COWLES FOUNDATION FOR RESEARCE IN BOONOMICS
AT YALE UNIVERSITY

Box 2125, Yale Station
New Haven, Connecticut

COWLES FOUNDATION DISCUSSION PAPER RO. 197

Note: Cowles Foundation Discussion Papers are preliminary
meterials clrculated to stimulate discuss
critical ccment. Requests f'or single ¢

the limits of the supply. References in
to Discussion Papers (cther than mere ac
by & writer that he has access to such publi shed
material) should be cleared with the author to protect
the tentative character of these papers.

UNCERTAINTY AND DIVERSIFICATION IN INTERNATIONAL TRADE
W. C, Brainard and R. K. Cooper

October 27, 1965
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W. C. Brainard and R. N. Cooper

Yale University

"Diversification" has become a commonplace goal of economic policy in most
less developed countries. They seek to escape thelr heavy dependence on one or two
products for the bulk of thelr export earnings, and thus to aveid the costs in
human welfare and to development objectives of sharp fluctuations in export
receipts. They are generally unwilling to rely on private declsions responding
to market incentives to diversify the national economy. Yet carried to their
logical extreme, measures designed to avold fluctuvations in the world market
would involve autarky -~ glving up altogether the disadvantages, but also the
benefits, of dependence on foreign trade. Whlle a few countries come ludicrously
close to adopting autarky as an objective of policy, most recognlze the substan-
tial gains from trade and are unwilling to forego them entirely. This fact

suggests there is an optimal degree of "diversification”" for any one country.

This paper 1s divided into seven parts. In Section I we suggest some of the
costs which a country might bear as a result of wide fluctuations in export
earnings. It represents a non-rigorous attempt to establish legitimate grounds

for a lesg developed couniry to shun fluctuations in export earnings.

Section II indicates how the traditional two commodity model of international
trade should be modified to take account of uncertainty in the prices at which

international trade takes place when there are social coste, such as those



indicated in Section I, to unforeseen fluctuations 1.e., when there is aversion
to risk. The model is then extended to cover uncertainties in home production
as well. In Section III the influence of risk aeversion on forelgn trade is
extended to cover many commodities. This represents an application of
Markowitz-Tobin portfolio theory to international trade. While the discussion
is couched in terms of fluctuations in commodity pripes, the analysis is easily
generalized to cover other sources of instability, and this extension is made
in a technical appendix. Section IV presents some casual empirical evidence

which suggests that there are opportunities for effective diversification.

A public program to diversify the ecconomy 1s appropriate only 1f there is
some discrepancy beiween social. and private costs due to uncertainty, or if for
gome reason private investors are unable to diversify adequately even in response
to thelr own aversion to risk. Sectlon V suggestis several reasons why the soéial
costs assoclated with unforeseen fluctuations in earnings are llikely to diverge
from private costs. Section VI points out several policy measures to achieve
the soclally optimal degree of diversification. Section VII offers a brief

summary and concluding remarks.



The Costs of Instability

That export earnings of most less developed countries do fluctuate widely
is not open to serilous question. A comprehensive IMF study showed that during
the period 1948-1958, for example, the average annual fluctuation in export
earnings for primary producing countries was 9 percent, compared with 6 percent
for the industrial countries. For some countries the annual fluctuation is
mach higher, rising to as high as 2L percent in the case of the Sudam.:L Even
if earnings of less developed countries fluctuated no more widely than those of
the developed countries, the need to moderate such fluctuations in the former
countries might still be urgent because their impact on economic welfare and on
economle growth may be more substantial and less easlly offset than is the case
for developed countries. Compensatory fiscal and monetary policy is still in a
relatively primitive stage of development in many less developed countries, so
the means to offset fluctuations asre weak; and the impact of exvort fluctuations

on the important growth sectors of the economy 1s substantial.

1. International Monetary Fund, "Fund Policles and Procedures in Relation to
the Compensatory Financing of Commodity Fluctuations," IMF Staff Papers, VIII
(Novermber 1960), 6. The figures represent average deviations from five year moving
averages.

Recently a number of writers have pointed ocut that the size of fluctuations
in export earnings is not closely related either to heavy reliance for earnings
on only one or two export products or on one or two market areas. Commodity
concentration accounts for only a small part of export instability, and
geographical concentration is, if anything, inversely correlated to export ine
stability. DBut this observation does not weaken the case for diversification;
as we €111 show below, it Eerely indicates that diversification must be under-
taken carefully. See JEH'D. Coppock, International Economlc Instability, (New
York: MeGraw-Hill Book Co.) 1962, Chap. 5; A. I. MacBean, '"Causes of Excessive Fluctu-
ations in Export Proceeds of Underdeveloped Countries,"” Bulletin of the Oxford
University Institute of Economics and Statistics, 26(November 1964)323-3L1jand
Benton F. Massell, "Export Concentration and Export Earnings," American Economic
Review, LIV (Merch, 1964), pp. 47-63.
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Before proceeding to the central argument of the paper, it is worth
reviewing -~ even i1f only in general terms ~- the disadvantages which are
allegedly‘associated with wide fluctuations in earnings, especially export
earn;ggs.l These costs arise to some extent even if fluctuations in export
earnings are accurately foreseen, as anyone‘who has observed the elaborate
food preparation required to sustain an agricultural family from harvest to
harvest will appreciate. Real resources, in the form of inventories and storage
facilities, etc., -- or Interest costs where borrowing takes place -- are absorbed
even when fluctuations are correctly anticipatéd. However large these costs
may be, the costs are surely still larger if the magnitude or even the direction
of the fluctuations are not known, -- that is, if there is substantial uncertainty

about future earnings.

The costs of fluctuations in foreign exchange esrnings can be grouped
under four broad headings, some of which are logically derivative from
the others: social disruption, disruption of government services, reduction
of the return to investment, and reduction in the incentives to save and
invest. These costs will of course vary from country to country according to
national preferences, economic structure, and the efficiency of policy-making

machinery; the following comments are merely designed to be suggestive.

First, for the individual worker wide fluctuatlions in earnings are
probably regarded as undesirable per se. He does nol welcome swings in his

income from year to year, particularly if the future magnitude and direction

1. We should note here, however, that although these costs are almost
universally regarded as substantial the development literature is surprisingly
vague 1n specifying them with any precision.
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of such swings are unknown to him and are largely outside his control. Wide
fluctuations in export receipts ususlly involve large changes both in the level

and in the distribution of money incomes, with the precise impact depending

on the market structure and lebor market of the country in question. Where

small freeholders produce ﬁost of the export crop, as with rubber production

in parts of Malaya and cocos production in Ghana, fluctuations in exports

reduce labor incomes directly. Where exports are produced on plantations

or in mines, the impact of fluctuations in earnings falls partly on business

(including foreign businessl), partly on wages and employment. In either case
fluctuations may be transmitted to the rest of the monetized econcmy, leading to a total

disturbance to income much larger than the initiasting one.

A second cost associated with Instability of export earnings is the
disturbance it creates in the public sector. Typically a substantial fraction
of government revenues derlve from taxstion of foreign trade. If trade
fluctuates, so do revenues. When export earnings fall which usually leads to
a reduction in revenues from imports too), either public services must be
curtailed or the government must raise alternative funds by other taxes or by
deficit finance. When the latter route 1s taken it helps to stabilize incomes,

but at the expense of aggravating the defieit 1n the balance of payments.

More serious for growth-minded countries, fluctuations in export earnings

may distort the pattern of investment and reduce its efficiency. In the sbsence

1. In Chile the brunt of fluctuations in copper prices is apparently absorbed
by the profits of foreign-owned firms, so the transmission of instability to the
indigenocus economy is minimal. See Clark W. Reynolds, "Domestic Consequences of
Export Instability," American Economic Review, LIII (May, 1963), 93-102. Similarly,
if import requirements move in sympathy with export receipts -- a possibllity we
examine 1in some detail below -- the impact of fluctuvations in export earnings is
correspondingly less.
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of substantial reserves or borrowing facilitles abroad, the loss of export
earnings requires a retrenchment of imports, hoth public and private. With
imports of "luxury" items usually already held to a minimum in countries with
development ambitions, the loss of imports can hamper development plans by
delaying the acquisition of needed capital goods or industrial materisals.

Delays in getting parts or equipment can increase the costs of an investment
many times and postpone its returns, turning what would have been a profitable
venture into an unprofitable one. A sharp rise in export earnings, on the other
hand, may tempt investors into projects which are unwise in the long run. This
is especially likely, and has been observed many times, where the gestation
period between investment and output is very long, as in the case of tree crops;
a prolonged period of high profits conceals from the individual investor the

over-investment which is taking place until it is too late.

