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Optimal Export Diversification Models: A Theoretical

Framework for Thai Export Crops 1

Praipol Koomsup
Faculty of Economics
 Thammasat University

'I, Introduction

Over the period since 1950 export commodity diversifica~
tion has taken place in Thailand. As far as export crops are
concerned, rice, which has aiways dominated other crops in terms
of export and production, has over the period reduced its share
in total export earnings, Other export crops, e.g. COrm, cassava
and kenaf, have noticeably increased their shares in total earnings
from abroad., However, it is found that the relationship between
export diversification and instability in export earning in Thailand
is not as simple as it is generally expected to be.2 For instance,
while export commodity diversification is found tc help stabilize
export earnings in the 1951 - 1962 period, it ﬁas a destabilizing
effect on export earnings in the later period, In explaining this
perverse effect of export diversification we note that Thailand
has in recent years diversified its exports into some new and

relatively unstable agricultural crops, such as sugar and kenaf.

: 1 Thls ‘article is a modified version of chapter 5 in
the . author‘s PhiD, dlssertatlon (9).

2 See Koomsup (%), chapter 3, pp. 43-78
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It is, therefore eseful to exemlne the actual process of export
diversification, partlcularly dlver51f1cat10n in export crop produc-
tion. For example, we want to know if the crop mix that we observe
in the actual production of export crops can be explained by some
optimizing behaviors of producers. Specifically, we want to find
out to what extent the concept of risk aversion can be used to
explain the way in which farmers diversify their export crops.

in a policy—reieted issue, it is generally believed that the rice
premium is one of the factors whichk encourage diversification in
export production by making rice pxoguction less attractive., We
hope to be able to ascertain the effects that the rice premium has

on the agricultural export preduction pattern in Thailand.

In order to accomplish the tasks stated above, we will
develop in thls article a theoretlcal framework 1n whlch we can
determine 1£ a certaln export crop mix is optlmal This will also
enable us to examine how the rice premlum“has affecfed.;he pattern
of crop production,:particularly the productibn of ricelin Thailand.
The concept used here is that of the maxlmlzatlon of an utility
function which incorporates a notion of risk aver51on, and an
assumption of food self—sufficiency requirement is also included
in one of the models. In addition, we will take into account not
only instability in earnings, but we will con51der the expected
value of earnings in the analysis as weil., Some mOtivat%qns, coné
cepts, objectives, and assumptions of the framework?ﬁi&fiﬂe;his-i

cussed, then the theoretical models will be presenied;v



II. Motivations and concepts

In this section we will discuss the motivations of the
models developed later in section IV, Most of the concepts dis-

cussed below will eventually be incorporated in the models.

(1) We will limit our analysis to only agricultural
export., The first reason why we do so is that they are the most
important category of exports in Thailand in terms of both the
percentage in total export earnings and the effect on the economy
as a whole. The secon& reason is that agricultural export are
usually regarded as being notoriously unstable since income from
W them depends heavily on the vagaries of weather conditions and,
for some, on the ups and downs of economic conditions in the ine
dustrial nations which import them, These are mainly reflected
in changes in their yields and prices which are, in most cases,
relatively more volatile than those of industrial goods. Since
the production of these agricultural exports depends heavily on
the amount of land available, the analysis essentially amounts to
the problem of optimal land allocation among different export

crops.,

(2) While the use of 'gross" earnings may be sufficient
for the analysis of the impact of exports on various NaCToeconomic
variables, such as income and government revenue, what is more

relevant to the use of domestic resources (e.g. land, labor) should



be "net" export earnings. Net earnings are defined as the excess
of gross earnings over total domestic resource costs and any costs
of imports used in export production.'3 'Fér inStance;.if we
believe, as we assume in this study, that land is a scarce factor,
_;hese net earnings at a farm level can be represented by net returns
on thQ land used in crop production., Alternatively, if we are
interested in the farmers' managerial and entrepreneurial effort

in organizing and hiring the facfors of production in order to
produce export crops, then these net earnings are the farmers'
profit, Thé use of net earnings is more satisfactory since it

takes into account the costs of producing exports, while the concept
of gross earnings ignores them. For instance, a high~priced crop
may involve high production costs, and may be considered worthwhile
pfdduciﬁg if its gross export earnings are useq_as.a cr;terion.

