar as the variables are poliby instruments or deter-

ministic in some sense. The second condition is more problematic, as is

evident from'ou)descriptibn of the data eznployed.

+

We also require further assumptions on the behaviour of the residuals,

i

i/

1 See J.Johnston, Econometric Methods, {2nd edition) p. 312, Thé test is
for large samples (Johnston suggests ovér thirty gbservations); it {s based
on the first order correlation coefficient, defined as ,

. . . N A

Mo

©

ey
-~

e
]

—:'.!
i[n
0t
) 1

-+
S
N

, €

1

where ¢ ¢ are the residuals computed from OLS estimates, If we form

7 ﬁ ‘

\

: h 3 or [—ho ' .
Y4 . l1-n 5(b1) : .
.ii ¥
} L

t

where Q(b )hii the estimate of the sampling variance of the coefficient of
_Re.1s the lagged value of the dependent variable, then R is tested as a

standard nomll deviate. X .

» ' .

It
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which should be normally distributed with zero means and constant variances.

The fact that the residuals are uncorrelated in an equation which has good

A

explanatory power would suggest that the assumption of zero means is not

uynrealistic; the assumption of at least an approximately normal distribution

.
-

is’made more plausible by‘the fact that we have a rea;qnably large number of
obgervations; and wé may now test the results we obtain to see whether the
assuﬁption of constsnt variance can be supported.

~=" Qur test leads to the rejection of the homosce&astic hypothesis. The
test is based on the hypothesis 01; homogeneous variances for the dependent

variable, but it is argued that with a 'well-specified regression function'

the variation around the mean of the dependent variable will be 'very close

’

. to the variation about that function'l. The R-observations-are arranged in

ascending order and divided into six ‘cldsses. A ratio is computed which
has, as its numerator, the product of the variances of each class (yeighted

by the size of.the class), and as its denominator, the variance of the

_whole series (weighted by the total number of observations). Twice the

. 2 .
negative of the logarithm of this ratio.yields a X ~ variable whose value

s

turns out to be 78.93, a value which leads to the rejection of the hypoth

: 2
of homoscedasticity at the one percent level ( X . for five degrees of
t

freedom at 1% is 15.09)2?

4

@ .
1 J.Johnston, opt.cit., p. 218, . »

2 The formula may be written as follows:

m -
: n
N m (31/ )1/2 ¢ 5y )z"i/xz
R i=
. 1 ) ni Z.ni )
where m is the number of classes, n; the number of observations -in the fﬁl
class and \ . -
i - .
=1 ”, i
= -2 log A

is distributed as X} with (m-1) degrees of freedom.
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' Alternative Forms of the Regres'sﬁ-ion

We tried a number of alternative formulations of the regressionr
equation. The details are given in Abéendix C. Two of the alternatives .
are based on different economic:approaghes to reserve determination, another
is a purely statistical specification, others introduce lagged explanatory
variables, one concentrates on the most significant‘vgriables only, and
there are two which neglect the lagged dependent variable. The specific
forms are préseﬁfed in Appendix c, toéether with their results.

' -The overall level of significaﬁce (measureé by R2) remained high
thr;uéhout, though there was a sqbstaﬁtial difference bet&een those equétibns
where R, _; was excluded_and the rest. However, even when Reo1 is excluded,
the lowest value of K2 is still a significant 73.5%, There is evidently a
purely statistical element in-fﬁe regression, repfese&tgd by Rt-l' However,
the economic variables on their own have significant explanator& power.‘

& . The coefficients of‘the iﬁdividual viariables, are -in general no more

-+ -

reliable than for our first equation. The fficients of R, _, and Xt

are always significant, and these vari;b’fés alone give an B2 of 94:3%. The
. / (9

coefficient of G always has the wrong sign and is not usually significant;
the money supply is another poor performer, with wrong signs and insignificant
-coefficients for the most part, but money supply levels do a little better

than money supply changes. K shows up in most cases with a coefficient '

significant only at the 10% level. Howévex‘, when Riy is dropped, its level

2, ) . B . ] .. ,
of sigriificance rises considerably.
. The standard error of the es‘t‘iti\ate records a maximum value of $10.1

millioﬁ, a value which occurs when R,_, is dropped. This is over twice the

error .in our preferred equation, and the equations in which it ocecurs are

" hard to support on a priori grounds.
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‘ We determined on the form of the equation which was first described

. " for the following reasons, First, we feel it has the strongest a priori

4 justification, as established by our analysis in Chapter Five. Secondly,

this equation as estimated fits the data well, and the comparison with

3 alternative formulations suggests that this fit does not arise from trivial

reasons. Thirdly, none of the' altermative equations offers a solution to

the problems of multicollinearity and heteroscedasticity, which are the

b ]
. main {problems of the original formulation.

t

(2) The Variance of Net Foreign Exchange Earnings ‘

’

The mgmésion equation of Sub-section One is needed to provide us '
.« with an est;’Lmate of the variﬁnce of net foreign exchange earnings. 1In
previous studies of foreign exchange reserves several variables imave t:een
Jused to represent the variation in foredign transactions. The more common
ones are the coefficients of variation (or the standard deviation) of
reserves, of exports,. of.( imports, or of the balance of visible tragel. The
difficulty with exports, imports and visible trade is that they‘ represent
only a part of total external transactio‘ns and are «theééfoze an inadequate
A mfleg;don of tr:ansactions variation. Reéerve;, the mirror image of net
foreign transactions, is the variable to be preferred. .

‘ .
/\ However, simply to take the coefficient of variation of reserves is

to imply that the movement of reserves is entirely stochastic. The burden
of our analysis in Chapter Five is that reserxe variation is due to systematic

-influences as well as stochastic factors. This has been recognised in the

S

&

1 There is a 1ist of variables which have been used in previous studies in
John Williamson, 'International quu1dlty A Survey', Economic Jourmnal, Sept.

‘ *1973,/p. 695.
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l‘iterature by Kenen and Yudin.and by Archibald and Richmqndl; both studics
derived thcir estimate of reserve variation after allowing for systematic
influences on the reserve series by using thc estimated standard deviation
of the residuals in an equation in whith reserves are regressed against
predetermined variables, l In the two cases mentioned, however, the explanation
of syétematic reserve move;nents is purely statistical. Reserves are given
as a function of time (in one case) and theit lagged value ( in %th cases),
We have extended -the argument by attempting to explain systematic variation -
in reserves as a function of economic forces rather than simply as a ™
statistical function (although we _have estimated the statistical function
for comparative purposes; see Appendix.C).

Formally, our model (and those of Kenen-Yudin and Archibald-Richmond)

substitutes the estimate of

l . v (R] X)) i31,2 ...

for the estimate of V(R). (V(R) sta:Z]s for the variance of R: V(R Xi) is
the variance of R; ,given the values of predetermined variables X;). If it
is accepted that net f5¥eign trarusactioas (and hence reserves) are subject
to systematic influences, then thils is clearly an improvemeft. Furtixemore .-
an economic explanation of reserve movemcnts is preferable to a purely

.

statistical one. Unless the economic logic of the model is flawed, it will
] - -

" reduce the area of ignorance and hence the degree of uncertainty.

1 p.B.Kenen and E. Yudin, 'The Demand for International Reserves', Review of
Ecohomics and Statistics, Aug. 1975; G.C.Archibald and J. Richmond 'On the

Theory of Foreign Exchange Reserve Requiren‘ents Review of Economic Studies,
Apml 1971.
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Following this line of argument, the variance of net foreign exchange
. . earmnings is estimated from the variance of the rando;nly distributed pesiduals
(§) in our regression equation. Now the variance of ¥ in Equation 7-Y4 is
a estimated simply by o‘z, the (square of the) standard error of the estimate.

If there were no added sourc‘es of error due to the expl-anatory variables;

N this would also be the variance of expected resewes, six months hence

\ (measuring time from December 1971) We may however allow for eErors

arising from the explanatory variables, using the standard error of the

- . :
prediction. as (the square root of) our estimate of the variance of reserves.
~

This gives a value for the estimate of the standard deviation of reserves of
$4.87 million; the values of R and D in Equation u4-1 are standardised by
this value .in order to produce a standard normal variable,

\ . . , 2
(3) Estimating the Parameters of the Cost Equation,

The equation which is used to determine the growth-cost of particular
levels of reserves (c'l) is given in Chapter Six. Two versions are presented,
together with the reasons why we use the trade;g\%l'p_\ver'sion instead of the
savings-investment version. The parameters to be es\t\i‘mqged for these
equation$ are the propensity to import (m), fhe ﬁropensit&\‘to save '(0(), the
incre\mental capital-output ratio (k) and the growth rate of exports ().
k is estimated in Chap.ter Six, the es’timates'of the other parameters are ,

derived by performing regressions on equations 6 -3 (for m), 6 ~10 (forX ) and

6-18 (for x).

ik ‘;‘

\\\ -~
! See Carl Christ, Econometric Models and Methods, John Wiley, 1968, p. 550%
the variance of the predictiom 1s-the sum of the variances of the intercept,

the coefflclents of the\independeg variables and the residuals.
~.

2 'l'he estimates relate to cl"*ly;\gis”aﬂs“"‘d constant (see following

‘ ‘ section).
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The regression equations are as follows (t-ratios in brackets)

7-5. Mt = 194.5-% 0,80 (Yt - Yo)’ R 2 -b 977, D --W = 3.01. .
s - ' (19.36) (21.83) , R "
- - ‘ .2 f
706 8y 8.1 % 0.20 (Y, -y ), R® = 0,839, D~ W = 1.81.
(12.01) (7.69) . ’
7-7.  log X, = 2.31.+ 0.0199 t, - R = 0.936, D - W 5 1,60.