Finally, high variability in returns may well reduce the total level
of private savings and investment. Subsistence farmers will bhe discouraged from
shifting to cash crops, even with high average yield per acre and per man-hour,
because the possibility of starvation in a year of low receipts has an unacceptable
finality to it. Would-be entrepreneurs may be discouraged from borrowing for
investment even where there is Institutionalized lending, for the gloomy
prospect of overbearing debt in bad years may outwelgh the glittering prospect of

high returns in good ones. In general great uncertaimty in future rates of
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return will discourage private investment.l

Some, but not all, of these costs can be reduced or eliminated if the
country maintains substantial foreign exchange reserves or has access to
adequate borrowing facilities abroad. In that case, for the price of such
funds the costs of drastic curtailment of imports can be avolded, and the
country can pursue (if it is able to do so) a stabilizing fiscel policy without
undue concern about its balance of payments. But even this will not remove the
tendency of private investors to shy away from high risk investments -- or, on
the contrary, to undertake high risk investments in which they do not fully
comprehend the risk. There are certain real costs assoclated with uncertainty
which cannot be avoided by borrowing or by storing commodities (when they are
storable) during perlods of low price. These costs are especially high when
fluctuations are uncertain. In the language of modern portfolio theory,

therefore, most less developed countries may have good grounds for belng

l. ©Sir Sidney Caine has suggested that large fluctuations in earnings raisej
rather than lowerg total investment, for investment stimulated in boom periods
more than offsets the decline in investment in periods of slump. This outcome is
possible, but it implies a kind of "profit illusion" on the part of investors
which, if present to the substantial degree required to raise total investment,
1s also likely to result (ex post) in a great misdirection of investment. Thus the
higher level would have to compensate for lower efficiency. See S. Caine,
"Instability of Primary Product Prices: A Further Comment," Economic Journal,

IXVI (March, 1956}, 170-171; and "Comments on Professor Nurkee's Paper,”
Kyklos, XI (1958), 187-193. ,

It is worth noting in this connection a more formal argument why
individuals or countries which are interested in the long run rate of growth
will dislike uncertainty.

In order to meximize the expected long run rate of growth, the investment(s)
with the distributlion of outcomes having the largest geometrlic mean should be chosen.
For distributions having relatively small variances, this is equivalent to choosing
investments on the basls of a quadratic utility function displaying risk aversion,
see Markowitz, Portfolio Selection (New York: Wiley) 1959, Ch. VI.




"rigk averse.”

Specifying the "costs" of uncertainty with any precision is exceedingly
difficult even for a single country; and of course these costs will differ from
country to country. This section merely attempted to establish, in a rough and
intultive way, that developing countries might legitimately be "risk averse." In
the formal argument that follows we resort to the customary academic escape from
concreteness by postulating a social utility functlion which incorporates the
assumption of risk aversion, and this is conveniently done by assuming &
utility function which is quadratic in its arguments (see the Technical

Appendix).

II

Uncertainty in a Two Commedity World

Classical trade theory falls to recognize the implications of risk
averslion for the profitability of specialization and foreign trade. A few
writers on trade theory have acknowledged in passing that uncertainty will
influence the degree of specialization, but the formal theory has proceeded on
the agsumption that production costs and trading possibilities are known with
certainty -- or, what comes to the same thing, that there is no lapse of time
between investment for production of a given product and its exchange in foreign
merkets for import goods. This section amends the single two-commodity trade model to
incorporate uncertainty with respect to the prices at which goods can be exchanged
internationally. It also briefly discusses the consequences of uncertainty in

damestic production.



Disgram I reproduces the famlliar diagram for showing the advantages
of trade. FG 1s the production frontier avallable to the counﬁ& in question,
which can produce any combination of the two goods x and ¥y bounded by the
frontier. Only points on the frontier are efficient, and, in the absence of
trade, optimal production is at A , where the frontier is tangent to an

indifference curve for the community.

If, however, the country has the option of trading on a world market at a
price ratio p indicated by the slope of the line pp' , it can improve its
position by shifting the composition of its production from A to B,
specializing in x , and exporting the surplus of production cover consump-
tion (xe) in exchange for imports (pxe) of y . The new pattem of
consumption is € , which results in an improvement in welfare as compared

with A .

The conclusion of traditional trade theory that the country should and/or
will shift its production from A to B =along the production frontier assumes
either that movements along the production frontier can be made gquickly and
costlessly to take advantage of changes 1n prices as they arise or that the price

pr 1is known with certainty.

Neither assumption is valid in practice, particularly for primery
products. In general, once product specifiec investments are made, the possibilities
for substitutlion between final preoducts is greatly reduced. Specialization in a
product typically involves investment in production facilities a substantial pericd
of time before actual production takes place. Investment decislons

toda; affect future ocutput, not present output, and they must be
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Diagram I
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based on some (uncertain) estimate of future prices.

The presence of uncertainty modifies the descriptive and normative
conclusions of neoclassical trade theory. This cen be shown easily by an
extension of Diagram I. Suppose for simplicity that the costs of shifting
resources are negligible, but that one year must elapse between the decision
to produce and maturity of the investment. Output decisions todey must be determined,
not by today's prices, but by prices believed to prevail a year from now. Suppose
further that there is no uncertainty about the characteristics of domeetic
demend for production; the only uncertainty resides in the prices at which

exports willl exchange for imports on the world market.

The price line pp' in Diagram I must now be reinterpreted to indicate the
expected price; price is a random variable with a known expected value (p) and
standard de§iation (op). Decision-makers in the country mest now chooée
between several riskless options (consuming any combination of x and ¥y
on FG, among which A 1is optimal) and a number of uncertain ones. Any
decision to trade by exporting an amount Xy involves an uncertain outcome,
but with each proposed exchange we can associate an expected value (y) and a
standard deviation (ay) for imports of y . If production and trading
decisions must be made together, before the actusl exchange price is knownl 3
we can construct the locus of consumption possibilities for given values of

p and c? v

L. Regime 1 in the Technicsal Appendix. This regime would arise if a
country agrees under contract to supply specified quantities of its export prod-
uct in the future, but at world prices prevailing at the time of delivery. An
alternative model, in which a country rmust make its production decisions in the
present but can decide how much to trade after world prices are known, is
considered briefly below. and as Regime II in the Technical Appendix.
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Expected consumption (¥) of ¥y equals Yo + Exe , where Vo is the
amount of y produced domesticélly, and X is the amount of x exported at the
expected price p . The consumption of x = X, - % is known with certainty
once the decision has been made to produce xP and export x . The

e

consumption of y has a standard deviation cy =X, cp . Thus on the basis
of decislons concerning xP and X, s we can plot the opportunity locus of

consumption "bundles" (x, ¥, oy) o

This surface is sketched in Diagram II. The opportunity locus is
generated by considering each point on the produétion frontler FG and allowing
varyingiamounts of x to be exported. In each case ralsing exports by Axe
will increase y and o, proportionslly, by D Ax,  and o, Ax_  respectively.
Thus the opportunity locus 1s a surface of parallel straight lines starting
from a part on the production frontier PG and tracing out the curve GHJ
in the ¥y - 7, plane. Points on the curve GHJ represent the y obtained by
exporting all of the x produced at the corresponding production points on FG.
The meximum value of y (point H) can be obtained by producing at B , where the

expected price line is tangent to the production frontier.

The optimal decision‘for production and trade is determined by the
tangency of the opportunity locus with an indifference surface reflecting the
trade-offs between consumption of x , expected consumption of ¥y , and the
undesirable variatign in y .l From this point of tangency the expected amount
of x and y -to be consumed and Uy can be read off directly. The decision

variebles can then be derived as x_ = cy/c » and x_ =X+ xX_ .
e P P e

1. B8ee the Technical Appendix, Model I, Regime I, for the marginal
conditions.



II ureaderd

Im.._......



- 1k -

If there is no "risk aversion,” i.e., if the country attaches no cost to
variations In y , +then the indifference surface will be parallel to the cy
axie, and the optimel point will be on the line BH; the choice of production
will be B, as it was in the absence of uncertainty about world prices. In
that case, all that is relevant is the projection of BH on the x - ; plane,

and the analysis reduces to that indicated in Diagram I.