ﬁht compared with bther cheaper crops, it may become less profit-
able infthe sense that its net export earnings are relatively less,
Hehce, using gross earnings to select crops for export could

possibly be misleading,

(3) It is more appropriate to in¢lude in our analysis
the expected value of returns on each export group as well as in-
stability in the returns; In may be reasonable to produce crops
with fluctuating returns if their expected values of returns are

high enough to compensate for the risks involved. We have mentioned,

This approach is similar to the concept of domestic re-
source costs, except that no comparison between the domestic resource
cost ratio and the accounting or shadow-price exchange rate is con=~
sidered here., For the concept of domestic resource costs, see
Bruno (4). '



for example, that the Thai agriculture has diversified towards some
new crops which exhibit relatively more uncertainty in gross (and
perhaps net) export earnings. This may be entirely rational if
expected earnings from these crops are high enough to induce the
farmers to grow them,. Therefore, both the mean (as a measure of
expectation) and variance (as a measure of instability) of income
may be important in the decision on the choice of crops grown, This
indeed is the essence of the mean-variance analysis which will be

used in this study.

(4) A concern over instability generally implies some
degree of risk aversion, If no aversion is assumed, any fluctua=-
tions in income can be ignored. Recent studies on agricultural
production, particularly in LDC*s, have paid more attention to

the role of risk and have found it to be rather significant. 4

. Thus, it is more realistic to assume the maximization

of utility that depends on a kind of returns, such as profit,

4 .
A number of articles have been written on the importance

of risk in agricultural production, both for developed and less
developed countries. One of the pioneers in this field is Freund
(7). The most recent works on risk in less developed agriculture
axe by Wiens (13), and Wolgin (14). Behrman in this study on the
supply response of four annual crops in Thailand (2) also finds
the farmers' response to Tisk to be significant. |



rather than assuming, as the the basic theory of the firm, the
maximization of profit itself, since it is possible to introduce
the concept of risk aversion in the first type of maximization,

but not in the second ong.

A distinction should be made between social and private
risk aversion., In the real world the degrees of both types of
risk aversion with regard to agricultural export production, parti-
cularly in LBC's, may differ considerably forrséveral TEasons,
Brainard and Cooper argue that private producers tend to underes--
timate the costs of risks because they consider only the risks
incurred by themselves, and not those by others, For instance,
variations in ?ncomes of other groups in the economy represent
social costs and yet are ignored by private producers. Fluctua-
tions in government revenues and the economy's importing capacity
caused by unstable export proceeds are not taken into account by
the export producers in making their own production decisions.
Therefore, the degree of private risk avéfsion tends to be less
than that of social risk aversion, As a result, left almne, the
individual producers' decision to produce or invest will tend to

exhibit a greater degree of riskiness than what is socially optimal.

But it may be argued, on the other hand, that there are
some risk costs borne by the individual producers, and yet ignored
by the society as a whole. This is found'particulafly in most

underdeveloped agricultural economies. The farmers in these

Brainard and Cooper (3), pp. 274~75



economies must sometimes put the goal of food self-sufficiency

as their first priority in making their decisions on the pattern
of production. The result in Behrman (5) seems to support the
hypothesis “that Thai farmers first plant enough area in rice to
insure subsistence for their families, and then allocate the
remainder of their land among saleable crops. 6 The evidence
supporting this hypothesis is found to be stronger in the rela-
tivelf less commercialized areas, This seemingly traditional
behavior may sfem from the fact that the internal market for and
distribution of agricultural products are not developed well -
enough to induce the farmers to produce cash crops in exchange

for other goods, as well as for rice in the cases where not enough\
rice is grown for on-farm consumption. Therefore, if insufficient
food crops are grown, a bad harvest and/or low prices for cash
crops could bring disastrous results in the form of starvation,

or heavy indebtedness, or a lo:s of control on l:ad, or a combina-
tion of these, In the countries where any form of social security
assistance does not exist, the costs of these risks are not met
by the societies. Moreover, when income from food crops is more
stable than that from cash crops, the producer$' decision to grow
more food than what is socially optimal may reflect the degree of

private risk aversion to income instability which is higher than

6 Behrman (2), pp. 309-11



that of 5ocia1 fisk aversion, Here, the préduction or investment
by the individual producers will entail a less degree of riski=-
ness than what is considered optimal from the social point of
view, Therefore, it is not clear a priori how the degrees of
private and social risk aversion in the production of agricultural

exports in LDC's would differ,

(5) Given the difference in the degrees of private and
social risk aversion, it is likely that what is socially optimal
diversification in export crops does not necessarily coincide with
what is comsidered privately optimal. There are also other reasons

why the two kinds of optimal diversification may differ :

(i) The individual producers may not be able to diver-
sify their production to the desired extent. This may be caused
by imperfect capital market which is commdh in most LDC's, or by

" inadequate facilities, e.g. storage facilities and water,

(ii} Due t§ the laék of information on the costs anﬂ
returns of différent crops, the opportunity for diversification
perceived by the individual producers could be different from
what is seen by.the govermment, This argument assumes that the
government possesses more accurate information than the producers,
though, in fact, this is not necessarily the case, Indeed, it may
be true that the individual farmers can obtain more and more
accurate information on prices and costs from'middlemen and merchants

than government officials do.