" axis and the growth rate associated withy each reserve level is plotted

(219.61)  (12.79)

»

These equations yield values of 0.8, 0.2 and 0.047 for m, Xand x respectively.

These estimates are the.bases of Equations §19 and.§-20. It is 6-19
which we use to determine the cost of the reserve stock. We express the

expected reserve level (R-D) as a ratio to base period income (Y ) and replace

4 0y
A

Ft/Yo with this variable. By this we imply that the stock of r'eserw,:es—
) ) ) ’ - 3 »
represented by (R-D)/y will have growth effects given by 6-19 if it were
- o

used to expand productive capacity. The notation ¢, (R-D) stagbs for a
variable g (the rate of growth which has- to be Sacme.ced) which is a functlon

-

of (R-D). This variable is derived directly from 6-19 (see Appendxx A).

The Cost Curve

The graph on which we plot the growth-cost of dif’ierent legvels of

foreign reserve holding ldes at the core of our model. It is shown as I
" . ’
Figure 7-1, where the level of reserves is measured along the hoﬂzontal

[ 4

vertically. The curve is derived from equation 4-1, which has to be solved

/

i
™ v

\
! 1

‘1 p-W stands for the value of the Durbin-Watson statistic; it rex‘réais negative

autocorrelation in equation 7-5 (the values of D-W in 7-6.and 7-7 are consistent
with the hypothesis of zero autocorpelation) I’he presence pf autocorre%ataon
does not bias the estimate of m, -though it makes" the associated value of 54 axf

‘unreliable guide to its signiflcance. -

. , - ;
\ temaT, [
3 «

«
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and evaluated for the relevant range of values of R.

A method of solving Equation y-1 is developed in Appendix .A. [The

‘

prior information required is the value of the parameter's both pf
cost functlons and of the dlstmbutlon functmn of D. These have all been

developed earlier. . As far as ¢, (the cost of‘the reserve stock) i
, ;

the relevant parameters (the' import coefficients -(m) and the rate

As for c, (the cost of adjustment), we noted in Chapter Six the (1 fflculty

R / )

. of determmmg quantitatively and in general terms what this costtwahld be.

1
We have therefore taken the simplest assumption, of constant unit costs , as
3

. @ working hypothesis, always bearing in mind that we must Qualify the
results of the analysis to take account of this. The standard deviation of

the precautionary demand was derived in the section before the last., The

vakme obtainéd is used to standardise the values used in the cost equations

. 4 . . .
Id . * :
so that in subsequent manipulations we have a random variable which is
. P . ".7 .

standard normal, As is evident from Appendix A, this eases the comput‘gtlon

)

Lo, . . C -
/consmerably. .,

4 7 v ]

‘One or t‘wo comments about the evaluation of -1 an% m order. The

N4
pt-oblem of the integration Aymits forced the use of numemcal methods. "The

equatigqn had to be solved/f’or values of R one at a time. Thus, in the

inltial manipulations R is a constant and we can evaluate the J.ntegral for

one particular value of R. Because R is an mtegratlon limlt, this, procedure
{ "

yields an éxpression in terms of R, and the expression is'tben valued at

dJ:. fferent R-leVels. s

) . )
1 The mtegei'-vame of c; was s;/f at unity for want of justification for any
other.specific value. However; in order to obtain the correct order of
magnitude’ for growth rates (i.e. betWeen 0.1% and 10% rather than 10% to
1000%), the actual value of 0.01 (in absolute terms) was used; also, because

we have specified-c, as a function of (R-D) rather than (D-R), ¢y must be
negative. ’ ) N .

[ .
- 7

R b o . [
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i The Opportunity Cost of Reserves in Jamaica, Measured in Te . -
Figure 7-1. e Opp ; . %
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‘ _ The calculations in Appendix A refer to only one year, year five of
. ° the planning period. In 'line with our earlier discussion we would prefer to

. i look &t the growth cost of reserves over the entire planning period. The

L0

more elegant method of accomplishing this is to sum equation 65 over all

J ' ! .
values of t by treating the elements of that equation as a geometric

\
-

progressionl. . However, this procedure prevents integration by the method
of Appendix A because a "g'" now appears in the denominator of A-2. As a
result, we are forced to use the more cumbersome method of repeating the
§ - calculation of Appendix A for values .of t from one to five, The costs for
2 any value of R (say R,) are accumulated and plotted against the value .of
: SRo' In effect, the total cost o:f reserves eqx;él to SRO over five years is
¢ | ) seen as the sum of the opportunity costs of ‘reserves equal to Ro in each of
the five years. D . . ’

The curve of Figure 7-1 gives the cumulative growth rafe ( ov.er\ five
years) associated with each level of reserves. Reserve lgwiéls are measured

on the ‘horizontal axis as ratios to national income in’ 1871, which is taken

to be the base year .of the planning period. The.x'ates“ of growth, measured

on the vertlcal axiag are compounded from the/rate obtained for each of the

* /

, five years as explamed in the last para,gfaph and demonstrated in Appendlx

A.'., Thus we can deduce, for example,/t‘ﬁat the opportunlty cost of a reserve '

level of $36.2 million (= 0.04 on/éne horizontal scale) is a’ growth sacriflce

©

of 2.2% over the five years o jée plan period (This is the total growth

\7 : sacrifice over the pemod// ‘not the per annum average) The cost of any

yl

reserve level may Be ger“ived in similar fashionm,

/ ‘ ~

/

4

1 This yieldé/ the.following equation: . .

. < L.
S ’ - T
- L . ¢
. . . )

t .
ZF y T+l : 'ot+l
SR 7Y 2 (t-1) (mg-m) 4 M 14+ 8) -1 - x /v T -1
- 8o f:_/ ‘ Mo + 2 [(+s( ] o/o[(_.’.‘.’.‘l;__

v
< ‘ F—
4 . -
’w B e . . o
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The optimum level of reserves can be, found By-inspection\at,

R/yo = 0.12, with an qppqriunity cost of 1.2%. This gives us a value of
$108.6 million for the optimum. The cost ?f this level of reserves may

be regarded as the cost of,maintaining"any or all of thg economic structures
- and policies which establish the parameters of the cost equation. This
follows from the fact.that it-is possible, in theoryy to abtain a value 'of
zefo for R/Y = 0.12 if there are c¢hanges in ‘the values of the exchange
rate, the prOpen51ty to import, the growth rate of exports, the variablllty
of reserves and policies of balance of payments ad?ustment.

However, our main concern is to examine the implicatio;s of the
calculated ogtimum resefve level for resérve holdings at December 1971 and
reserve Policy during the ensuing six months%. The actual value of reserves
at December 1971 was $139.0‘mil;ion, equiYaiént to an R/Yo value of O.l?
and’yieiding an opportunity-cost of 1.6% over five years. The expected
value of reserves for June 1972, ?rojecting ffﬁﬁ December 1971, was $155.8

mildNon _(R/Yo % 0.17). The opportunity cost of this level of reserves was

'

2.0% over five years. ~ 5 D

The rule of thumb whiﬁh is oftén applied to reserve managemgnt,is to,
. get the target level of reserves at the equivalent of three to-feur months'
imports. Using the average monthly 1mports for 1971, this would have given
a range from $114.9 m}llion to $153.2 million for reserves: The lower limit
is close enough to the optdmum to have the same opportunity cost (1:2%

growth sacrlflce) but the upper’iimlt would imply a sacrifice of 2. 0%

oo
4 ' ¢ ?
'

growth.

T a

Although we will draw inferences from Figute 7 1 only for six mopths,
information on policies to the end of 1972 is provided in order t pﬁesent
a complete picture of exchange reserve policies in Jamaica.
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. i
Guidelines' for the management of reserves can be derived from the

cost curve, and these aﬁe to be contrasted with the implications of the '
rule of thumb in the last paragraph. In the first place, there is a range

of values of reserves from $50.7 million CR/Y° = 0,056) to $140.2 million

(R/Y, = 0.155) within which the cost of reserves is never more' than 0.5%
above the cost of the optimum level. This suggests that, unde; the
conditions prevailing in Jamaica at the end of 1971, the authorities could
\be relatively complacent when confronted witb any level of reserves in

this range. The policy which mightvfollow from a curve such as Figure 7-1
would be to set thresholds for adjustmént at the limiting values of this
r;nhel. Within the ;ange reserves w?uid'find their own level; outside it,
there‘,ould bg corrective po{fcy adjustment. This suggestion is developed
in the next chapter. . ,
As we saw above, the rule of ' thumb also gives a range, which partly
overlaps that derived‘f;om our calculations. However, fhis rule léads, by
and large,to higher reserve levels and the possibility of costs in expess of

the 0.5% threshold. Moreover, since the optimum reserve level is outside this

.

range, .there would be a tendency tp maintain "excessive" reserves.
Our second management guideline is derived from the slopeyof the cost
curve. The Blopes at various points on the curve ave steeper*iprvvaiueé less

than 0.06 and greater than 0.14 than they are for the values in between. If 4

4~

@

= There is nothing sacroscanct, gboutthe choice of 0.5% growth for defining
the threshold., A less congervative ‘authority, or one that was more confident
of its ability to make reliable predictions and institute policies with
measurable effects, might impose a closer limit in an attempt to make marginal

gains in growth. ' .