If, however, substantial dlsadvantages, such as those outlined earlier,
attach to fluctuations in exportlearnings, increasing uncertainty (a rise in cy)
would require compensatlon in the form of higher expected values for y or x
in order to leave the country as well off -- l.e., the indifference surfaces will
rise as oy increases. Some indifference surface will be tangent to the
opportunity locus, which indicates that, for any given x, y first rises,
then reaches a maximum and finally declines as ay increases. It can be shown
easily that the optimum degree of speciamlization -~ indicated by the point of
tangency -- willl under these circumstances be less than when there is no
uncertainty about future prices, i.e., the optimum point on the production
frontier FG will lle between A and B rather than resting at B, as in
the case of no uncertainty.l The greater the variation of world prices and the
greater the aversion to uncertain prices, the closer will the optimum production
point be to A, approaching it asymptotically as risk aversion or uncertainty be-

comes larger and larger.2

l. BSee Technical Appendix, Model I, Regime I.

2. It is worth noting, however, that even in this model, strict autarky is
never wvarranted on the basis of risk and risk aversion. The utility surface must
be perpendicular to the x - ¥ plane. At A, the expected world price is so much
more favorable than the marginel rate of transformatianbetween x and y that some
trade will always raise utility.
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The Influence of risk aversion on the selection of the optimal
amount of trade cén be seen in Diegram III, where for a given x the
opportunity locus and the indifference surface between y and cy are
shown as MV and UU' respectively. M 1is a typical point on the production
frontier, FG. The meximum expected consumption of y ocecurs at L (a point
on 1ine BH 1in Diagram II)}. If risk aversion were absent (i.e., if UU' were
& horizontal line), L would be the point of tangency between the indifference
curve and opportunity locus. Risk aversion is reflected in the positive
"slope to UU' as ay increases. This will typically_result in & point of
tangency such as that at D , calling for a smaller Oy hence (given cp) a

smaller value of trade than 1s indicated at I .

We have assumed so far that production and trade decisions must be
made before the trading prices are known. If the country has the opportunity
to decide how much to trade after it knows the price at which it must trade
(Regime II in the Technical Appendix), it will obviously be better off than if it
must decide beforehand how much to trade, since it has more information in
optimizing. 1In this case the marginal rate of substitution between x and y
in consumption can be equated to the price ratio, as in a world of certainty.
What 1s less obvious is that this freedom influences the cholce of an optimum
pattern of production. This influence is much more complicated than in the
regime just considered, however, and no generalization can be made without
knowing more both about the distribution of p and about the character of the

utility funection.

The presence of uncertainty in domestic production somewhat modifies
these results. In that case trade may serve to reduce the uncertainty in
consumption. Paradoxically, therefore, it may be desirable to engage in trade even
though the average prlce of the imported commodity would have been prohibitive

in a world of certainty. If, for example, the domestic production of y is
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Disgram IIT

H
e ]

oy



- 17 -

highly uncertain, importing y will provide a means of decreasing the
variance in the consumption of y , even if the world price of y itself
is subject to variation. On the other hand, uncertainty in the production
of x mey tend to reinforce the effect of uncertainty in p , causing

production of x to be less than in the world of certainty.

IiI

Uncertainty with Many Commodlities

The foregoing discussion has introduced uncertainty in world markets
into the traditional two-commodity anelysis of international trade and has
suggested that the theory must be amended to allow for uncertainty. In
practice, of course, developing countries face a wide range of choice in
making thelr investment decislions. This section extends the analysis to
include many commodities, encompassing both actual and potential exports and

products which displace imports.

To illustrate most clearly the effect of uncertainty on choice among
many commodities, we assume constant costs (= constant rates of return)
for simplicity, an assumption which will be relexed below. We also assume
that utility is a function of expected rates of return and deviations from
expected rates of return, or, slmply, risk and return,l rather thaen
commodity bundles as in Section II. These rates of return and deviations
from expected rates may be defined in terms of domestic currency or,
where the distinetion 1s appropriate,foreign exchange. Investment in the

production of any commodily, whether for export or import substitution,

1. BSee Technical Appendix, Model II.
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may be represented in the same way, each with ite associated risk and rate of
return. The risks can arise from fluctustions in world commodity prices,

from variations in weather, from work stoppeges, or from a variety of other
causes. For concreteness and simplicity we focus here on fluctuations in prices
on world markets as the source of uncertainty, but this restriction is unnecessary

and a more genersl formulation 1s given in the Technical Appendix, Mcdel II.

A1l feasible investments can be represented in a dlagram in terms of
their respective risks and returns.l For example, Diagram IV plots the
prospects of three different investments called copra, coconut oii, and
peanuts. Consider first coconut oil and peanuts. As drawn, coconut oil
yields a higher rate of return than peanuts, but it is also subject to greater
uncertainty.2 It will be clear from the analysis in Sectlon IT that selecting
the investment with the highest expected rate of return will not be optimal
if it 1s associated with substantial risk and if risk aversion is high.
However, combining several ilnvestments into a "portfolio" introduces a new
possibility: advantage can be taken of any differences in the pattern of
variation in export prices, i.e., the covariance between various export prices

becomes lmportant.

1. This technique is developed by James Tobin, "Liquidity Preference as
Behavior Toward Risk," Review of Economic Studies, ¥XXV (Februery 1958), 65-86.

2. In order to construct this diagram some assumption must be made about
the rates of return on the various investments. These were arbitrarily chosen
to be .2, .15, and .l for coconut oil, peanmits, and copra, respectively. In
order to obtain the risk assoclated with these investmenis it was assumed that
the coefficient of variation observed from the "world" date in Table 2 was the
coefficient of variastion for each indlvidual country.
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If the ylelds on the two investments, such as coconut oll and peanuts
in Diagram IV, are perfectly positively correlated, alweys rising and falling
together, then a stralght line joining the two points descrlbes the yleld-risk
characteristics of various combinations of the two investments. If, on the
other hand, yields on the two investments are virtually uncorrelated, the
yield-risk characterlstics of all combinations of the two investments are shown
by the curved line joining peanuts and coconut oil in Diagram IV {here the
correlation used was -.26, taken from Teble 2). Lack of correlation reduces the
risk associated with any given expected yield on the portfolio. Where yields are
rerfectly negatively correlated, with one yield always high when the other is low
and vice versa, then the risk-yleld characteristics of various combinations of pea-
nuts and coconut oll would be indicated by two stralght line segments Jjolning the two
initial points with a common point on the vertical axis (zero risk) showing a

yield higher than peanuts but lower than coconut oil.l

1. The risk-yleld characteristics of any portfolico & allocated to two in-
vestments x and y in the proportions a and (l-a) are glven by the followlng
relationships:

: i O--«—z—‘[" - T
Expected yield of § = r BT (1 a)ry

Variance of the yield of § = 02 = aeci + (1-3)2 05 + 2a(l-a) POy Oy
where T, = the expected rate of return on investment 1 , ci = the varlance
of the returmon 1 , and p 1is the correlation coefficient between the returns on
the two investments. BSetting p =1 end p = -1, respectively, gives the curves
described in the text. n

For a portfolio S of n investments, r = a,r., and

n 8 i=1 i1
o n n
.= L L a,a.p..0c,0., vwhere a. 1is the proportion of the
] 175371 173 i

g=l i=1
portfolio on investment 1 , Z a, = l, and Pig = 1.
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Disgram IV

Risk and Return for Three Assets

Rate of return
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It is possible to reduce the risk associated with any portfolio of
investments by adding investments with returns not highly positively correlated
with those already in the portfolio. Thus a country mey stabilize its export
earnings by diversifylng into exports which have uncorrelated or (preferably)
inversely correlated movements in world prices. It may even make sense for a
country to invest in a low yield-high risk export industry, 1f its price pattern
has a high negative correlation with the prices of other products. This
possibility is seen on Diagram IV by considering combinations of peanuts and
copra. An investment in peanuts has higher yield and lower risk than a
similar investment in copre, and thus the former investment is preferable on
both counts. However, if the returns to peanuts and copra are highly inversely
correlated, risk can be greatly reduced by investing partly in copra. The
curved line connecting peanuts and copra in Diegram IV assumes p = -.47 for

Peanuts and copra prices taken from Table 2.