(iii) The society and the producers may be maximizing
. their utility functions which depend on entirely different vari-
ables, It may be reasonable to assume an utility maximization
which emsures self-sufficiency in food, both at the national and
individual farm levels, Then net income from the sale of the
surplus of food crops and the output of cash crops, will determine
thé level of utility, both social and private. While the govern-
ment, acting on behalf of the society, is concerned with net
foreign exchange earnings, the producers' utility depends on net
farm income which differs from net foreign eichange earnings if

part of the marketed surplus are soid domestically.

(iv) Taxation can affect private risk-taking in some
ways, For instance, when there is no tax offset for losses, taxa-
tion on profits creates a bias against risky productioﬁ. On the
other hand, if the government tends to subsidize some risky crops
when income from them declines as a result of a bad harvest or
low world prices, there is an incentive for the producers to take

more risks than when no subsidy exists,

The difference between the degree of social risk aversion
and that of private risk aversion and the other reasons above may

be viewed as domestic distortions, similar to the cases of rigid

7 For this point, see Corden (5), pp. 320-21,



10

wages, immobility of labor, and other forms of distortions. Then
the first-best solution should be the use of policy measures that
are directed towards the sources of the distortions. For instance,
if lack of information is the cause of distortion, the best policy
is for the government to disseminate to the farmers more informa-
tion on prices and prospects of the crops to be grown. If the
producers cannot diversify their crops simply because they cannot
borrow mbney at a reasonable interest rate, then the best way is
to provide more credit to them, However, some of the causes of
distortions cannot be eliminated by first-best policies because

of iack of expertise and administrative capacity on the part of
the government. In most LDC's, the only option left for the
government is some fiscal measures, which in most cases are the

second= or third-best solutions.

Though some kind of government intervention may be
needed to bring. socially optimal diversification and
privately optimal diversification together, 8 it is not at all

clear that the intervention should be pro-or anti-risk. Lack

8 It should be noted here that Corden concludes that -

the degree of risk-taking by the producers is socially optimal,

He argues that the costs associated with the means of risk reduc-
tion (e.g. issuing shares in the stock market; and insurance) are
practically too high that it will be socially optimal to let private
risk aversion determine production, Later he introduces some
qualifications which seem to nuliify his earlier conclusion. See
Corden (5), pp. 319-22,
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of information by the producers, for instance, could cause them
to either overestimate or undcrestimate the risk: associated with
some crop patterns, thus could call for either pro- or anti-risk

intervention by the government.

(6) There are several policy instruments which could_-
be used to influence the private decisions on diversification in
export production. The exampies are various kinds.of taxation,
subsidies, price supports, pioduction quotas, and other quanti-
tative controls, But perhaps the mosf wideiy used instrument in
"LDC's seéms to be export taxes. What makes export téxes a popular
policy instrument is the fact tﬁat they involve relatively low
collection costs due to thc existence of a few and rather homo-
geneous export products and sometimes a few main producers.9 It
must be emphasized here that in general the primary goal of export
taxes is not so much to influence producticn patterns as to create
government revenue, This is also true in Thailand where the tax
on‘rice exports-- the rice premium-- was at first designed to
siphon some of thé profits from rice exporters just after the end
of the second World War. Later through the years the rice premium,
together with other instruments, such as export quotas and rice
reserve requirement, has been used by the government, more towards
the goal of keeping down domestic rice pfices and, consequently,
the general cost of living, and of ensuring sufficient domestic

supply of rice. All these create a wedge between

9 Corden (5), p. 66.
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- the world prices and the domestic prices of rice, and also affect
both the means and variances of the prices received by rice farmers,
Thus, intentionally or not, the rice premium and other policies on
rice exports are likely to have some effects on agricultural diver-
sification in Thailand. It is debatable as to what and how much
influence these policies have had on crop diversification in the
last two decades. Most agree that since the rice premium depfesses
the farm prices of rice, the Thai farmers would find other crops

. 10
such as corn, cassava, and kenaf more attractive to grow. How-

ever, when the‘"risk" effect of thé policies is included, it is
possible that the rice premium may have stabilized the farm prices
of and income from rice, and thus may have encouraged more rice
growing, 11 Moreover, the policies may have made income from
rice less highly correlated with income from 6ther crops, and
thus have made rice growing a good choice for hedging against
uncertaihty'in prices and yields, The question of how signifi-
cant the risk effect of the rice premium on crop diversification

has been will hopefully be partially answered in this article, at

least at the theoretical level.

10 pehrman (2), p. 312, and Sileock (i1), p. 214.