L}
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we take the Qalue‘0.0I'as our marginal unit for R/Yo’ thé’hapginal'cost of
the fifth unit, for example,wis'—o.u%, as Eompared with a marginal cost of
-0.05% for the ninth Lnit. On the other siéq of the optimum;'the marginal
cost‘doubles f;om 0.1% for the thirteenth unit to 0.2% for the sixteenth.
In fact it can be readily seen that marginal c¢osts decline more and more
gently as R/yo rises to 0.12., Beyond 0.12, marginal costs rise, slowly

* (butvnot so slowly as in‘theifinal declining phas;) and then a little more
quickly (but not so quickly as in the earlier phase of their decline).
These features suggest guidelines for the speed of adjustment in fesponse

® to discrepancies between optihum'and expected leveis of reserves., 1In the
area whéré marginal cohté are low, adjustment might be slow and in moderate °

amounts. As marginal costs increase, it becdmes neeessary to adjust fully

" and more quickly. Furthermore, because the rate of increase in costs (moving

from righ£ to left) is greater for very low reserve levels than the rate of
incre;se (moving from left to right) for very high levels, especial care
must be taken to avoid‘a stock-out. This is another issue which is take;
up in Chapter Eight. ;

ye turn now to an examination of Jamaican monetary and intérnationalv
reserves policy during 1972 to see whether our modei gives any insight inte
actual evgnts: Reserves rose rapidly during the first quarter of 1972 to
reach a peak of $163.5 million at the end of March. This was ;chieveQ
without any changes im monetary ani»fiscal policy. The high levels of

reserveés were seen by the authorities rather as a matter for congratulation

than for concern, 'an attitude which probably reflects the opinion that

' the costs of high levels ¢f reserves is not greét. The. opportunity cost

turns out to be 2.2% growth over five years, fully one percent above the

optimal cost.

The Jamaican authorities may have'been-guided by the rule of thumb

‘

D NN R TN DT ar, 44
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. . for reserve management. By this yardstick reserves v;ould still be excessive,
but not significantly‘so, if the upper limit were used as a guide.
Alternatively, it may be that there was no productive means of employ;'.ng
. - the excess reserves in fhe' short run and no long run projects co;xld be

put into effect at short notice. Finally, the authorities may have had

reason to expect the change'in the country's trading fortunes which soon

followed.

. The remainder of 1972 was in contrast to thev first quarter. ‘Reserve
levels declined w.ith ir;cr-easing rapidity from the end of April onwards. By
‘ November, when they reached their minimum for the year, they stcod at
$115.7 million, a fall of $47.8 million over eight months. The Jamaican
authorities clle.arly held a more conservative view of required reserve leve‘ls
than our results. indicate, for they considered that this situation required
rr%mgdial action,,evén though the November reserve leve;l. was a little hiéher
than our optimum. .
“The Bank of Jamaica felt that adjustment measures were requifed as
early as June,-when reserves stood at $138.6 lmil]‘.ion,sti.ll $30.6 million

S .
too high, by our reckoning.  The measures introduced at the end of June were

both monetary and fiscal and included':- . ‘ . »

» (1) an initiative to reduce Bank of Jamaica le;mding to
commercial banks;

(i) an increase (from 5% to 6%) in the Bank Rate; |
(ifi) incr;eases in“stipulated deposit and lending -rates;
(iv) ‘an increase in s:tatutory liquid assets méuimme}lts;
(v) ' intenéificat\ion of exchange control measures; and
(v.ri) selected import restz)igtions.‘

R \
’ s 0~

’

Y

o

ol Bank of Jamaica Report for Year Ended 31 Decemben, 1972, p.U4.:

v o
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.

The extensiveness of these measures indicates the degree of contern

about the reserve situation even at this stage. It is not surprising,
therefore, that the continuing decline in reserves elicited Further adjust-
ment measures in November when quantitative restrictions were placed on

commercial bank advances. ]

Conclusion. '

d'hap_ter- Seven contains the kernel' of the sfudy. Here® we have brought

together all the elements of the model, provided empirical specification
4 R .
and given a method of solution for obtaining the optimum level of reserves.,

4 L} N

The stages we went through in order to arrive at the solu;ioh reflect the

- important features of the model. First, the estima%e of the wvariance of net
foreign exchange reserves is derived after accounting for the systematic
effects of economic policy and state variables; then the cost of stockpiling
reserves is measured in terms of g;-owth sacrificed, aé is the cost of
adjusting to a reserve stock-out; and finaily, the growth cost, weighted by
the probability distribution of, net ieserves, is minimised to determine the
optimun reserve level, |

The model is feasible and yields results which do not appear

unreasonable in tHe light of developments subsequent to the period of the

‘ t

test. Furthermore, it provides a means of critically evaluating the

fé;eign‘e’ichange policies of the Jamaican authorities. It has been necessary,
-however, to make & number of simplifying assumptions. Some of these are
examined in the next chapter which deals with modifications and extensions

which might ¥e worthy of attention in future work designed to advance the .

theory of ft;(reign exchange reserves,

¥
]
H
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CHAPTER 8 .

Modifications and Extensions
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e

In this chapter we relax some of the assumﬁtions which were made

- in the empirical work. We wish to discover whether the model remains

. feasible under slightly less restrictive conditions.

~

In the process,

we suggest directions in which further development of reserve theory

might proceed, ¢
&

3

The assumptions which are modified or removed have to do with the

cost’ equations, the nature of the adjustment process, aqﬁ the exéﬁangq

rate., Up to this point the parameters of the equations giving the

growth-costs "of reserves and adjustment have been kept fixed.” The first

section of this chapter discusses whether this assumption is realistic
1 3

-and suggests ways of treating non-constant parameteré. In the second

section, we remove the assumption that there is no adjustmeht to balance
i

of payments disturbances until reserves run out.
¢ .

decision rules and ways of implementing théh.

We suggest alteérnative

The third section deals

briefly with the implications of the-floating exchange rate regime;

hitherto the exchange rate has been assumed fixed. : B
° A ’

. . !

Changes in the Parameters of the Cost Functions

We begin with Ze "cl" cost of reserves, the opl‘por'tunity cost of

maxntaining a/stock f reserves. The parametené on which'this cost

-,depends/;ye the marglna;/propen81 y tq//mppf% (m), the growth rate of
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hJ

Exports perhaps presents the, greater difficulty, since the principal

determining factors here are exogenous. For example, .in 1974 Ja@aipa'sd
agricultural exports benefited from a significant rise in sugar prices
which could not have been foreseen in 1971.1 There is some scope for.
determiniﬁg\éxport growth‘whege new products, new hgrkets or new

resources are to be introduced or exploited in accordance with specific
‘ L]

-

policy guidelines. Similarly, greater determinism may be had if the

L]

gpvernmenf proposes such guidelines for existing activities. Some

4

modification to the projection of export growthlcan'be made to take

account of these and other policies which will affect export growth dn

- Pl

a determinate way, but the basic estimation still has to be done on

the basis of extrapolation from past tfends, which is what we have done.

~

The propensity to import may be less unpredictable, since it
depends on domesti¢ factors. The reliability of our estimate depends
on our understanding and explanation of the factors which determine import

. levels, Our estimating eqﬁation ébecifies imports as a function of

!

income alone, which is a simplification. In theory, anyway, imports

+ ought also to‘pespond.ta changes in import prices relative to domestic
o . ) '
prices, to political and sociological factors, to income distribution

¢

changes, to changes in the community's real assets, and so on. In

)

ipractice, if the other factors have a negligible effect on imports
. AN _—
(relative to the impact of income) over the time period of our interest,

) 4
s 1

1: The "Free Market" price for sugar (which applzes to supplies
which are not markKéted under bilateral agreements) rose to£320 per ton
(August 23, 1974) from levels of about£ 75 for most of 1973, However,
much of- the Jamaican output was supplied to the  U.K. ynder the Commonwealth
Sugar . Agreement; the negotiated price under«this Agreement increased a
mere, 22 per ton to 83. .

. . r ' l :
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then reliable results will be had from our equation. Whether this is

so might be a question for empirical investigation in another context,

However, here again projections ought to be modified in ‘the light
. »

of official policy. Import substitution activities are the obvious

)

- case in point. Typically, there is little import saving during the

establishment phase of import competing activities, but it ought to be
possible to project the import saving in future years of the plan period

and)to adjust m accordingly.

¢ k4

Changes’ in the values of m and x will alter the shape of the cost

. .

curve and the solution for the ogtimal level of reserves. An increase.
in m will cause the c, curve to sMift downwards; a given amount of

foreign resources will now secure a lower rate of growth, and therefor;,
the oppertunity cost of the equivalent amount of reserves is lower.l.
Increases in x have the opposite effect. The additional foreign exchange
éarnings replace part of‘the previous requirement for foreign resources
on capital agcount; Lower foreign resocurce requirements for any growtﬁ

rate mean that the opportunity cost of the equivalent reserve stock is

higher, “ g

>

1. This may-be demonstrated using Equation 6-5; Write

14

R=-'D=N_ +muY [(14g)t = 1] - X (1)
WY, [(4g)T - 1] = (R - D) - My + Xo(24x)T

(4g)t = 1 [(R - D) - M+ X (14t} + 1
mY

An increase in m will’ reduce the value of the expression on the rlght-
hand side. Put RHS = q; then
g = ()/t -1,
and g decreases with q.
The effects of an increase in x may be traced ih analagons

fashion, . ) R

s
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e c) is a non-linear function of egg?.l This
f minimum cost will no longer Bé\;he(same.
However, even if the shift inh c; “were parallel along its 'entire Iéqgfh,

the effect of adding ¢, would be f:\:thge the shape of the total coé¥\\\

curve, so that even in this case the optimum might change. The o
"favourable" changes, that is, increases in x a;a\decreases in m, would

. RN
tend to lower the optimum reserve level. Refer to Figure 8-1. The ..

to ¢y, by an increase in x, a decrease

1 11

in m or a combination of the two. This moves the aggregate cost curve o

»

c.~cost is shi{:ed from ¢

(with unchanged cos£s of adjustment (e,)) from tc; to tc,. The minimum
‘ point an the latter curve lies to the left of the minimum for te, and
the corresponding value f6£~optimal reserves (Rgpt) is lower than the
initial value (Rgpt).~ Note, however, that now the cost of reseryes is
higher, even at the optimal level. This need not always be the case,
depending on the way in wﬁich N ;Léhges. Reserves‘are now more
valuable; therefore, the total cost of the optimal level will be reduced
only if that'level.falls more than enougb to.compenséte for the increase

in thegvalue of reserves.