The analysis of Diagram IV can be extended, with some complication but
without any new principle, to encompass more than two investment opportunities.
For all possible combilnations of investments, there will be an "envelope" which
represents the "efficiency frontier" facing the country; all other combinations
wlll be dominated by some combination on this frontier.l The shape of the
envelope, and the possibility for reducing risk by diversifying investments, is
governed by the covariance matrix of returns on ell the various investments.
The more small or negative correlations there are in realized returns to the
various investments, the greater the opportunity for reducing risk through

diversification.

l. Jemes Tobin, "The Theory of Portfolio Selection," Chapter 3 of Money,
unpublished manuscript. The dotted curved line in Diagram IV indicates the
"efficiency frontier" for the three commodities shown.
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Whlle some Intermediate and final products show substantial varistions in
prices these price movements often reflect movements in the prices of important
inputs; the return to the process of fabrication is much less variasble, or
varies with a different pattern. Countries may be able to reduce the variability
of thelr foreign exchange requirements if theylenlarge their imports of products
whose prices are highly correlated with the pfices of their exports. A country
wlth extensive processling, such as Japan, experiences congiderably less difficulty
from wide fluctuations in export earnings than might appear at first sight because
of sympsthetic movements in import requirements and import prices. Similarly,

a country can often reduce fluctuations in earnings by processing industrial
materials produced domestically rather than exporting them in the raw state.
Even where the processing is relatively high cost, the gaing from reduced risk

may compensate for the low yleld.

The large sympathetic movements In prices of materials inputs and
fabricated outputs in Table 1 indicate much less variabllity in returns to the
fabricating process. Moreover, in almost all cases total variation is smaller

for the more fabrlcated product.

Diagram V 1llustrates the influence of varlance and covariation in input
prices on the risk-yield characteristics of a processing industry. Cotton-cotton
varn is considered for concreteness; data on variation are from Table 1. We can
represent the spinning process by plotting the yleld and risk for cotton yarn
before deducting costs and variations in cotton inputs. Cotton inputs can then be
represented separately with their own variation and with a negative "yield,"
since they must be purchased. Not surprisingly, prices of cotton and cotton yarn

are highly correlated positively; but for the analysis of processing industries
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a positive correlatlion behaves analytically like a negatlve correlation for

the case of two final product Industries. Thus the opportunity lecus is

heavily howed to the :L¢=,-i“(‘”.:L If the input-ocutput relationship is technclogically
fixed (e.g. 1.2 pounds of cotton are required to make one pound of cotbton yarn),
then the risk yleld characteristics of the processing industry are found by
finding the point S on the curve (drawn for p = + .T5) representing that "mix"
between cotton and cotton yarn. If prices are highly correlated, the variability
of the processing industry will be smaller than that for elther product, as shown.

This point & then represents a;possible investment, and should be added to

the array of investments considered, such as those in Diagram IV.

The cholce of a particular point on the efficlency frontier is governed,
of course, by the utility funcetion. Utility is maximized by selecting & point
on the efficiency fronbier which is tengent with an indifference cufve; the
common slope will indicate the rate of substitution, or “trade-~off,” between risk

and return. If there ig no risk aversion, then the indifference curves are

1. This effect can be shown algebraically. BSet P = the price of the

output, = price of the input, and pP = the price of the “process.” Then

Py
Pp = p2 - al2 pl where al2 represents the physical
input-output coefficient for the process; assumed constant. Then
2 ,
The Technical Appendix, Model II, provides a more general formulation.



horizontal and maximum utility is achieved by investing, in the case of

Diagram IV, all resources in coconut oil..l

Iv.

A diagram like Diagram IV indicates how risk, or unforeseen variations in
earnings, can be reduced through diversification. But the benefits from diversifi-

cation depend intimately on variations in return to different investments being

1. The analysis so far has assumed constant costs, or rather constant
yates of return. The analysis ls complicated by the presence of rising
costs, since the risk-yileld characteristics of any particular investment then
depend on the magnitude of the investment. In particular, it becomes
difficult to represent the rising cost case in two dimensions, since instead
of having r =Y , we now have r = r(q) , where q is the volume of output
in the industry in question. Conceptually, however, the analysis is similar,
and in principle the envelope of efficient investments could be represented
in the three dimensions yield (r) , risk (o) , and volume of output (q) .
The case of rising costs is introduced algebraically in the Technical
Appendix. The presence of rising costs permits the use of taxes and subsidies
to guide private entrepreneurs to the optimal degree of diversification, as
will be explained in Section V.
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"out of step." Unhappily, returns to exports of many primary products are
positively correlated; largely because earnings for all industrial materials
are heavily influenced by the strength of overall demand in the industrial
countries and hence tend to fluctuate together with fluctuations in industrial
production in the major countries. Diversifying from the production of rubber
to the production of jute, for example, will not reduce by mch the instability

of export earnings.

However, for a number of commodities the mejor source of instability iz on
the supply side. Demand for tropical beverages such as coffee, tea, and cocoa
T
does not fluctuate much with the business cycle, for example, but prices do
fluctuate considerably due to variations in weather and to long-run supply cycles.
Primary products can be grouped roughly according to whether the principal source

of price instability arises from fluctustlons in demand or in supply.

Diversificetion to reduce risk should involve choosing commodities on both lists.

A third list can be made of imported commodities, largely manufactures but
also including some semi-manufactured industrial meterials. Produced
at home, some of these products are subject to quite different risgks from the
first two groups. Import-replacing activities may be fully dominated by export
activitles which have both higher yield and lower risk, yet still have an
important role in a sensible investment strategy if its yield varies inversely
with the yield on various profitable export industries. Inverse correlatlon
is a very real possibility for fthose activities which involve processing
industrial materials whose prices fluctuate substantially with the business

cycle in the industrialized countries, as discussed above.
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One explanation for the evidence mentioned earlier that fluctuations in
export earnings are not closely related to concentration of export earnings on one
or two primary products may be that countries tend to produce a range of products
which have similar characteristics, e.g., their exports all depend primarily on
industrial production in the major countries or they are all subject to the same
vicdissitudes of rainfell and sunshine. This would be natural if privatelproducers
followed the guide of profitability and ignored or underrated the disadvanbages
of fluctuation in earnings, a matter discussed in the next section. These coun-
tries, though ostensibly “diversified," may not have diversified properly;

.sim@ly adding commodities to the list of exports is not sufficient,l Some of
them may have diversified properly through import substitution, of course, buk
this would not be reflected in the figures on export earnings and hence weculd not

influence the finding of Messell and others.

That earnings on all the export products of primary producing countries are
not highly correlated is implied by the data in Tables 1 and 2. Table 1 shows,
for varlous pairs of commodities, the variation and covariation In world prices
between 1951 and 1963, using annual asverages of ccammodity prices compiled by the
United Nations. Column 1 records the correlation coefficient between prices of
the two products in each row. The next two columns give the coefficient of varia-

tion (normalized standard deviation) for the first and second commodity in each

1. The main explanation for Massell's results, 1s that many highly
industrialized countries export a wide range of goods ~- and hence show low export
concentration ratios -- but capital goods, which are notoriously sensitive to slight
changes in the growth in world demand and output, bulk large in their exports. The
industrialized countries, which hold substantial internastional reserves, can on the
whole sbsorb fluctuations in export earnings with much less difficulty than can the
less developed countries. If they are excluded from Massell's sample, the correla-
tion between fluctuation in export earnings and export concemtration ratio might
well rise. Coppock points out, for example, that among broad groupings of primary
producing countries alone, there does seem to be a systematic connection between
instebllity of export earnings and concentration of exports on a few products, Coppock
op. cit., p. 10L.
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Table 1

Variation and Covariation in Wholesale Commodity Prices
for World Trade, 1951-1963

Commodity Pair Correlation Normalized Standard Mean
Coefficlent Deviations
P o1 9 P9,05 Hy Ho
" — - % 1060 (U.8. $ per short
| l ‘.1-2 “11.12 a b} o Per SEnorT

ton exc. as noted)