1 The risk effect is also mentioned by Behrman, but he

ignores the interaction of risk responses for different crops, i.ec.
no covariances among prices of and income from various crops are
considered.
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111, Objectives

The objectives of the export diversification models

developed in this article are as follows :

{1) As we discuss in the last section, it is more
appropriate to include both the expected values of returns and
some méasures of riskiness in the analysis 8t instability and
diversification of exports. Thus, given the means and variances
of net income from most export crops in Thailand, we would like
to derive various alternatives of "efficient" land allocation
among these crops. They are efficient in the sense that, given
all possible values of expected total returns, their variances
representing the degree of riskiness are at their minima. These
efficient combinations of crop production are represented by an
"efficiency frontier', the concept of which will be discussed

later in detail.

* (2) We want to assess how much the mean-variance
analysis which incorporates the notion of fisk aversion can
explain changes in the pattern of agricultural export production
in Thailand in various regions. To be specific, we want to see
how closely the actual crop mixes in different regions corres-
pond with those represented by the optimal points onﬂthﬁlgffi-

ciency frontiers.
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{3) Since, as mentioned in the previous séction; tﬁe
government rice policies which include the use of the rice premium
are believed to have some influence on the prices received by rice
farmers, we want to find out how the rice policies have affected
agricultufal export diversification, Specifically, we want to
know how the policies, particularly the use of the rice premium,
have changed both the means and variances of the farm prices of
rice, and how these changes have intereacted with those in the
prices of other crops,kand consequently affected the pattern of
export crop production; We should also be able to determine the

effect of the rice policies on the farmers' welfare,

(4) Finally, our analysis should add to the process of
agricultural planning in Thailand another dimension which has so
far been neglected., That is, it provides a framework in which
uncertainty in prices and yields of export crops can be taken
inte account in the policies concerning export diversification,

. Thus, given some future forecast on the means and variances of
incomg‘from various export crops, we will be able to provide some
policy guidelinés with respect to the optimal diversification in

agricultural export production.

IV. Optimal export diversification models

IV.l. Model I

Assumptions :

(1) The utility to be maximized by the producers of
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export crops and by the government, acting on behalf of the
society, depends on net returns from export crops. The quadratic
form of utility function will allow expected utility to depend on
the level of expected net returns as well as the varience of net

returns,

(2) Agricultural production is assumed to have constant
input-output coefficients. The only exception is for land input
where crop yields are allowed to fluctuate. Yet this is not re-

flected in the input-ocutput matrix, but in gross revenue.

(3) The amount of arable land is given and every acre
of it can produce all crops in question. This assumption should
be changed somewhat in empirical work because it is clear that

each acre is actually suitable for only some and .not all crops.

{4) The country's share of world market in each crop
is not great enough for it to influence world prices simply by
imposing export taxes or subsidies or any other trade barriers.
Hence the domestic price of an export crop equals its world price
minus (plus) the specific export tax rate (subsidy rate) on it.

All marketing marketing margins are ignored, and domestic prices

12 Allowing all input-output coefficients to fluctuate

would make the computation very difficult, if not impossible, to
solve, In any case, the assumption of constant input-output coef-
ficients (except yields) seems technologically realistic in most

underdeveloped agriculture.
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are the same as those received by the producers. Taxes and other
trade policy instruments, therefore, affect both the means and
variances of domestic prices. Empirically, the marketing margins

should be included to reflect reality as much as possible.

(5) The existence of risks is mainly reflected in
fluctuations in crop yields and farm prices. Fluctuations in
both can be represented by a variance-covariance matrix of total
net returns. The prices of inputs are assumed to be constant.13
To distinguish between private and social costs, input prices
should be represented by the shadow prices of inputs for social

utility maximization, and by the market prices for private utility

maximization,

Symbols : The symbols used in podel I are defined as

follows :
Let X = the level of activity of crop:i.
A unit level of activity could be
defined as being equivalent to a
unit of land or a certain amount
of revenue. i = 1, 2,.‘-......‘..,11.
13

Though the assumption of constant input prices may
appear too restrictive, fluctuations in them are generally consi=-
. derably less than those in crop prices, and thus for all practical

prrposes they are assumed constant,



aij -

it

17

the net returns at a unit level of
activity of crop i for the society

and the producers respectively.

the total net returns for the society

and the producers respectively.
the world price of crop i.
the domestic price of crop i.

the shadow price of input j;

j = 1:21 sosvasanssyllis

»

the market price of input i;

i = 1, 2.'.-.-..-‘...‘.'.,111.

the output of crop i per unit level

of activity.

the amount of input j needed to
produce output i at a unit level of

activity.

the given amount of input j available;

let T, be total land input available,

1

the degree of social risk aversion, b Lo

*
the degree of private risk aversion, b <;0
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Let the following vectors and matrices be defined as
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4 | A
% A

the expected values of AL ' net

b
-
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]
QO

AN
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returns at a unit level of activity of
crop i for the society and the producers

respectively.

;E:g , =P = the variance = covariance matrices of

£ and £ respeciively.