Moving now to the standard deviation of reserves, we have assumed . .-

v

)

that its value does not vary with the level of reserves. This assumption,

which has appeared elsewhere in the literature, might be challenged

over the long period.2 “Even if fluctuations in the volume of transactions

remained the same, increases in their dollar value would increase the
)

amplitude of reserve variations. Tests reported in Chapter Six indicate

’ <:, . b See Appendix A,

2. @.C. Archibald and J. Richmond, OF . cit. addressed. this problem,

i x
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Figure 8-1. .Changes in ¢, and the rederve optimum.
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the presence of heterostedasticity; an important task for future

1Y

- empirical research is to determine the precise way in which the

. ’

) _ variance changes over time.

*

In view of the analysis of Chapter Six it may be necéssary in

A

practice to replace the continuous c2-function with one which is
specified at particular values of (R - D). The suggestion made in
Chapter Six was that the marginal cost of each additional unit of

adjustment (each such unit consisting of a discrete portion of foreign

'exchange demand to be eliminated) be computed empirically by evaluating
the cost. and availabili'ty of each éc_ljustment mechanism., There can be
< no general rules for the behaviour of this Function. Each point would
r:epfesent a discrete step, and there would not necessarily be a smooth
progression in any one direction. When ;ve specify (R - D) rather
than an a;nount to be adjusted as the variable whose cost is to be
_measured, probability weights must be applied, and it is ¥hese which ,
account for the fall in ¢ .‘ As we move further and further away from

2

the origin, the probability of a given amount of adjustment decreases,

and is finally zero. The rate at which it decreases,

N ]

and the point at which it goes to zero depends on

: the standard deviation of the net demand for resérvesY (Oi)).l Because

™~
this decline depends on O'I‘) only, it can be postulated whether the marginal

cost of a unit of adjustment rises or falls.. . e

T,
\

i

Figure g-2 illustrates the last point. When reserves have the
o7
value R_, the distribution function of the net demand for reserves

0 l. If, -as we state, D has the normal distribution, it is more
accurate to say that c, tends to zero, since all values of (R - D)

have some probability of occurrence and therefore some cost. This

’ cost is however negligible outside a central range of values, ¢
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¢

is situated at fl' The probability weight assigned to the prospeét
\ ~—

.of running out of reserves is represented by that part of the area
under the "fl curve which lies to the left of the oprigin (0). When
reserves are increased to P‘z the distribution function (which is

identical in shape with fl.) moves to f,, yielding a probabiIity which

’

Y]

is much iower than in the first instance. When the reserve levels

become so high that there is no discernible drea to the left of the
origin, c2 redt_zces to ze_ro'. Nevﬁrtheless,'because we cannot be sure *
that ¢, is a well-behaved function of the number of units of adjustment,

we cannot maintain that the second part of Equation 4-1 will decline in

a regular fashion.

The parameter changes do not create any conceptual difficulty. Bo
long as some firm information-is availab}g on the changes, the appro-
priate values can be put into the optimising equation. The difficulty
of course is to get reliable estimates of these c‘hangih‘gc parameters,

The importance of this problem should not be underplayed, but our main.

~

 focus here must be on the question whether or not the integrity of the
. N .

'model is compromised by the changes. It seems true to say that it is

)

Adjustment. Costs for Positive Expected Reserve Levels -t
g -

= Ve may bring the model of reserve optimisatign a step closer to

not,
<

reaiity by; meking allowance for adjustment when (R - D) is positive.

It is unl_ikely that the P:onetary authorities will wish to wait until

reserves are completely used up before they institute any policies to

protect the nét foreign payments position. )éther, 'the_y will wish to

lay down guidelines. for making policy chaﬁges' so as’ to secure the @/\/
© 8

. N
- £

J
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maintenance of a target’ level of res‘erves,f in the face of the actual
. and expected changes in net.foreign'exchange earnings from month to

? s

month., We turh;{now to examine some of the issues which arise in' : . “t

K

* . i
establishing such guidelines. In doing so we identify another area into .

.

ol
N

.

which future work should be extended, ‘ :

3

.t

r;

g
]

The difference between the case we are to, ook at now, and our

*

P

earlier analysis is that formerly we assumed there would be no adjust--

P

eon
.

' ment c;ps"ts 'un{il the ex‘p;acted reserves fell to zero; now we establish

| a target .level of reserves to ;lhiCh adjustment poJ..icies are linked. J
That is to say, adjustment costs may be incurred whe;'xever there is a
discrepan;:y betwéen the expected reserve levels and the reserve target.

In what follows we set the target level of reserves equal to the oputimum

level of reserves, but, as we shall see, this leads to some difficulty,

and alternative suggestions are offered at the end of the section.

We may begin by taking the situation of the monetary authority

which, at time t, faces an expected level of reserves dt time (t+n)

given by ﬁ; suppose _th;t the optimal level of reserves has been calculajt
. ‘ . R
as R ¢ which is different from R. The question which arises is, what
op , . .
$ ?
decision rules should be followed in adjusting reserves (and over what

¥ +

period) in order to achieve the optimal level.

Even before we /go on to examine what altermative decision rules are

possible, it is evident that any a‘ctive resdrbe management whatever will

R . “ N
require us to adjust the second part of our integral at Equation u-1l.

The expression for the cost of adjustment which has been employed to
Al L]

date, & . ' . “ e

*

fc2 (R - D) @(0) an
R
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- curve is now within the adjustment range.
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must.now be revised to take account of (a) the fact that the ‘adjustment

needed is no longer equal to (R - D) and (b) the costs of adjustment

5

for positive-as well as negative values of (R - D).

.

Let us begin by assuming that the policy of the competent authorities

is that the entire discrepancy between the expected and optimal reserve

levels be eliminated. The value of the adjustment required (A) is then

* given by

- ~

B-1. A= Ry - R.

A new functional relationship for the cost per unit of adjustment must

be defined. Replace c2 by c; Furthermore, the integréfion limits must
be set at minus an} plus infinity, since adjustment may be required

imépective of the value of net foreign exchange earningé.l The ex-

pression for the cost of adjustment‘: becomes . ) ) R
. ~”

82, ]cl A (D) db = o} Aj ¢(;)‘y

since the value of the cumulative distribution functic;n of the random

n

variable is necessarily-equal to unity.

E
°

. - l R ’
There is an adjustment cost now which is independent of the distri-

ki
bution of D; we can support this with intuitive argument. In our
. . \ ’

pr'evious formulation, the weighting given to the cost of a given reserve

level Ry depended on the portion of,the #(D) curve which lay in the

adjustment range (See Figure 8-1). Now the weighting given to the cost

of each Ri is identically equal to one, because the whole of the @(D)

¥ & 4 ° PR .

The one case in which adjustment is not needed is, of course,

when the value of D is such that R - D = R pt'
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¢ ’ CL :
However, one should expect the nature of the cost function to change

with the sign of A. That is to say, tﬂe unit costs of reducing reserves
which are expected to be higher than the opfimum ("excess" reserves)

may well be different from the unit costs of increasing reserves which
are suboptimal ("deficient" reserves). Thus, the cl function may be

2
discontinuous at A = 0.

{

In principle, the adjustment to the cost function which wé have

just outlined creates only one problem for the reserve dptimisatiop’

-

model, but' it is a crucial problem. The fact is that "excess"

"deficient" reserves can bg definednonly in rélat%on to the ptimal

level, but the optimal level is itself derived from the «ost functions.
‘I“ equation §-1, therefore, we could not determ%ne A/ﬁggz;ehand because
| we cquld_ndt know the optimum level of reserves, ‘In practice, the de-
cision rule that might be followed would be that authorities pick a
reserve target R*® without'referencg to the unknown reserve optimum and
then calculate optimal reserves based on the cost gcﬁedules derived from
this.l This calculated/yéserve optimum could then be used to revise'the
reserve target; the calculation would then be repeated, This process
could be reitérated several times, and, if the'serigh for the calculated
'reserve optimum were convergent, this value could then be derived to

the desired degree of accuracy. The properties of;fhe series would

' _.have to be established with reférence to particular dases™>and this is

.one area where. the development of reserve management theory might reward

1

further investigafion.

1. An arbitrary choice of reserve targets is the method used to
deal with this problem elsewhg¢re.in the literature. See, for example,

Kelly, op . cit., p. 658 and Britt and Heller, op’. cit., p. 184, -
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Ve turr; now to the matter of fixing decision rules for adjusting
foreign r'eceiptls and payments so as to secure any giw;en reserve target, .
The principles underlying these rules might be that (a) very large
adjustments should not be made in a single time period and (b) changes
in the drire_gztion of adjustment should be minimised, The reasons for

these guidelines are that large‘ adjustments are more costly than small,

and a reversal of direction, however small, is more costly than the

v

-

equivalent change in the same direction. The first proposition may be

deduced from our existing cost function (c2 or any of its variants);

’

the second is intuitively acceptable, but would require concrete proof ,

in further development of the method.
N

The actual decision rules for adjustment might operate somewhat
’ .

along the following lines. Let us introduce an adjustment parameter Y

1

such that
8-u, A= Y (R* - R),
where R%* is the target level of reserves.] The problem then is to

speciny in such a way as to fulfill the conditions set out in the pre-

9

ceding paragraph. ; ‘ : .