Substitutes in

Production:
Bacon~-rice -.01 Ol .23 - .078 & 617 & 148
Beef-butter -~ 15 .16 A1 - 2.5 580 816
Beef-rice -.80 .16 .23 - 29, 580 148
Beef -wheat -.53 .16 .10 - 8.3 580 6l
Beef-wool -.86 .16 .32 - 43, 580 1300
Cocoa-coffee +.65 .28 =) L, 680 909 -
Copra-peanuts =47 W15 .09 - 6.7 166 384
Copra-rubber +.24 .15 .28 4.9 160 620
Corn-wheat + .43 .16 .10 7.7 50 Al
Cotton-Peanuts +. 4k .21 .09 8.4 584 384
Lumber-woodpulp -. 49 .02 .22 - 2.6 85 169
Peanuts-abaca -.58 .09 .25 - 13. 384 358
Rice-jute -.16 .23 .26 - 9.5 148 220
Rice-rubber +.12 .23 .28 7.9 148 620
Rice-sugar +.10 .23 .38 8.7 1u8 81
Rice-tea -.Th .2% .13 - 23, 148 1070
Wheat-wool +.54 .10 32 17. 64 1300
Fabricating Processes:
{opra~coconut oil +.85 .15 1% 18. 160 264
Corn-bacon +,11 .16 .0k .73 50 617
Cotton-cotton yarn +.75 2% .12 18, 581 1475
Cotton yarn-fabric  +.87 .12 2% 23, 1473 162
Jute-burlap +.78 .26 .20 41. 220, 11®
Lumber-furniture +.31 .02 .08 5T 85 n.g.
Pig Iron-steel -.19 .12 V11 - 2.4 555G 756
Steel-steel products +.7 L1l .12 11. 756 r.a.
Wheat-flour +,20 .10 .08 1.6 64 12%
Wood-wool yarn +.80 .52 .25 78. 1300 3020
Other:
Aluminum-copper +. 44 .12 L1 8.1 479 £09
Bacon-beef -.16 .Ch .16 - 1.0 617 =80
Beef-hides -.0L 16 .12 - .68 580 430
Bicycles-tea -.18 Nl .13 - 1.0 n.a. 1070
Coconut oil-palm oil +.33 N 12 5. b 264 216
Coffee-tea +.12 .24 .13 3.8 509 1070
Rice-steel ~.93 .23 .11 - 23. 148 756

a $/100 yards b $/1000 board-feet

Note: Subscripts on the means and shandard deviations designate the first and second

commodities in the listed pairs. Standard deviations have been "normalized® by

Gividing each by the mean value of the variasble. For means, foreign prices converted

to U.S5. dollars at official exchange rates.

Source: Computed from data in United Hations, Monthly Bulletin of Statistics and
Germany (F.R.) Statistical Yearbook.
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pair, respectively. Column 4 gives the normalized covariance, and the final two
colums enter the mean values of the first and second set of prices, respectively,

converted where necessary to U.S. dollars at official exchange rates.

Table 2 provides a matrix of price correlation and covariance data for
twelve commodities over the same period. Correlation coefficients are shown above
the dlagonal, normalized standard deviations along the diagonal, and normalized
covariances below the diagonal. This is the sort of matrix which any partisular
country wanting to diversify might construct. Exclusive emphasis on prics
variations 1s of course not justified; the sources of variation in export earnings
extend well beyond variations in world prices. According to estimates by MacBean,
Tluctuations in export earnings for most individual countries are due more to
variations in domestic supply than to varistions in world pricessl For any in-
dividual country, therefore, it would seem to be more important to construct a
matrix such as that in Table 2 for varlations in ocutput or revenue. Such data
would be specific to one country, however, or to a group of contiguous countries

and are beyond the scope of the present paper.

Fluctuations in world prices represent a source of potentiasl wvariation
for all trading countries. The analysis of these fluctuations included here
is primarily meant to be suggestive of the possibilities for diversificaticon
rather than the basis for actual prescription. The variance and covariance
reported in Tables 1 and 2 were computed from higtorical data without removal
of the trend. What is really wanted, of course, is an estimate of the uncertainty
assoclated with the course of future prices. In order to obtain estimates in

which one would have any confidence would require a commodity by commodity

1. 0p. cit., p. 332



Table 2
Wholesale Prices of 12 Commoditiesﬁ Correlations and Covariances, 1951-1963

Rice Mzize Coffee  Cocoa  Buger Bacon  Peanuts Copra Coconut Cotton Cotton Bicycles
0il Fabric

Rice b7 48 .10 -.01 .26 .09 .51 .86 .65 -.26
Maize 33 .50 15 11 .35 .06 .50 .ok 71 -.55
Coffee 26 27 -.15 -.13 43 -.13 .16 .58 .24 - 7T
Cocoa 31 23 Ll -.51 -39 .36 5T .53 12 -.51
Sugar 8.7 9.6 -1k =20 Ll -.02 -.07 -.03% .08 .21 iy
Bacon -. 78 73 =1.3 «3.h 6.7 -.13 -.02 -.15 -.09 L1k
Peanuts 5.6 5.3 9.8 0. _ _-.75 - 7 -.26 pin -,19 - .26
Copra 3.2 1.5  -4.8 15. =4.1 -8.2  -6.7 .09 .30 -.15
Coconut .

0il 17 11 k.9 22 -1.8 .85  -3.4 18 .48 .49 -.35
Cotton b 32 29 30 6.2 -1.2 8.4 2.9 1k . 51
Cotton
Fabric 34 26 13 7.3 18 .90 =3.9 10 16 3h .25
Bicycles =2.5 -%.8 -7.8 6.0 7.5 .25 -1.0 -.95 =2.0 -5

Note: Correlation coefficilents are above diasgonal; normalized covariances times 1000 are below.
Dilagonal is normalized standard deviations.
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study. In the case of particular commodities there may be information which
leads one to suspect that pgst price variation is likely to be unrepresentative
of future price variation. Similarfly, in the case of some commodities (e.g.
light manufacturing) it may be thought that the price trend was predictable

ex ante in which case it would be more appropriate to measure the variance

around trend.

Table 1 places commodity pairs imto three broad groups: those for which
there is a fairly high elasticity of substitution in production, those which
involve processing one product into the other, end a miscellany of others,
including joint products, close substitutes in consumption, and so on.l On the
basis of these data, it would appear that countries such as Argentina and
Australia did well to produce beef and wheat or beef and wool, since price move-
ments for these commodities have been inversely correlated:_ Lumber and wood-
pulp 1s also & good combination. "Diversifying" from wheat to wool or from
coffee to cocoa, however, represented largely diversification in name only,
since price movements for these pairs of commodities broadly paralleled one

another.

In selecting commodities for diversification it is not sufficient to look
only at the expected covarlation in receipts; it is necessary also to look at
expected costs and returns. Even for extreme risk aversion there is some
sacrlifice in expected return which is so great as to make diversification into
the high cost product unwarranted. Ratee of return for any given product line will
of course vary greatly from country to copntry, and they must be estimated for each

country. These rates of return influence the risk each country takes in making

1. In Tables 1 and 2 bicylces were inserted as a proxy for all light manu-
facturing of final goods which many less developed countries have fogztered. Price
variations in these products have been very modest in size, and as a result co-
variances with other products are low, indicating some potential reduction of risk.
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v

Divergences between Private and Social Risks

The introduction of uncertainty into the analysis of international trade
problems modifies, as we have seen, some of the traditional normstive and des-
criptive propositions of trade theory. It does not ipso facto produce a case
for policy measures to induce diversification in primary producing countries,
even when the uncertainty faced is very large. Such a case depends partly on
the cost involved in experiencing fluctuating export earnings. Some of thege
costs have already been suggested. Policy intervention depends equally, however,
on & failure of the private economy to adjust appropriately tc the high varia-

bility of export or other earnings.

Many of the disadvantages of high risk rebound to the private investor.
If he can, he will take steps himself to diversify; and if he has chosen not to
diversify, it may indicate that the reduction in risk which would accompany
diversification is not sufficient to compensate for the reduction in
expected rate of rctufna If the opportunities confronting an individusl
investor are the same as those confronting the economy, intervention is
Justified only if his estimates of risk and return, and the costs he at*aches
to risk, differ from the ccsts, returns, and risks to society. Thers are o number
of reasons for conjecturing that private investors do not take into aceount the
Tull soclal costs of high variability in earnings, especially export earnings. Private
investors look out for their own interests; social objectives are often differant ard
considerably broader in scope than those of private investors. Moresover, even
if investors do estimate costs correctly, they may not be able to diversify

individually. This section discusses some of the reasons for discrepancies
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between the private and sccially optimum diversification.

First, 1t is worth noting that domestic ilnvestors may not diversify
sufficlently not because they do not want to, but because they sre unsble to do
s0. Imperfect capital markets, or indeed the complete absence of any kind of
capital market, will impede diversification elther through borrowing for extensive
investment or through lending to others. Thus investors are required to
rely  largely on self-financing, and for profitable disposition of funds on the
investment opportunities which can be managed directly by the investor. As a
result, diversification becomes very difficult for the single investor, since

personal management of diverse investments has severe limite.

Inadequate facilitlies for diversification and inadequate information
about such facilitiss as may exist induces risk averse investors to diversify
in ways which are not slways appropriate for the economy ag a wholz. The most
frequent form of diversification in less developed countries -« but also until
very recently 1t was widespread in Europe as well -- is subsistence agricultural
production. Farmers usually do have the option of crop diversification if they
have sufficient land. But the hazards of being faced with high food prices in
years of low Income are sufficiently disagtrous in meny parbts of the world to
induce many people to insist on retaining land and on farming at lemst part of
it for home use. is form of risk averting behavior helps preserve extremely

low productivity in agriculture.