Model proper

The net returns are defined as the gross revenue minus

all input costs. Hence

£ = Yp - Aw and f£ = Ypd - Av,

The total net returns are the sum of the net returns

“from all crops grown, Hence
B8 = (£ x and BP = () x,

And the expected values and variances of the total net

retims for the society and the producers are:
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Ee® = (B x ad e = (BD) X
ved) = X = gx and VEH = % T

To allow for risk-averse behaviors, let the utility

functions for both the society and the producers be respectively:14

| ' 2
uf = B8 % [Bg - @Y :] |
and P = gP & % [BP - E@P) ]2
14

This form of quadratic utility function is used in
Brainard and Cooper (3) in their appendix. It can be justified
as an approximately correct way of looking at the returns on some
particular investment since the mean value of returns measures the
amount we would normally expect to obtain in the long run, while
the variance indicates how risky the investment is, One theore-
tical objection to the kind of quadratic utility function is that
it implies increasing absolute risk aversion. This property leads
to a rather unlikely conclusion that the demand for risky assets
decreases with income or wealth, For this criticism, see Arrow
(1), pp. 35-36

An alternative to the Brainard-Cooper.approach is a combi-
nation of an exponential utility-of-income”function and the assump-
tion of normally distributed returns. This approach, which is used
in Freund (7) and Weins (13), leads eventually to an objective func-
tion which is equivalent to the expected utility function above.
Though the exponential form exhibits constant, instead of increasing
absolute risk aversion encountered in the first approach, the assump~
tion of a normal distribution of returns may be unrealistic. A normal
distribution tails off to infinity on both plus and minus sides, while
infinite gains and losses are nonexistent in the real world, But for
all practical purposes, the criticisms on both appfoaches'are not
seriously damaging and can generally be overlooked,
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Taking expectation:

EU®) = (MB x %’5 é By srerrersasereana(l)
! o,
and E(P) = (/up)x + %’35 épx PPN 3 |

Thus, as equations (1) and (2) show, expected utility
depends not only on mean income, but also on the variance of
income which indicates the degree of riskiness, Here the govern-
ment and the individual producers will maximize the expected uti-
lity functions in equations (1) and Eé] respectively, sﬁbject to

the same input constraints:
AX <7
and X > ' 0

In the simple case where all marketing margins are ignored
and the difference between the shadow and market prices of inputs
areassumed away, without any kind of government intervention, there
is no difference between the world prices and the domestic prices
and A/8 = AP 4pq §5 & = f%ﬂ P | Both the government and
the producers will mavirnize the zame froction, excepf only for the

15

*
difference in the degrees of risk aversion, b and b ,”~ As discussed

15 If the social and prigate costs of production are

different due to the difference between the shadow. and market
prices of inputs, then we have another reason to believe that

the socially optimal diversification and the privately optimal
one are not likely to be same. The means and variance-covariance
matrices in equations {1} and (2) will have different values in

this case,
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in the previcus section, it is not a priovd certain that b is
greater or less than b*n If the costs of risks are undefeStimated
by the producers, as argued by Brainard and Cooper, i.e. b*:>’b,
thénrfhey will be 1iké1y to produce moie of the high~risk crops
and less of the low-risk crops than what are consiered socially
optimal., In this case some anti-risk government intervention may
be needed. For instance, taxes can be impcsed on the export or on
the production of ths high-risk crops to discoufage their produc-
tion and encourage more production of the low-risk crops. Subsi-
dization on the export or on the pro-uction of the low-risk crops
will have similar ef”e:tsn16 On the other hand, if the producers
_ #
overestimatc the costs of risks, i.¢. b« b, the crcp mix grown
will be biased towards more of the low-riskccrops than in the
socially optimal mix. This may cail for some pro-risk government

. 17
measures, e.g. export taxes on the lcw-risk crops.

16 e fiscal measures which bring private diversifica-

tion towards being secially optirmal can in fact be any kind of
taxes {or subsidies) which affects the rioducers' decision to grow,
In this study we will concentrate on export taxes (or subsidies)
because, as noted before, they are most widely used by LDC's where
income taxes and excise texes in the agricultural sector are much
more difficult to adrinister. However, it should be recognized
that export taxes (or subsidies) may creat additicnal trade dis-
tortions. See H.G. Johnson (&),

17 It should be noted that the effects of export taxes

on production are not uvnarbisuous when the taxes change both the
means and varicnces of prices of the taxed crops, and consequently

those of the tocnl revanue, sach as the cass of the rice premium

in Thailand. Scae discussion on this will be made later in section V.
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Both situations are depicted in figures 1 and 2, where
efficiency frontiérs and indifference curfes are drawn, An effi-
ciency frontier représents the combinations of production of export
crops which minimize the standard deviations of net returns for all
possible values of their mean. In a twWo-CTOp Ccase, the efficiency
frontier is represented by a curve whose shape depends on the
degree of correlation between the returns from the two crops, If
the returns are perfectly and positively correlated, the frontier
is a straight line connecting the two points each of which repre-
sents complete specialization in one crop, If they are perfectly
negatively correlated, the frontier is represented by two straight-
line segments connecting the two pqints with a common point on the
axis representing the expected value of total returns. For an
intermediate degree of correlation, the frontier looks like curves