-

We\uil_l do no more than suggest one or two possibilities. For one
thing, since costs are expected to be asymetrical as between excess
reserves and reserve deficits, we might specify different magnitudes

(or “functional relationships) for ¥ , depen:iing on the sign of (R¥ - R).

[

1. The parameter ¥ plays a.crucial role in Clark's model; cf
'Optimum International Reserves and the Speed of Adjustment', Journal
of Political Economy, March/April 1970. . )

-
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In this way the total cost incurred in a particular period could be the

same for' excesses as for deficits; the greater unit cost of any deficit

adjustment would be compensated for de responge for deficit

adjustment as opposed to adjus to excess reserves. To take a

concrete example, cost. of making up a reserve deficiency of $10

ight be twice the cost of eliminating $10 million of excess -

reserves; but we compensate for this by only making half the adjustment

for the reserve deficit per time period.

As to the specific nature of ¥, it may.be a single parameter with J

values between zero and unity, or it may be variable, allowing for a

»SiMaller proportion of adjustment, the great\e'r the difference between

R* and R. The value of this latter suggestiop would be to impose some

limits on the dollar value of A in any period. Another alternative

e

would, be to combine any of the suggestions so far with an alisolute 1limit
4

on the amount of adjustment to be permitted in any one period.

‘While these suggestions would serve to limit the amount of adjust-
ment to be undertakgn in one time period, they would not prevent frequent
alternation in the direction of adjustment. One way of taking care of

this éroblem would be to specify a lower threshold for any adjustment.

That is to say, ‘there would bé no action if A wepe less than a specified |

amount. This rule ﬁoul& reduce the incidence of switches in the direction

of adjust;nent by eliminating all cases where ﬁt*- fluctuated ina = ¢
i

N - 4
narrow range around R* for successive i. There would be changes to and
fro only if §t+i fluct-aated very widely in successive time periods. .

. : .

In such a case the a;ljustments would be much more violent and disruptive.

It is reasonable to assume, however, that such an eventuality is unlikely

1Q. -

B2 v e e -
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and that it would indicate either (a) the need for review of the fore-

casting model or (b) the need for other policieé‘Pf domestic stabilisa-

.

tion, rather than the need for new rules of reserve management.

¢

"There is also the question of the definition of the time period
and the related question of the speed of adjustment. Recall that the

< projections (ﬁ) from which optimal reserves are derived are made for

several time periods ahead. We may re-define Y as follaws .
85, . A - Y (r* - R)
where A].is the amount of adjustment in the month following the end ,

of the curre.n‘t period. Clearly, the laréer i's \‘ s the faster thg
ecénomy will adjust to the desired level of reserves. The adjustment
process may now be thought)gf‘as a dynamic process, i will alter from
month to month; even though R* may be maintained constant for some
time; there will therefere be a sertes of partial adjustments each..

month, with the discrepancy betweén R* and R never being completely

eliminated.

=2

We may now summarise the observations of this sectionm. | The one
problem which th?se guidelines for regerQe management present for our
‘theory of optimum reserves is’the question 9f vwhether the iterative pro-
ceauré for estdblishing the reéerv; target will work. In effect, what®
we wisg to do, as compared with~what was outlined earlier, is to shift
the origin from which we measure our adjustment costs from F=0 to ReR¥,

Our dilemma is‘that’this shift in origin wi;l a%fect the overall cost
;;rbe (the sum of cl'and 92) even if it leaves each of its two elements

unchanged. ’ . ' ’ i

.
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¥

In fact, we may wish to change the shapé of c2 as well as its
. H
" position, for two reasons. The first we have already seen derives from
. ) N .
the need to allow for adjustment to excesses as well as deficiencies,

The second would arise from the limitations to the adjustment process

imposed by the introduction of ¥ . By reducing the extent _o\f\' adjustment

we would reduce the cost. However, long as we can find an acceptable

method of determining R#*, t.hese, anges creaté no further d;'.fficulty.
None of the other consideratjiéns as to the speed and limitations on
adjustment will affect theé computation of the optimum rveserve level.
This follows from the fact that none of these changes will alter the
other parameters of the cost curves‘, viz., the propehsity to import,

the rate of growth of exports and the standard deviation of reserves

(which, by assumption, does not vary with the reserve level).

Optimum Reserves and Floating Exchange Rates

_In Chapter Three we established the model on the basis of a fixed
- exchange rate. We pointed out, at that time, "that the procedureé for
computing optimum reserves would not be invalidated by a floating °
ex-change\.rate regime. However, one ,‘wou'ld expect results rather dissimilar
in the' two cases. 'We.have to investigate the possibility that, for part
of the period! from which we draw our dat', tpe exchange rate in Jamaica -

y was changing ms a result of changes in the value of the pound steriing,

to which the value of the Jamaica dollar was tied.

During the period of our analysis the Jamaican dollar was main-

tained at a fixed rate of parity with the pound sterling. In a world

of fixed exchangé rates, we can infer that Jamaica operated on & fixed

’

bt

exchange rate, 'However, once the rates of exchange between the pound
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and other major currencies began to vary, the effective rate of "ex-
change for Jamaica was no longer constant. In practical terms, this
resulted mainly from the changes in the UK - US rate, and the extent

of Jamaica's trade with the US. Alterations in the US - UK rate meant

. that the US - Jamaica rate changed pari passu . This phenomenon

became significant as of August 1971, Until July 1971, thq Us - UK
rate remained centred on the value of US $2.40 per pound sterling; in
August the rate rose to US $2.4525 per pound, .and continued fising
. steadily to the end of the year.
In fact, the change in the effective exchange rate for Jamaica
vig-3-vis the rest of the world did not change significantly, except
for the last month of our series, December 1971, Jamaica's main trading
,p%rtners are the Us; the UK and countries whose parities are fixed to
one or other of these currencies. Countries in these dategories account
for 80% of Jamaica's total trade.l A trade weighted exchange rate index
.'was computed for Jamaica for January 1968 to December 1971; the average
value of this index for the period is 1.6192 Jamaican dollars for a
basket of trading currencies. Tbe deviation from this value was less

than 2.0%, except for December 1971, when it rose to 5.6%/

\

We indicated earlier that excﬁange rate changes could be accomodated ‘

in our analysis either by including the exchange rate explicitly as an ‘ 1

o ‘
i - . .

1. Canada is included; although not actually fixed to the u.s.

dollar, the value of the Canadian dollar in fact generally follows the

movements in the currency of its larger neighbour. Since Canada accounts

for only about 8% of Jamaica's trade, no significant error is introduced

by treating it as part of the dollar area. ,

v

3 & b
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.

explanatory variable, of by splitting the regression into separal:e pérts,
divided at “the point where the exchange parity or the exchange rate

regime changes. This was not thought necessary in our case since only

one observation is involved. However, even more significant exchange
:-fx ) rate change; have taken place since December 1971. Apart from the

7 B continuir;g variation in the value of the pound, there have been deva-

« luations of the Jamaican dollar and a switch from the-pbund to the U,S,
dollar as the basis of valuing the Jamaican currency. Undoubtedly,

Ied
one of our earlier suggestions for dealing with floating rates would

have to be employed in any updated analysis.,

Conc':lusions i
This, chapter has brought to light one modification to the model‘
of‘t}_xe preceding chaptér. This modification is in regard to the adjust-
ment 1:'>rocess when reserves are mana;lged so as Ito secure a given target
level. Apart from this, our analysis suggests the following areas of
theoretical and empirical int‘erest which wouJ:d complement and extend
the model. First, explicit specification of a system of simultaneous
equations to determine thé relationship between reserves and m@}jor economic’
va;iables; setond, development of a planning framewofk from which -
estimates may be derived of expec;ted systematic_ changes in the cost
functions; third, thorough investigation by the compentent authoritieg

of alternative balance of payments short-run adjustment policies and a
. R

quantification of the availability and growth costs (derived from the l

planning framework) of each; and fourth, a discontinuity in the series

(for any u.f:date) to take account of the world of floatiﬁ&\exchang\e rates.,

A

’
ma’/‘ll U A st

e
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%ﬁ ’_ Synt?psis of the Argument . " ’
% . . The model of exchange reserve optimisation whic(has been
é presented in this stt:\dy evolves from two main premises, one a feature
; ‘ , common to most recent models, the -other less common, addressed to
S
:,, . the special concerns of developing goun,tries. The first premisé is
"
: that reserves are held as .insurance against short-term fluctuations
3~ in net foreign exc:hhangew eharni‘ng's, the second that the promotion of 5
economic development is the overriding concern of time class of '

countries for which the mod\is appropriate,

Certain structural characteristics of countries in this category
(i.e. developing countries) are built into the model. In particular,
the main constr'aint on the growth of national income and employment
is the scarcity of foreign resources. Secondly, because tﬁese
countries have a relatively small stock of capital and low capacity
to produce, the rate of in:restu’\ent per year will usually generate a
significant increase in that productive capacity. The joint effect
of these two structural characteristics is that any addition to the
available foreign resources will have a marked effect on the rate of

growt;l which is possible. This is important, because the model .-
- i

focuses on foreign exchange reserves as a potential foreign resource.