Fven when diversification into a wide range of activities is
avallabls to the individual investor, however, he may not diversify ophtimally
from a social point of view. In framing thelr investment decisions, investors

wlll take into account only the disadvantages of instability in receipts to
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themselves, not the disadvantages to other groups. There are three reasons
for supposing that this mekes insufficient allowance for the social costs of

variation in returns, especlally when export receilpts are involved.

First, a part of the variation in receipts may, as indicatzsd earlier, be
borne by workers or other factors, rather than by the investorsul The effect
of variability on investors' profits can be cushioned by passing part of it on
to groups which have no direct role in making the investment decisions. Yet
the social anu psychic costs of variatlons in wage incomes and employment are

likely to ve high, and they ought to be reckoned in any investment strategy.

Second, as already noted, swings in export receipts influence government
revenues both directly and indirectly, and hence affect the ability of govern-
ment to carry on public programs efficiently. Indeed, if the system of taxation
1s progresslive, the sympathetic swings in government revenues actually reduce
the risk facing the private invesbor relative to his expected rate of return;

and hence encourage risky investments.

Quite apart from the immedlate effects on government revenue, swings in
export earnings complicate the task of government in carrying out overall
cbjectives of economic policy by, for instance, ceonfronting it with psriodiz
balance of payments dlfficulties. Monetary stability in less developsd coun-
tries is infiuenced as much by the magnitude of the problem of stabilization

as by the gkill and sophistication with which the monetary avthorities cope with

1. Some econcmists may prefer to call this another case of market
imperfection. Fresumsbly, with perfect labor markets, labor’s preferences with
respect Lo uncertainty in the wage rate and employment would be appropriately
felt by the investor or firm.
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monetary disturbances, and perhaps too mich blame for monetary instability has
been laild to ineptness of the authorities, not enough on the difficulty of the

task.

Third, investors may in fact diversify their portfolios adequately, but
this may still leave any one country with excessive variation in earnings.
Large international firms take a glcobal view of their investments, not a
national one. Bubt balanced investment decisions at a global level will
typically leave many countries in which investment takes place with a higher risk
than exists for the portfolio as a whole. Here the interests of the foreign

investor and that of the host, or debtor, country may diverge sharply.

For all these reasons there is llkely to be a substantial discrepancy

in many less developed countries between private-behavior toward risky invest-
ments and that which would be socially optimal.,l Some sort of policy lnterference

with the allocation of resources may therefore be desirable to help guide in-
| vestment and output decisions toward the soclally optimal degree of diversifica-
tion. If in Disgram IV, for instance, the risk-yield opportunity frontier
facing the country is the dashed envelope and the point of tangency with the
social indifference curve iz at b, but private investors understate the costs

of risky investments and invest more in ccconut oll thar is indieat:zl a2t b , then

government measures to influence the pattern of investment will be warranted.

1. Tobin has argued, for the United States, that individual investors
will tend to invest less than is socially optimal because they face individual
risks -~ inroads by competitors, loss of financial control of the firm or farm,
etc. -- which do not represent social risks. Total private investment in less
developed countries may be limited for similar reasons. We are here primarily
concerned with the possible misallocation of investment among various alterna-
tives, not with the total. However, the ability of investors to pass on some
variations in demand to other elements of society, such as workers or government,
suggests that in some instances too much private investment will take place. This
is as true, for instance, of the sutomobile industry in the United States as of tin
mining in Malaya. See James Tobin, “"Ezon. Growth as an Objectives of Poli~y.™ American
Economic Review, LIV (Mey 196k4), p. 13-1k.
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Several types of measure can be used to encourage diversification: taxes and
subsidies, guarantees and insurance, direct controls over investment, and
encouragement of capital markete. Themerits of each depend upon the particular

circumstances of the country.

Vi

Measures to Encourage Diversification

Where effectlve markets exist and where entrepreneurs respond readily to
market incentives, use of simple taxes and subsidies to guide private decisions
toward the optimal portfolioc of investments for the country as a whole may be
effective. If production is subject to increasing costs, then a system of
specific taxes and subsidies -- taxes and subsldies per unit of output --
can be used to "distort” the yields on various investments
with a view to penalizing high risk projects and rewarding low risk ones, for
example, to achleve the socially desirable combination. If we ignore procesgsing

industries, the appropriate tax (or subsidy) to levy on industry i is

= o - * * «s0 * " e e * A
by (ng-np) la¥ oy +ag oy + oot afo, + v ako ],

where tj is the tax (subsidy) per unit of 1 , (ns~np) is the discrepancy

between social and private risk aversion,l qg is the socially optimal output

of qj , and Uji is the covariance of prices for products i and

n
1. With risk aversion, n <0 . If private entrepreneurs underrate the
costs of risk, n, < nP and (nsﬂnp) <0 . For a derivation of this formula, see

Technicel Appendix, Model II.
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If social risk aversion exceeds private risk aversion, - (ns-gp) >0, eand

each product should be taxed in proportion to its own variance (Gii = cf) and
to the covariance of 1ts prices with the prices of other products. TIf thése
covariances are sufficiently negative, it may be appropriate to subsidize the
product -~ as in the case of copra in Diagram IV. Allowance for processing
industries complicates the tax formula somewhat. Along the lines of the

analysis in the previous section, a high correlation between a product's price
and those of its principal components reduces the risk in the processing function;
thus such correlations reduce the tax (or increase the subsidy) appropriate for
the processing industryol Where a desirable industry competes with imports,
tariffs could be used instead of subsidies, although they have the undesirable

by-product of reducing domestic demand.2

1. BSee Technical Appendix, Model II.

2. Use of these taxes and subsidies to achleve the soclally optimal
"portfolio” of output assumes that private entrepreneurs are trying to maximize
the same kind of objective function (utility function) that society i1s, except for
differences in risk aversion. In particular, it assumes that market prices for all
products and factors reflect thelr true social cost, and that the exchange rate
is in equilibrium so that profit maximizing behavior leads, in the short run, to
maximum national income. Much of the literature on economle development
emphasizes precisely the dlscrepancles between private and social costs, e.g.,
for labor or forelgn exchange. Where such discrepancles do exist, the taxes
and subsidies appropriate for diversifilcation must be modified if market
incentives are to be used effectively to achleve other social objectives.
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The fact that risk as well as prospective yield may influence private in-
vestment decisions opens a new range of policy instruments, viz., those that
affect the risk facing private investors. BSoclally desirable investment can
ve encouraged by reducing risk, for example by establishing a minimum guaranteed
rate of return or by providing insurance. A system of progressive profits taxa-
tion lowers the yleld to investors, but i1t lowers even more the risk they
face, since tax revenues ebsorb a more than proportlonate share of any fluctua-
tions in profit. Commodity marketing boards in less developed countries
often stabilize returns to producers. The intention here is usually to encourage
production and reinvestment {saving) rather than to redirect investment from
one type of activity to ancther, but this stabilization often induces peasants

to reallocate resources from the subsistence sector to money crops.

By the same token, investments in certain lines could be discouraged
with the objective of diversifying the country's structure of output by policy
measures designed to increase the risk producers face. Thus, marketing boards
might deliberstely exaggerate, rather than damp, fluctuations in world prices

in their psyments to producers.

If costs are constant rather than rising, it is not possible %o rely on
simple taxes and subsidies or on guarantees and insurance to achieve the
socially ideal portfolio unless individual investors attach some aversion to
risk and unless such investors can diversify individuelly. If private risk
aversion is absent, for example, investors will select projects with the maxi-
mum yleld after allowance for taxes and subsidies; and in a constant cost
world they will all choose the same product. Similarly, if lnvestors are unable
to diversify individually, they will still concentrate on one product which
setisfies best their trade-offs between yield and risk, after taking taxes and

subsidies into account.
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Here other measures are needed to achleve socially optimal diversification.
One possibility is the use of government direction over investment and output
declslong. Such direction is needed because there is no system of market influences
which will guilde private investors to the optimal composition of output; all
private investors will choose the best opportunity of the moment, and risk-reducing

diversification will be lost.

A long=-run alternative to govermment direction lies in improvement of
local capltal markets and other financial institutions, so that risk-averting
individuals are able to diversify their own investments. The difficulty for
individual investors of mansging a wide range of activities can be overcome
if individuals have the opportunity to hold some of their assets in equities of busi-
ness which they do not manage. Special efforts are required to create facilities
for the peasant farmer to "diversify"” in ways other than those he hag tradition-
ally followed. Efficient capital markets in urban centers are not likely to
reach him. Agricultural investment banks and credit unlons are important
linke between the financial markets and the peasant, enabling him to extend
his investments beyond those permitied by his own immediste resources and to

provide an outlet for savings other than reinvestment in the land.