1 L) 1
8151 » 5282 R D1D1 and D202

= in figures 1 and 2. In a case where
more than two crops are involved, the frontier is an "envelope"
curve representing the boundary of the region which contains all
possible production combinations., Its shape is also similar to
those of the efficiency frontiers in figures 1 and‘é. For a risk-
averse person, the‘relevant portion of the efficiency frontier is
where its slope is positive, since a negative slope would mean
that higher risk is accociated with lower expected réturns-- a

choice more attractive to a risk lover. Thus we will consider

only the positive slope portion of the efficiency frontier. This
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portion generally shows that higher expected returns are possible

only through increasing risk at an increasing rate.ls

A family of indifference curves is derived from the
quadratic expected utility function used in this study, The slope
of an indifference curve is dE/d& = b6 » where E is the expected
returns, 6§ is the standard deviation of returns, and b is the
~ degree of risk aversion. The positive slope indicates risk aver-
~sion in the sense that more risk (i.e. higher standard deviation

of income) will be taken only if expected returns are higher.
The increase of the slope as 6 is greater shows the increasing
rate of change in expected returns necessary for compensatiag for

increasing risk.

An efficiency frontier can be derived by maximizing the
same functions as those in equations (1) and (2), where b/2 = -1,
for all possible values of mean net returns and with the same

input cdnstraints. It foliows then that finding the highest

18 The concept of efficiency frontier is developed by

Tobin (12), pp. 65-86. For the discussion of the shape and meaning
of the efficiency frontier in the context of export production,
see Brainard and Cooper (3), pp. 266-268,
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Expected Total
- Net Returns Ug

Standard Devxation of Total
Net Returms
Flgure 1 1 Underestimation of Seecial Risk Costs

by Producers, Model T,

Expected Total
Net Rgturns

‘Standard Deviation of Total
Net Returns
Plgure ; .1+ Overestimation of Social Risk Costs
by Producers, Model I.
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indifference curve which touches the efficiency frontier is equi-
valent to the maximization of the expected utility functions in

equations (1) and {2) with the input constraints.

In figures 1 and 2, thé Vex;icél axis represents the
expected value of total net returns, while the horizontal axis
represents the standard deviation of_total‘net returns. Siél and
Szézarevthe efficiency frontiers‘when there is no government inter-
vention, and Dlﬁl and 8262 are the efficiency frontiers when domestic
prices differ from world prices due to government intervention, such
as export taxes or subsidies, In the case where the social costs
of risks are underestimated_by the individual producers (i.e.bf:>b),
and without government interﬁention, they:ma} decide to produce at

u
point B in figure 1 where indifference curve Ug touches efficiency
frontigr Slél and where their expected utility is maximized, Where-
as a higher degree of social risk aversion (i.e. the slope of social
indifference curve Ug is higher than that of priwvate indifference
curve UE ) may indicafe a sccially optimal product mix at point C
which is less risky than pont B. If the government policy is to
gear the production towards the socially optimal diversification,
it may use its tqols, such as export. taxes or subsidies, to create
a new efficiency frontier, such as curve Plﬁl » on which the

producers will produce the same mix as the represented by point

C and at the same time maximize their expected utility within the
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constraints of government intervention. For instance, the imposi-

tion of taxes on the export of risky crops may shift the efficiency

1
point A which represents the same product mix as point C. The new

1 1
frontier from S S1 to D1D1 and cause the new production to be at

maximum ekpected'utility of the producers is likely to be less than
the old one, while the expected sociél utility is at its maximm,
The case where the social costs of risk are overestimated by the
pfoducers (i.e. b*'<f b) is depicted in figure 2, Here, without
taxes the socially optimal product mix at point C' is riskier

than the privately optimal one at point B', The government may
impose export taxes on the low-risk crops, thus encouraging more
production of the high-risk crops at point A' on Dzﬁi . Points

A' and C' will represent the same crop mix, thus ensuring the
simultaneous maximization of both social and private expected

utility.

IV.2, Model I1I

Assgggtions:

In this model, a distinction has to be made between
food crop and cash crops. The former are those that are producéd
mainly for consumption by the farmers themselves. The output of
food crops above and beyond‘the amount reqﬁired for this consump~
tion is marketed., A good example of food crops is rice in Thai-

land. On the other hand, cash crops are those that are produced
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mainly for sale. None or very little of the cash crops will be
consumed by the farmers themselves or by the non~farm population
in the economy. DMost of the output of cash crops, such as corn,
kenaf, and cassava in Thailand is sold abroad. Therefore; it is
important to note that while marketed surplus and total domestic
“supply are not the same for food crops, there is practically no

difference between the two in the case of cash crops.