If reserves are held as a precaution against fluctuatiS‘]s in net E

. ) 1
foreign exchange receipts, the first question to be résolved is what

N

risk there is that any given amount of reserves will be needed to .
meet unexpected shortages in earnings of foreign exchénge? The risk
is assessed by looking at the past behaviour of net foreign reserves,

o determining how much of ‘the behaviour of the series can be attributed

¢ [
"

[y N




. {which is the cost associated with any stock of reserves) and the cost
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to certain exogenous economic variables and then deducing the risk which

derives from purely random elements. |

Once thi degree of risk has been determined, the authorit;les must
decide how great a precaution should be taken. Here there are two
considerations to be taken account of: the cost of the precaution
5
of a 'stock-out' (which is the cost of economic adjustment measures
to be taken to eliminate a deficiency in net foreign exchange earnings
if no reserves are available to finance the deficiency). The pre-
cautionary reserve is determined, finally, by establishing what reserve
level incurs the least cost to the country, when the risks of 'stock-
out' and the availability and costs of reserves and of all adjustment

thechanisms have been taken into account.

P

Review of the Study

In this section we recapitulate briefly on the way in which the

above argument has been developed in the course of the pf&eding eight

¢+
»

chapters.

.The first chapter introduces the problem, says why it is of

interest and ‘defines a number of terms to be used in the course of the

S

study. Chapter Two provides a brief background sketch of the Jamaican

economy and in Chapter Three there is a review of the literature. A

&

complete autline of the model is given in Chapter Four.

v " B
The next four chapters provli‘.de' the main andlysis and testing of the

model. Chapters Five and Six, which deal respectiveh} with the determina-

T8

‘tion of risk and the specification of costs, lead up to Chapter Seven,

where the model is evaluated and solved to determine the optimum -

A7
n
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reserve level for Jamaica., Chapter Eight deals with extensions,

qualifications and further thoughts on the model.

3 : .
We present here a brief;review of the content of four central

chapters (Five to Eight), before proceeding to the conclusions to be

drawn from the analysis. The risk>of running out of reserves (Chapter

Five) and therefore of having to resort to adjustment measures depends‘

on the random element in the variation in net fqreign exchange receipts.

We argue that these receipts are subject to systematic influences

which derive from monetary and fiscal policies (represented by the

money supply and government expenditures) and from the two principle

exogenous factors which influz?ke the level of economic activity in

Jamaica (gxports and capital inflows). Above and beyond these systematic

influences (which determine the transactions level of reserves) there

is purely stochastic variation. If this stochastic element is

represented by a random variable, then the degree of risk is deduced

from the*; jance of that random variable. The residual variation

about a re ession of reserves on money suﬁplies, govérnment expgndj-

tures, exports and capital inflows reflects the influence of the random

variable and therefore gives an estimate of the risk-of running out

of reserves,

In order to determine the cost of reserve stockholding (Chapter

Six) we consider the need for and the availability of foreign ex-

; chahge over-a (five-year) planning period. Available foreign

Jesources are exogenously de%ermined, but the requirements depend on
/
the projected rate of growth over the period. The foreign resource

requirement associated with any chosen rate of growth is the amount

¢
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Y
required to make up any deficiency between the total foreign resogpges

needed for that rate of growth and the resources availaﬁle.//BeSérves

are regarded as a potential foreign resource whichﬁﬂigﬁt/ﬁé used to
supply this deficiency, and hence by substitut%gg/ﬁg; value of reserves
in the equation linking resource needs gﬁd”é;owth rates we determine

the potential growth which is sacrificed by holding reserves instead

-

of using them. This is thé’bpportunity cost of reserves.

The cost of meeting.deficiencies in net foreign earnings when
there are no means of financing is the cost of adjusting domestic
expenditures so as to eliminate the deficiency. The ways in which
this adjustment affects potential growth, by introducing waste and

inefficiency, are a;§o explored in Chapter Five.

At 7ﬁi§ point we have established the sasis for determining the
optimum level of reserves, Starting at any given point in time, we
consider a six—ﬁonth prediction, There is a cep}ral expected value,
but our interest is in the range of values surrounding iﬁ. Each has
a probability of occurrence given by the random residual variation

and each has a’'cost of stockholding (88 positive values) or of adjust-

' ment (for negative values). Weighting the costs by their associated

probability gives us a schedule from which we can determine the value

of reserves which minimises the total cost. This is the optimal level

[
:

of reserves,

The results ) : . : .

The calculated optimal reserve level for Jamaica (at Deéember

1971) lies below the range within which Jamaican autheorities attempted

- [N

!
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I

to maintain reserve levels in 1972. It ‘is also below the range which’

\

the familiar rﬁle of thumb for the manégement of reserves would have .

indicated, being less than the equivalent of three months imports,

%? ‘ o Actual reserve management in Jamaica seems to have oberated on slightly

%? more conservative principles than our resul%s would imply, and measures |
é; were taken to protect reéserves at levels which are, on our calculations,

%S‘ above the op£imum. (The measures were not noticeably successful). :

¥ .

& v '

The results on tests of various sections of the model were uneven,

"
M “

The régression from which we determine the variance of net Foreign .

exchange earnings fits the data well, but suffers from multicollinearity

among the variables (which does not invalidate the results) and
heteroscedastic residual.variation (which remains an unresolved problem).

Trials with a number of alternative formulations failed to eliminate

these problems.

-

The costs of the reserve stock were measured under the assumption
. that the parameters involved (the propensity to impSrt, the growth
rate of exports, the capital-output ratio, ‘the savings ratio) all Coa
remain fixed, If the.economy is in the process of structural change,
this’assumpti;; must be m;dified, and the costs eguations restructured

to reflect whatever systematic changes have been programmed for these

parameters, ,
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On the empirical level there is need for a more adequate
. , specification of the-costs of adjustmen-t.’ We have been forced to
make an arbitrary specification of the fiature of these costs. What
: .
is needed is the complete list of options, each with a measure of . the
implied growth sacrifice, XAt the moment we lack both the list of
options and the mechanism for computing their costs. For the list

of options, what is missing is the total amount of foreign financing

A -available; to compute the costs of adjustment, we need, a more explicit

description of the productddnAprocess/than is at present available,
) - f '
! Both these requirements could be satisfied by empirical studies of

<

' b Al
the sort which would be carried out in the course of drawing up a

develophgnt plan.l ~ -

v +

On the theoretical level, the model' of the determinants of ex-

i

change reserve variat%on needs to be refined. What we have used is,
in eéfecﬁ, the reduced form of a struéfural model which we‘have
specified implicitly rather.than explicitly in Chapter‘Five. In
uo;der to deal with the multicollinearity problem and to impFove our

understanding of the adjustment processes at wbrk, further research

into the model is required.

Assessment of the Model oy . )

' The model we have studied is based on a‘concepfuql %pamework
which already existed. The idea that optimal reserves should depend
on theldégree of security afforded by each reserve level-and on the
compar;tive costs of‘adjustmené and of reserve stocks is a feature

“ of most recent studies of reserve optimisation.' Within this basic’

i

' . ' L
1. The reason they are not now available is that development
planning seems rather in abeyance in Jamaica. This is in effect an
appeal for a renewal of emphasis on such planning. “




oL
>

-

- frame these studies have differed in the way they have determined
L 4 * ° \
:risk, the wéy costs are computed and the economic objectives specified.

- . P - * Y
- . "o ~ “

The preseht"study‘is, however, rather more than a synthesis of .

® Al 4

'e&istiﬂg work with- an empirical test. We have extended the theory,

- iﬁtrpduéed,factors rélevént to deVelopiﬂg\countries, incorporated 4

-

future con§iderationg~and provided a model which the policy makers

af-an indiyidual1bopntr§ céq apply directly to the determination of
optimal reserve:levels for that country at any time, -
B ¢ N .
0y . ’

The theory hds been exteﬁded'by providing an economic explanation?
(as opposed to a purely statistical one) for the variation in net

foreign exchange earnings. This is a hovei feature which links the

5

determination of reserves more closely to monetary and fiscal policy

Ly

and to externally induced disturbances, which are the main determinants

A

' of economic performance and hence, of foreign transactions. This

o
o

-~ inpnovation has led to encouraging results from empirical testing; such

] . ’ . )
qﬁalifications as may be inferred from these results would suggest
i .

~ &
1

tﬁe need for further exploration of this facet of the model, rather

t%an a reveraion to previous specifications which were all purely

" s%atistical. . ‘ T .
| L .

- j The specific features of developing countries which we have con-
™~

sidered relevant to the determination of optimum reserves are (a) the

1
i

f@reigﬁ exchange constraint‘on development and (b) the impact of new
vestment on the expansion of capacity aﬁd hence on the rate of

growth.  These cénsid;rations led us into‘an area which, though Jery

familiar, had not previously been incorporated into the tgeory of

!
f

/foreign exchange reserves: that is,’the relaf}onship between foreigq

. ’
‘ | resources and growth and, as a result, the measurem@me=ef.gQsts in
» ¥

¢
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4

1

terms of growth rates © over a planning:period. This provides us with

2 3 . -
measures of the cost of reserves and adjustment which are unique in

- J .
the literature and which seem to us to be particularly suited to the

circumstances of developing countries.?

Finally, our ﬁodel is operational. Policy makers in any country,

once they have géthdred the ‘necessary information to quantify the

equatxons of tbe mdQel can deter@%ne uﬁaqnely the level of reserves '
/\ A

which is opt1m¥l for that gountrv This is a feature not shared by

many

|

suchia feature;

/

fsophlstlcfted’mode s of PQS&PVB optlmlsatlon. The absence of
/
may concexyably be artly.responsxhle for the persistence

H \ 13
of r¢les of thﬁmb in day-to-day resef%g‘management by the competent
auth%rities in many coUntfiqg. We demonstrate that our model -is
< i ! N ) .
feasﬁble and yields reasonable results in an empirical test which uses

2

H f
the /Jamaican economy as an illustration,

Conclusion ‘

This study offers an extensionﬂpf;fhe existing theory of reserve
\~\

e . . ' - .
optimisation, one that has particular relevance to countries where-

the rate of development is constrained by scarcity of foreign redources.