The improvement of financial institutions and capital markets, while
important, will not by itself assure a socially optimal composition of output
because of the discrepancies between private and soclal costs of instability
mentioned earlier. But by permitting individuale to diversify, capital markets
improve the effectiveness of measures designed to influence private investment

declsions.
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VII

Summary and Conclusion

The argument of this paper can be briefly stated as follows: wide varia-
tions in export receipts leading to fluctuations in national income are on
balance costly to primary producing countries in terms of soclal cohesion,
efficient allocation of resources, and economic growth. The pure theory of in-
ternational trade has not incorporated uncertainty about the prices at which
trade will take place (or the quantities which will actually be available for
exchange); it rests on assumptions conderning the mobllity of resources and
knowledge about the future which reduce questions of uncertainty to negligible
importance. 1In the real world, however, lack of perfect knowledge about the
future combined with a time lag between investment and returns to investment
glve uncertainty a very great importance in influencing economic behavior. In
Section II we indicate how the descriptive and normative theory of trade can
be modified to take this uncertainty into account. We then consider how an
econony can reduce the variation in its receipts by a proper diversifiecation
of output. It can reduce varigbllity of receipts by investing in products
which have different market characteristics -- products whose prices follow
different paths of varistion and products which are subject to different

sources of uncertainty in supply.

Finally, we congider various ways in which the social cost of fluctuations
may differ from the private costs, or at least the private costs of those making

the investment decision. Private diversiflcation may not be optimel from a social
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Point of view -- the extreme and most obvious case is provided by the interw
national firm which diversifies over its entire portfolio, regardless of how

mich variability that may involve for any particular country.l

Where such discrepancies do exist, various pollcy meassures can be used
to achieve the desired degree of diversification. These measures include the appro-
priaste corbinations of taxes and subsidiesor teriffs); and they include various
megsures, such as Insurance and guarantees, to influence the risks incurred in
investment. In some circumstances, only direct interference in the choice of

ocutputs will lead to the socially optimal composition of output.

The Justification for some protection of some industries in some cages
emerges from this argument as a result of a divergence hetween private and public
calculations of the costs of high variability in export earnings. It pas long
been recognized in the theory of intermational trade, even by free traders, that
protection mey be warranted when there are various “externalities® --
when the lnvestment in question produces desirsble extérnal effecte which cannoct

be captured by the investor in his profits.2

The case for protection here also rests on externalities; what we have

added ieg merely a new dimension, not analyzed explicitly in the literature on

the theory of trade, in which such externalities may occur. That dimenslon is

uncertainty. The private investor msy reckon the expected rate of return in a

1. It should perhaps be noted that with perfect world markets
in capital and labor this discrepancy would not exigt. 1in such a world
our policy meassures would be lnappropriate on & national level even if there
were a discrepancy between private and social risk aversion.

2. Undesirable external effects may also arise, but for some reason these
do not figure importantly in the liferature on protection.
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way which provides the appropriate basis for social calculation -- private costs and
benefits may correspond to soclal costs and benefits in this dimension -- but
sti11 mey make the wrong decision from a soclal viewpolnt because he underrates

the social costes of high varisebilliy in recelpts.
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Technical Appendix

Model I.

This appendix demonstrates formally some of the statements in the text
for a particular class of utility functions. Suppose a country's preferences
for two commodities, x and y , can be represented by a quadratic utility

function in the two goods:

(1) U = ax + by + kxy + e ny2 ; » S ,2%5_;;25 » ¥ < 2559_:_55
kW - bkmn X - L mn

where x and y represent consumption of the two goods and where

a>0, >0, m<0, n<0 and 4L m - k2 >0 provide the desired propertie.
of positive but diminishing marginal utility in x and y in the range under
consideration. n reflects the degree of risk aversion in ¥y, and m the

degree of risk aversion in x . k influences the degree of substitution (k < 0)
or complementarity (k > 0) between x and y . We define a production

function ¥, = F(xp) > F{ <0, F; <0 indicating the meximum amount of ¥

the country can produce for each specified production of x . The country
can also obtain y by exporting x , receiving p units of y for each

unit of x exported.i/ Thus the consumption of the two goods is:

(2) x, = X, - Xg where the subscript c
' refers to consumption, p to
Yo = yp * g production, and E to export.

i/ x 1is always chosen to represent the commodity exported, i.e., x <0
is not admissible.
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Substituting (2) in (1) gives:

(3) U o= alx, - xE) 0y +oExg) +k(x, - x) (v, + pr} * m(xp - xE)2
+ n(yp + pr)e .

The country's objective is to maximize (3) (or its expectation) subject

to the production function.

Certaint

In the absence of uncertainty, meximizing U requires:

ou

(.a) 5 ° a+bFl(xP) +hy, Fl(xp) +2mx +2ny, Fl(xp) =0
) U o et pbtkpx -ky - 2mx +2pky =0
'. &E ¢ ¢ ¢ L

These equations Indicate that xp and Xp should be chosen so thab:

&t ky, tem, au /ou
(5'8‘? Fl(xp?=-<b+kxc+2ny =T %/ %

c
a+kyc+2mxc U /U
<5ﬁb? P“(b+1cxc+2nyc)=5§ Sy

Thus Fl(xp) = - p , the usual condition for equilibrium.

It will be useful later to note that the amount traded (from 5.b) will be:

dU(x_,¥y.) oU(x_,y. )
a+ky +2mx -p(b+ ke +2py) 2L o, B P
(6) xp = P D 2 p. . 9% oy

2(np2 - kp + m) 2(np2 - kp + m)
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Uncertainty: Regime I

Case A. Uncertainty in price

In the presence of uncertainty, we aésume the country desires to maximize
the expected value of utility, E(U) . If uncertainty resides only in the price
at which x exchanges for y in wdrld markets, and if the country must decide
in advance how much of each commodity to produce and how much x +o trade 5 the

expected utility fram (3) is:

(j) E(U) = a(x, - xg) + by, + Brg) + K(x - x5) (v, + Pxp)

+ m(.x:p - xE)g + n(y:p + E:E)e + nxg 2

no

where p is a random variable with expected value E(p) = p and variance o° .
Thus E(yc) =yc=yp+pr snd U-:\TcmeqP .

To make the comparison with the certainty case meaningful, we will assume

that 5 equals the known price in the certainty case.

Maximizing E(U) with respect to xP and X requires:

JE(U - -\ _
(8.a) -E&;l=a+kyc+2mxc+Fl(b+lucc+2nyc)_0

(6.5) a%;%)_g_(a+ﬁc+2mc)+§(b+mc+2n§c)+e%c§=o



which gives:

(9'5') F(X)-""-" < = -
17p b+ kx + 21y ox

a+ky +2m aU(xc, yc) BU(xc, yc)

— 2 LBU( Xo 3?c:) o 2]
a + kyc + 2 mxc -2 HXE Op ) aw T DXE GP
b+ kx, +2ny BU(xc, yc)
dy

(9.2) 3 =

From (9) it is clear that in this case p > - Fl(xp) so long a8 x, >0
(gince 2 g, ci is negative). In other words, the presence of price

uncertainty means that the country pilcks a point on the production locus
corresponding to lese production of x and more of y than in the certainty

case.

It can be seen that exports will be less in the uncertainty case than

in the certainty case by differentiating the system of equations {8) with

respect to 012) H 7

0
vll V12 dx
2
d.O'p
(10) =
L _ e W - -
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where

2 2 2
v.. = Z(EW) v, = o (E(U)) )V, = 0 (ggUn
BxPBxE ox,

From the concavity of E(U) we know that the determinant of [vid]

1s positive and V 1 < 0 . Hence, by applying Cramer's Rule,

1

|of

n

(11) gign ” sign (- EnXE) v

g

It

sign (an) <0 for x;>0.

Increases in price variance thus decrease exports; exports are therefore

less in the uncertain case than in the certain case.

Case B. Uncertainty in domestic production and in prices.