All assumptions in model I are applicable in model II,
except for the assumption on utility functions. As we discuss
above in section II, it is found that in a food surplus country
such as Thailand, most farmers would allocate land and other
factors of production inlsuch a way that self-sufficiency in
staple crops (i.e. rice in the Thai case) is ensured before they
decide on the production of cash crops. On the national level,
the government's goal is in most cases to be self-sufficient in
food crops before any exports are allowed, It may be politically
suicidal for the government in a country like Thailand to let
exports of staple fond crops, such as rice;lcause very large
increases in their domestic prices and/or shortages of domestic
supplies. In fact, most governments in Asia, for political as
well as economic reasons, usually set their goals of making their
countries self-sufficient in food, particularly staple food crops

such as rice and wheat, However, the degree of success in this
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regard varies from country to country, depending mainly on the
relationship between the available resources and the size of the
populations, Therefore, it. is realistic to incorporate the idea
of food self-sufficiency in model II. Specifically, it is assumed
that the government,acting on behalf of the society as a whole,
will ensure domestic self-sufficiency in food crops before they
can be exported. The individual producers, on the other hand,
will try to produce enough food for themselves before production

of other crops is decided upon,

Furthermore, as discussed in section II, it is reason-
able to assume that, after ensuring domestic sufficiency in food,
foreign exchange earnings, while the producers' utility depends
on their net farm income, after they grow enough food for on-
farm consumption, Net foreign eXchange earnings will'&iffer from
net fﬁrm income if thafé is non~farm domestic consumption of some

CTOPS.

Symbols : In addition to the symbols used in model 1,

some new symbols are introduced here:

the total net foreign exchange earnings.

-]
[}

S = the total net farm income,

o
L]

" the fixed amount of food crop i required for

on-farm consumption; i = 1, 2;.e4 g; g <7 n



{=1]

&
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the fixed amount of food crop i required for

non-farm domestic consumption; i =1, 2,...

‘saney g5 g < n,

the level of activity for food"crop i

designated for on-farm consumption; i = 1,2

“eensy B3 g< n,

the level of activity for fSOd crop i as a
marketed farm surplus; 1 = 1, Z,ee00e,8;
g<_n

the level of activity for food crop i
designéted for total (i.e.‘dn;férﬁ and non-

farm) domestic consumption; i = 1,2,veeeess

ees 83 B < M.

the level of activity for foed crop i to be

exported; i = 1, 2,i000ey 85 Z (tn.

xg+l . Xg+25,..;s...;......xn are defined as in model I,

For a food crop, therefore, the total level of activity

can be divided in two ways. First, it is consisted of the level

of activity for export and that for total domestic consumption,

ice.

+ XI - 1.5 1, 2,00vvedsseeey B
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Secondly, it can be divided into the level of activity

for marketed farm surplus and that for on-farm consumption, i,e.

S F .
xi = Xi + Xi T = 1, 2, .iniioi.lo-f, g
Therefore, xi = xg + xg = Xi + xg
i = 1, 2,..-_..-...-...-.,3

And, if part of the output is consumed by the non-farm
sector, then Xg is greater than xi s+ and XE must be less than
X?. Therefore, because net foreign exchange earnings from food
exports depend on XE and net farm income depends on X? R the two

are not the same, There is no distinction between XE and Xs in

the case of cash crops, since by definition their- XF = XC = 0,
In fact, for the cash crops, we have
E .
Xi = Xi = xsi ' 1T = 8+1’oo.il'.¢l'idoon,n
r ) i )
E
Let XI X?
E S
x2 X2
1 B 2 5
X X Xt = X
- g g
Xgel : xg+1
xn xn
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Model proper:

The total net export earnings and the total net farm
income are respectively the sums of the net earnings and the net

farm income from all crops:

i

R &' x

2

.- B '
and 5 (P31 X

L]

where £& and fp are defined in model 1.