We have provided justification for this approach and a demonstration

6f its merits. This-effort is to be seen rather as a suggestion ngx//

- -

here is a fruitful path for further exploration than as a definitive

statement and resolution of the theory of optimum reserves. In any

‘ +
1. From a theoretical standpoint, rates of development would
have.been more appropriate, but’ because of measurement.difficulties ,
with this concept, we haye adopted the usual compromise of using
growth rates, with all the well-known caveats.

Ve
2‘ There have, of course, been studies of reserve behavaour
directed specifically to developxng countries, but theipfapproach o
wasg jpather different, -

.
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case, we do not claim perfectly- general application, Each case would - b

. have to be examined to see whqther the premises and.the structural -

.

specifications fit. ‘Our hope therefore is that we will have generated .

sufficient interest to encourage others to develop, criticise and .

M -~

N - refine the ideas we have presented here. !
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Appendix A. Solution of the Cost Function. . N AN
\

~.
~—

Sl

Standardise Bquatlon k-1 by dividing through*p\y the sténdand\ \\

deviation of the reserve projection: N \\ -
AN
. N ™
R o R ‘"
A-1. E(C/R) = ¢, (R=D)&(D)dD R-D) N
J &g + {CQ(T_ ¢ (0)dp \
. \

Put E(C/R) = -, !
) £ 1 Il-r 12

where I, and I, are the expressions on the RHS of A-l.

Solution for I,,

A-2. ¢y (RD) = RD = my+ m[ (1+ g)° - ‘l] - x, (1 x)".
! (42 o ‘ '
Solve for g:
A-3. . g = (.__J;)l-/t ('X:'- D)l/t -1, ' :
Mo : ;

where X = R+ O’[nnxo(l+ x)t - "‘o}

1/,

To solve (X -D) , put

1/ 1/ 1/ )
Ab (%= DT = (Xt - DAY .
* y | \
A-5. (L-Dhy 't = -‘(lit)(D/x) - (;Z{t)(”/)o2 - - (Ji:,t)(wx)-

3

By choosing an appropx;iate number of terms this expression can be

L

approximated to any desired degree of accuracy.

) )
We acknowledge the invaluable assistance of Mr. Clyde Drayton, post-
graduate student of the Department of Mathematies, St. Augustine, Univers

of the West Indies, in devising this 'solution.-

.
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I, = 1 1Y tyx-D) tezd 1 f -D dp
! (2%)5[ <ma‘ (2'rc)i o 2
0. i -»
Bt hlz \
where s
- R -p?
= _ 1 ! 2 = .
12 e ap = (R)s
(2m) __-Z, 4) € .

where 4{(R) is the cumulative standard normal distribution

function to R;

and
e

Put N = .
(2u) (F&)

- -D~,
Ill = N Nt Q- 'X') t e 2 dD
-w . . " N
R 2
1 R -p2 1/ /-1 =D
= noo't e3 b - NC (A T fBeé'dD
.7 s ~ ) ) - !
1/ I, Mez R -02
- N( ")( ]‘ - ..
. "R , »
2
- N(llt)(l/%)l/t-r- L\/‘ DI‘ eJ dD
r Yo . ‘
tem; by term

ZFntegrate Ly

R _p? v, , °
1y, * oot | X = i tem

‘2o

[
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By repeated integration Illr reduces to either Illl (for odd humbers)

. -~
or I,,, (for even numbers).

LS

JI17 is therefore evaluated as.a function ofX and R; but‘recall that X, »

is itself a function of R. Therefore we may write

~A-13. I, I, (R). . ‘ : . | ) .
.The solution for I, is , AR
. ’ L&
. A"lu- = | - . d
| Ig\ LR - ® » ‘
Solution for I, S (~ ;
" ~ o i
« A
I2 - .
-
= R )
= SR )
2 4
' ¢ !
r The 'complete solution is therefo
_EQ/R) =1y, (R) - (R 4 SR [1 ‘
[} 1
which is the equation of the cu
1 K r :
. 1 ‘ t
~ A -~
87,
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Appendix ‘B. The Data.
I 4

Table 421. Estimation o't Reserve Variation.

@

xtﬂct

-

Ry, 4MS M3 4CR X, K, :
"1, -86.6 70.4 4.3 45,8 19.5 4.3 12,0
2. 97,0 8u.b <1,5102,3 16.7 4.2 21.4 |5.1
3. 95,7 97.6 ~1.2 97.5 16.1 471 20,2 lg.5
b, 93,3 95.7 -2,5 99,6 16.3 5,0 21.3 6.9
5. 93,5 99,3 5,1 99,7 12.8 5.1 17.9 9.5
6. 97.8 99,5 1.6 10u.b 3.1° 18.9 8.0
~ 7. 98,1 97,8 3.7 108310 I“lu b 6.5
*'$, 11,7 95,1 1,0 1u8.8 15.1 5.2 21.3 §.3«
9. 98.4 101.7 9.4 104.,2 1s.& 4.3 18,7 12,1
19. 192.9 35,4 7.4 108,7 1u,9 4,0 18,9 15,1
11/)107 3102,9 7,2 13t.2 4.4 4.3 18,7 19.1
11,0 197.3  ~4,9 116.8 16,8 h.6 21.3 12.7
) 13 116.97111,0° 78,3 I05,0 15,3 8.0 75,6 2u,0
16. 109.0 116.9 0.4 131.8 20.6 4.5 25.1 15.1
15. 106,2 179,0 ~5.6 124.4 20,5 19,8 31.3 9,2
16. 193,1 106.2 6,5 119,6 18,9 4,5 23,4 15,5
17. 100,1 103.1 =-5,0 130.2 17.8 4.9 22.7 1s,
12. 103.4 100,1 -0.1 12/,3 15,8 4.4 20,2 17.
1. Igﬁ;O’Ioiiu—“ETI“IQUTQ 18,8 .8 23.6 11.7
20, 4,6 100.0 4.6 133.5 15,7 b.1 21.7 15.5
2. 95,9 94,6 ~b,6 137.5 15,0 5.4 18,4 15,7
22, 100,8 96,9 8,2 133,3 21,2 6,5 27.7 13.5
23. 105,9 100.8 5,0 138,90 18.1 15.0 31.1 16.5
2. 108.4 105,9 =-6.9 131.7 19,8 9.6 29,4 17,8
25, 125,00 108047 <0.3 1191 20,2 13.9 4.1 28,7
26, 129,7 125,0, 9.5 129.6 23.3 16.1 39.4 25,6 |
27. 132,83 129.7 -4.7 137.1 20,6 11.9 32,5 7.6
28, 133.6 132.8 1.7 13%,4 20,9 18.6 39.6 1h.b
29, 133,7 133,6 <3,7 148.9 21.0 19.0 #0.0 16.5
30. 153.8 1330y 5.2 133,5 22,7 10,3 33.0 21,0
31.7134,3 13348 3.27137.3 249 15,1 37.07717.7
32, 129,3 134.3 -3,8 153.9 16}6 15.0 31.6 21.1
33, 124,38 129.5 0,3 139,7 17.2 15.7 32,9 22.6°
34, 121,7.-224.8 7,2 150.8 20,5 13.4 33,9 28.3
35. 128.2 121,/ 11.7 148.7 21.7 13,8 35,5 22,5
36. 127.8 128.2 -9,8"149.4 20.9 12,1 33,0 13,9
37, 143,6 127.8 © 8,67136,67 28,1 14,5 H2.5 31,1
38, 147.1 145.6 -1.5 158.9 28.3 1k.9 13,2 22.1
39. 148.2 147.1 -3.0 149.7 26.9 13.0 39.9 15.9
40, 150.,0 148.2 1.9 161.4 25,0 13.4 38,4 19.1
41, 152,6 150.0 0,3 161,% 22,0 13,6 35,5 25.0
42, 149,64 152.6 11.0 159.4 23,3 13.4 36.7 26.7
43. 145.5 149.4 -=5.7 166.2° 19,4 11.0. 30,3 20,7
Wh, 151.5 185.5 4.5 163.2 20,9 11.8 32.6 25.6
W5, 140,151,5 1,1 165.6 20,8 11,8 32,6 19,4
46. 139.0°144.1 15,1 3h.4 34,3

3.8 177.4 19,3
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Table B-2. The Cost o_f' the Reserve Stock.

L—ht ‘ lt-YO St log Xt t
221,2 25.1 95,5 2.,3487 1,
2286,0 L4 ,0 94,3 22,3485 2.

1 236,53 69.8 1n5.3 2,3530 3.
267.4  100.4 90,7 2,385 b, |

296.1  T1Wo,7 T I08.C T 2 053 T T 5.
352.4 162.¢6 122.9  2.4208 b,
378.7 -255.7 130.5° 2,478y 7.
Bh0.8  290.6 | 156.5 2,4790 - 8.
503.4 30042 163.3 22,4980 Y,
515,2 k57.3 196.9 2,521y 10.

032,00 5215 163,80 2,57 T 11T

b SN

v
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"Appendix . C. .Altefnative Equations for Estimating the\Yarianqe

of Precautionary Reserves,

The variance of precautionary resérves was estimated from
a number of equations in which the .combination of explanatory
variables was rather different from that of the equation in ‘
Chapter éix. A comparison b;tweén that- equation and somé
glternatives was suggested by the fact that the results of our
estimation in Chapter Six were not wholly satisfactory. The
results’presgnted.below are derived from simple models, one based
on non-monetary income dgterminants.and the other in ppe 'monetary!
trad;tion assoclated with the International Monetary Fund ana the
name of J.J.Polak in particularl. We have Also used a statistical
descriﬁtion of reserves along the lines developed by Archibald
and‘Richmonda} Estimates based on these equations, together with :
the equation in Chapter Six (and some variants of these equations)
constitute the first set of results, presented in Table‘é-l.