We will assume that decisliong are made on the exXpected production of
x and y and that actual ocutput of x and y differ from the expected by a

multiplicative random variable:

X X g E = 1, 02
p b (5
2
€

il

i
=

Y.

o F(Eb)'e e = 1, o

For simpliclity we will also asgsume that p , € and p are independently

distributed. In that case the expected utility from (3) is:

(12} EU) = alx, - xp) + 6y, + pxp) + k(x, - xp)(y, + Pxp)
+ m(x, - x) + n(y, * Bx)

-2 2 —2 2 2 2
+ ve o+ + x5 g
X n(yp ) Xg )
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Meximizing E(U) with respect to Eé and X requires:

JE(U) _ oU = = U — = -2 - 2
(13.a) J;—l = S G T+ E PG, ) s e i e (aFa?) - o
X |

JOE(U N~ - - U = = 2
(13.v) -3§£l = -5 (xc, Yc) +p Sy (Xc, Yc) + 20x, o = 0

If, for example, there is no uncertainty in the production of y the condition
may be written
- 2 - 2
2 g+ mx w
(nxgo + mx w") <
du(x,, 7.)
Oy

5 since m, n <0

(114-) -F :='_’E+

In this case then, production of x 1s unambiguously less in the presence

of uncertainty.

If, at the other extreme, there is uncertainty ln the production of y ,

but not in x the condltion can be written:

<1 >1

. - Fl _ = ) yy
P dU o U - 2
S

In this case the uncertainty in prices and in the production of y work
in opposite directions. If domestic production of y 1is relatively uncertain, it

will poy to produce more x  for expert in exchange for y than in the certai. .ty case.

In both cases, increasing the variance of prices of export goods

decreases the amount of the export goods produced and traded.
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Uncertainty: Regime II

An glternstive uncertalnty regime permits the country to select the
amount to be traded after the trading price is known, but
requires a production decision solely on information about the expected
value and variance of price. This case is much more complicated
anslytically than Regime I, for the amount traded, *p s becomes a random
variable related to the random variable p . As before, we require

maximization of E(U) . From (3), where both p and ¥, are random

variables:
(12)  B) = alx, - B(xg)] + Bly, * Bexg)]
+ kl;ypxp - ¥ E(xE) + %, E(pr) - E(pxg)]
+ mFxf} - 2% B(xg) + E(x5)] + nLy§ * 2y, Bpxg) + E(Pezég)]
Differentiating this with respect to xp s setting aExU = 0 and
P
manipulating:
a+ kiy + B(px }] +2mlx - B(x,)]
(13) F:L(x_p) = -( P P P “E )
A
OE(x5) OE(px,)
(a + ky +2mxp) _—Tx;_-(b-'-kx +2Ilyp)—'-3;5c~;
+ -
A

. [ ] _ au(;c: ?c)
where A = | b + kl?xp - E(xE)] +2n [;srP + E(pr)] = -
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The first part of the right hand side of equation (13) bears a
family resemblance to (5.a) and (9.a). Unfortunately it is not possible to
determine the sign of the second two parts unambiguously without having
specific informstion about the distribution of p , and wilthout specifying
values for the various perameters in the utility function. Trading decisions,
of course, are much simpler in this model. Since the price (and production)
is knawn at the time the trading decision is made, equation (L4.b) applies; “

the price is equated to the ratio of marginal utilities.

Model II g

The difficulties which attend regime II can be avoided if we can
write the utility funetion of the community or country in terms of a single

variable instead of two.

In the text we have argued that developing countries may have
particular interest in focusing on the implications of investment and
production decisions for net foreign exchange earnings. Alternatively,

a country might be concerned with the level of (and variance in) money income.

In order to preserve the notion of risk aversion we assume that the country's

2/ The model that follows is based on the ploneering work of Markowitz and
Tobin. See H. Markowitz, Portiolioc Selection, John Wiley & Sons, Inc.,
New York {1959), and James Tobin, 'Liquidity Preference as Behavior
Towards Risk," The Review of Economie Studies, No. 67, 1958.

See also Phoebus J. Dhrymes, "On the Theory of the Monopolistic
Multiproduct Firm Under Uncertainty,” Internstional Economic Review,
V(September 1964), 239-257, where an anslytically similar problem
is treated. ‘
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preferences with respect to relevant variables are represented by a utility

Tunction which takes the form:

(1k) C U=ax+ % n (x - 5)2

where =n represents actual net earnings, x represents expected net earnings,

and n <0 1is a measure of risk aversion, as before.

Equation (1k4) implies a gain in utility for increases in earninge but
a reduction in utility for "surprises” -- positive or negative deviations
in actual earnings from expected earnings. This form of a gquadratic utility
function has the advantage that it can provide for risk aversion without any
assumption concerning "diminishing marginal utility of income." It is
"surprises” which reduce the utility of gambling on risky ventures, not

asymmetries between the utility of gains and losses.

Net earnings are made up of gross earnings less costs. A "small"

country can consider world prices beyond its influence, so

(15) n=q'p - C(q)

where p 1s a vector of world prices, q 1is a vector of the countries’
production {gross) of the various commodities, and where C{q) represents

total costs, a function of production gq .

In order to simplify the analysis, and to make explicit the fact that the
Production and sale of some commodities involves the purchase of others, we

assume C{q) = q'Ap + Co(q) where A = {aij] represents the physical
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inputs of commodity J required for a unit output of conmodity i, =a,, =0,

ii
and where Co(q) = X coi(q) represents a component of costs independent of
i .

variations in p . With this assumption, (15) beccmes:

(16) %

a'p - g*Ap - C_(q)

i

a'(I-a)p - ¢ (a)

if

q'Bp - Co(q) where B = T-A

¢'B in (16)is the vector of net sales (or purchases) of comodities
which correspond to a decision to produce q . That is, a decision to produce
q; cen be regarded as a decision to operate a "process" which reguires for
net output of one unit of 9 inputs of aik units of each of the other
commodities. The "prices” of the "processes” q are Bp .

Uncertainty in net earnings may arise from a nugber of sources. First
let us consider the case where the only uncertainty resides in the prices at

vhich goods can be traded. We will return later to a more general formulation.

In that case:

(17) Var # = q'B @ B'q where Q = the covariance matrix of prices P

and B Q B' may be interpreted as the covariance matrix of the "prices”

for the "processes" corresponding to production decisions on the 4 -

Returning to (1k), we now wish to choose the outputs ¢q so as to

maximize expected utility:
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(18) E(u) = E(x)+%nE(n-§)2=§+%nVarﬂ
where ® = q'Bp - Co(q) and Var n is given by (17).

Maximization of (18) requires:

- 0 for q, >0
(29) 3q, tRBOBYas0; { <0 for gy =0

where (B Q B'), is the 1" rovof BoB' . Note that

8§=pr_aco
dq; ~ y ik k" 3qy

where X D,

: 1 Py can be regarded as the

th
rice of the 1 process = = -
P b i bii 1 » bik aik .
Thus condition (19) reduces to the usual profit maximizing condition that

the price of a process equal its marginal cost when O =0 .

If there are competitive markets and an equilibrium exchange rate s the
decisions of private entrepreneurs can be regarded as maximizing (18),

where n 1s set equal to np (indicating the degree of private risk aversion).

In that case taxes can be used to influence private decisions by affecting

costs.

(20) C(‘)(q) = Co(q) +t g  where

t 1is a vector of flat rate taxes per unit of ocutput. Taking texes into account,
profit meximizing private entrepreneurs will try to maximize

T - g + %— n Ver x , which will lead to the conditions

(21) g-g-- ti+nP(BaB’)iq§O

{0 for qi>0
i

<0 for qi=0
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We went to choose taxes (and subsidies) to gulde private decisions
toward the socially optimal composition of output. Choosing n in (19) to

indicate social risk aversion (ns) and utilizing (21) leads to

' - - - *
(22) t = (ns nP) BB ¢

where g* is the solution of (19). For B = I this gives the expression

in the text.

Uncertainty in net earnings can arise from & number of sources other
than uncertainty in world prices. g itself may be a random variable. In
that case, production decisions may be regarded as specifications of the
expected output of the various commodiﬁies. It is also possible to regard
Co(a) = 4 coi(ﬁi) a8 & random variasble reflecting fluctustions in costs

not éirectly related to fluectuations in prices or randomness in g .

Thus we can specify the following relationships, in vector

notation:

p=p+u  E(w) =0 Cov(u =8  Cov(u,e) =0
(23) ‘g=q+ ¢ E(e) = © Cov (¢) = ©

c,=c ¥n En) =0  Cov () =20

Cov (u,n) =0 Cov .q, €) =2
With these assumptions we can rewrite (17) é/:

(24) Var t = q' BQ B'q + p'B'® Bp

+5' 05 - 2 p'BZS

2/ This expression is an approximation which ignores higher order terms in the
computation of the variance of the product term.
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The first term on the right gives the contribution to the variance in
returns made by the variance of prices (B $ B' is the coveriance matrix for the
"prices” of the "processes" q ). The second term is the contribution of
the variance of output. The third term is the contribution of variance in
the co's and the last term the contribution due to the covariance of output

and the co's .