"The results of the estimates in this first set suggested
tests to determine the explanatory pQwer of particular variables
which are significant throughout. We therefore tried equations

which contained only sigxificant variables and other which did
' 4

* not inclnde the lagged dependent variable (Table C~2). The

third test set of results were derived from equations which included

one-period lags (Table C-3),

N

1 See J;Q.Polak, 'Monetary Analysis of Incohe Formation and
Payments Problems', International Monetary Fund Staff Papers, v.6

(1957-58) y pclo

2 See Chapter Three, p. 69. ’ ’ . 1

' I 'y
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The non-monetary model is derived from a conventiongl set

of equations:

c-1. Y=C+1I+G+X-N;
c-2. c = C(Y);
c-3. %= M(Y); .

and from one unusual equation which reflects the fact that
investment (I) in Caribbean economics is'determined, not so much

by considerations of marginal efficiency, the interest rate and

the demand for liquidity, but rather by the available capital

inflow (K) and the absorptive capaddly of the country. This gives
an equation such as

C-4.. I= Il(K)-+ I,(Y),

where income (Y) is used to represent absorptive capacity. The
other symbols are.familiar: C stands for consumption; G, government
expenditure; X, exports;and M, imports.

From this equation system we can deduce imports in terms

3
¢

of X,K and G« Using

2’
~

C-5. R=X-M+K

“wg get a relatioqship‘for'rbserves which may be written Zs

C-6. R = R(X,K,G).

The results of this\ estimate appear as Equation Three of
Table C-~1, ;

A simple version of the "Polak msdel which ‘was devised for

testing on the Jamaican economyl,cgn be written as follows:

1 Leroy Taylor, 'Money, the Balance of Payments and Income

Determination in Jamaica‘', Socgal and Economic Studies, June 1972,
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C-?. Y = VMS . ‘(
C-8. " M= M(Y) v
c-9. M5 = MS, , + ACR + AR, . B

where MS is the money supplf_and CR the increase in domestic
credit. " ] ) T

Using C-5 we get S

C-10.  .R = R} (X,K,(MS. . +ACR))"

t-1
This is Equation Four of Table C-1.

The other equations of Table C-1 are as follows: o v
1. The equation of Chapter Six.

. 3
2e The same equation using money supply levels- rather than money «

supply changes. ‘ ¢ ~
Se Equation %our, replacing monéy supply levels with&changés.
6. The Archibald-Richmond equation. ’ . .
| Equation Oﬁe has been analysed in Chéﬁter Six. Equation Two
yields a marginal improvement 1h.the already high explanatory power e
(as measured by ﬁa). Also the money supply levels have significant
coefficients (at the 5% level of t) with the expected sign, whereas
money supply changeg (Eqn.1l) are insignifi;ant with the ﬁrong sign@
If we drop the money supply altogether from Equation Ond,
the results are virtually unchanged (Eqng3). Nor does Lquation
lOne suffer much from the omission of G, qg}ch has the wrong gign
throughout the estimation and is-usu%11§ significant ‘1f at all,
only at the less stringent 5% and 10% levelsh)‘Equations Four and
Five, without G, retain an g2 around 95%., Aa with Equations One
and Two, money supply levels do rather better than changes,w1ﬂ1the‘“'

A o

former significant, however! only at the 10% level. The coefficient of X-is..

always s;énificant and véfios little from one eﬁuatibn to another,
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Table C-1,

Estimates of Reserve variance

Explanatory Equation,

Based on Alternative Formﬁlations of the

*

together with the associa

2. The critical values of t (
, 1.68u (5%) and 2.u423 (1%).

ted t - patio (in brac

for 40 degrees of freedom) are: 1.303 (10%);

"Eqn, Intercept Explanatory Variables * §2é%) . ~\
No. (8m.) R, 1 aMs, MS, 1 +ACR.t - Xy . R G, SeEe" ($ ma)
1. 12.51 0.72 0.01 0.79 0.36 0,20 9.8
. (2.53) (12.93} (0.04) ©(3.17) (1.50) (1.41) bel49
2. 16,54 0.83 ' -0.13 0.75  0.36 0730 95.3
(3.23) (11.75) (-2.25) (3.21) (1.60) (2.41) “he23
3. 12,52 £ 0,72 o, 0436 0,21 » 94.9%.
(2.57) (13.39) | ' ”cs:%g) (1.537-“(1.§§) #.uB*@
4 14.61 " 0.81 -0.09° * 0.81  o0.48 T 94.8
‘ ' (2.82) (10.98) (=1.46) .(3131) (2.06) %47
5. 11.98 0.74 . o.f ’ 0.80  0.45 eb
(2.40) (13.79) (0,88) T (3421)  (1.90) LeSY4
6. 22,31 0477 92,7
(2.85) { 8449) 5.30
Notes: 1..For each expiénatory variable the' estimate of i

ts Eoefficient f; given,
kets),

P

}
#

ARV
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. The coefficient of K is siénificant only at the 10% level, except

o

when G is excluded, but even t‘en its significance level does not improve
£ § .
beyond 5% (Eqns. 4 and %). For these equations the K coefficient is sub-

; stantially different from its value in the first three equations.

Equation Six, which neglects the economic variables, retains
explanatory power not much lower than the high levels of the first
five equations. “'he variable which bears the burden of the

explanation is clearly R t'he fact that economic variables do

t-1.
not improve the expianation very much suggests that there hag been
a sbable ﬁattern of réserve growth with few disturbances:m The

¢ -

‘result should not distress us in view of the high 1evéls of
significance obtained. However, we must discount the possibility

+that the explanation is purely statistIgal, To do this, we exclude

Rt-l to obtain the resulfé of Equations Seven and Eight. Although

RZ is now considerably lower, its values are still in a very
‘ acceptable range. We have significant coefflicients* for X ané K,

buthmoney supply changes reQain insignificant and moﬂey supply

levels have the wrong sign, as ddes G. What these equat%pns

demonstrate is that the ecénomic variables are not to be neglected,

Should their values become highly volatile, Equations One.to Five
would yield results more obviously supérior to those of Eguation “
Six. - . ‘ . .

' AY
Equations One tp Nine assume instantaneous reaction to

disturbances in the explanatory variables. For a period of analysis
as short as one month, this seems a 1ittle unrealistic, since‘tgz
full effects of any current economic activity should hardly hqve

. "~ exhausted themselves within the month. What is usually assumed,-
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" though, is that the largest impact takes place in the current

period, with diminishing effects as we move further into the

past, In other words, the coefficients of the explanatory variables
are inversely proportional to the iength of the lags and eventually
become insignificant. In viqﬂ/df/this‘we begin with one-period
lags. The results, presented in Table C-3, suggest that the
assumption of instantaneous adjustment does 1i£t1e violence to

the factss The only lagged eiogénous variable s%gnificant at the

1% level of t is X in Equation Eleven.‘ It appears that if we drop

Rt-l as an explénatory variable, X acts in part as a proxy for

t-1
that variable, Apart from this, the lagged variables are of
little interest.

The equation in the text is retained mainly because it has
the strongest a_priori justification; Its explanatory power is
not infe?ior to the alternatives we have tried, and; except for
the equations where Rt_1>is excluded, the estimate of the variance

St reserves (needed for determining the reserve optimum) is not

significantly altered by re-specifying the equdtion in the ways

‘we have attempted, <the empirical results suggest that our equation,

-

‘though in need of further deverpment, is neither spurious nor

perverse.
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Tables C-2 and C-3.

Modifications of the Estimating Equationse.

Table -2, Modification of Equations Cne and Two of Table C-1.

Ean. intercept Explanatory Variables §2(%)
No. ($m «) Ri 1 NS, Mst_ ¥ ACRt S X, . Ky Gy S.E. ($1.)
7. 55.49 : ~0.51 1.75  1.82  0.75 73.5
8. 28.98 0.35 . 1.47  1.34 0419 7947
(2.86) (3.83) (3,12) (3.06) (0.73) 8.82
9, 6.53\ 0.80 0.98 4¢3
(1.57)  (17.86) (4.01) 4467
Table C-3. Lagpged Explanatory variables
| Eqn.|{Intercept Explanatory Variables ' ﬁzl%)
No. ($me)- | Ry 4 S, NS, X gt_l Ky K Gy Gi_y |SeE«$ m.)
10. 10.74 0.73 0.03 -0.21 0.39 O.42 0.48 =0,22 0.15 0.12 9443
(1.89) (9445) (0419) (-1.09) (1.36) (1e23) (Lle62) (=0.79) (0.91) (0.62) .58
11. 46.28 0.30 - 0.64, 1.72 1.19 0,40 039 0.33 “80.3
‘ (1.00) (-0.01) (1.23) (2.96) (2.22) (0.77) (1.29) (0.97) 8.51
12. 10.04 0.76 0.12  =0.16 0.46 0.37 0.56 -0.19 L 943
(1.79) (10.17) (0.81) (=-1.02) (1l.64) (1.10) (1.93) (-0.65) 4 4S9
13, 10.24 0.73 ‘ 0.46  0.39 0,53 -0.25 0.25 =0.02 KT N
(1l.82) (9.63) (1.69) (1.18) (1.79) (-0.89) (1.87) (~0.14) L .56
=