The expected values and variances of total net export

earnings and total net farm income are respectively:

1

n
~

T
-
E

(0.5 x E(S)
1t g 1
() EX v(s)

E (R)

n

vV (R}

I
~
e
1Y
U—
M
n
5¢
[\ %]

Again, incorporating the concept of risk aversion in
the utility function for both the society and the individual

producers, we have the following utility functions:

¥ = rR+2[R-E®]% and

b
3
W o= s+ '-;f[s - B(sy | 2

Taking expectation on both functions, we have:

Be®) = (0B e Doy E&LLLo

B = (uP)r x% 4 2

14
2
b 2

i’ (x ), g Px...l-.O.Illt(4)



33

In this model the government and the producers will
maximize their expected utility functions in equations {3) and
{4) respectively,

Because of the way we define variables Xl and 22 in the

utiiity functions in this model, the input constraints for the
social and private maximization of expected utility are not the
same, If we define the unit of activity level as a unit of land
area, then the amounts of land allocated to the food crops intened
" for on-farm consumption and for total ddmestic consumption are

respectively:
X. = 31151 and
Xy = ail(E‘i + D))
Where asy is the amount of land needed to prﬁduce a
unit of food crop i, and i = 1, 2,......;.,3

For the social maximization of expected utility, the

constraints are:

I S
= g WF
T, . ¥ a, (B +D.)
1" i=1 341 @
: Z. + b
Tm F, %1 %52 (G 0y
. i=] .
*
where T = y *
- & 7]
Tom = 231 34p (& * Dy
i=1
-
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That is, the constraints in the case are different from
those in model I in that the inputs left for expected utility
maximization are those in excess of the inputs allocated for

production of food crops which ensures national self-suffieiency

in fOQdo
For the individual producers, the constraints are:
) * &
G = T
T § C
- a_ .
1 =1 i1 ~i
g
T = 35 85, 61
i=1
** -* L]
where T = * *
g , "
T~ 351 %0 &
i=1

e

The input constraints for the producers are those above
and beyond what have been allocated for production of the food

crops to be consumed on the farm.

Like model I, even though there is not government inter-
vention of any kind, both the society and the producers do not
maximize the same expected utility function. But unlike model I,

in the simple case where there is no difference between the shadow
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and market prices of inputs and all marketing margins are ignored,
fhe source of difference is not only in the degrees of social and
private risk aversion, but also in the means and variances of net
export earnings and net farm income, even though domestic prices
are the same as world prices. This, again, is because of the

difference between Xl and Xz.

Therefore, even though we know exacﬁly how b and b*

'differ, it is not certain that the producers' optimal crop mix
will represent production with more or leés risk than what is
socially optimal, It all depends on the interaction between the
differing degrees of risk aversion and the difference in the means
and variances of R and S. If the producers end up produce more
(less) of the high-risk crops than what is socially optimal, as
defined by the maximum of expected social utility in equation (3),
the government may use some anti-risk (pro-risk) policies, éuch

as export taxes on the high-risk (low-risk) crops.

The two situations are graphically shown in figures
3a , 3b,, 4a , and 4b, Curve II' in figures 3a and 4a is the
efficiency frontier representing all crop mixes which minimize
the standard deyiations of net export earning;mfoanll é;;;isie
values of their means, -While éurves WW' and LL' in figures 3b

and 4b are the efficiency frontiers derived from net farm income

without and with government intervention respectively, v# and
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P are the social and ?rivate indifference curves repectively.
Fugures 3a and 3b depict the situation where the producers,
without government intervention, produce a crop mix represented
by point A in figure 3b which is equivalent to peint B in figure
Sa.19 Sihee point C represents the socially optimal crop
diversification, the production in this case exhibits higher

risk than socially desirable. The government may step in by
imposing some taxes on the high-risk crops, thus moving curve WW'
to curve LL' and ¢ausing the new production at point D to coincide
with that at point C. By taxation, the social expected utility

is at its maximum, while the new maximum private expected utility
(U?) is likely to be lower than the previous one (Ug). It is,
howeﬁer, possible that Ug is higher than Ug. The opposite case is
shown iﬁ figures 4a and 4b where the producers choose a crop mix
at point A and equivalently at point B which involves less risk
than what is socially optimal at point C., Taxes on the export

of low=risk ciops will create a new efficiency f;ontier (LL') and
a new production point D which is equivalent to point C in the

sense that they represent the same crop mix. Here, taxes are

19 For the sake of simplicity, point B is shown to be

on efficiency frontier II, However, it is conceivable, and perhaps
likely, that it is off the frontier.
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used to encourage more risk-taking and to bring about the simul-

taneous maximization of private and social expected utility.

'V. The effects of export taxes on.optimal crop diversification.20

We have seen in section IV that export taxes are one
of the tools which can theoretically be used to bring the social
and private optimal diversification together., But it can be
demostrated that export taxation on any crop will lead to an
ambiguous result on the optimal pattern of crop diversification.
In this section, by using a simple theoretical framework, we will
specifically show that it is not at all clear how crop diversifi-
cation is affected by an export tax on a food crop. An export
tax on a food crop is intentionally chosen for the analysis so
that we can defermine how the rice premium could conceptually

influence the pattern of export crop diversification in Thailand,

To simplify, let us suppose that there are two kinds
of crops to be grown on 3 fixed area of land : a food crop which
can either be sold or consumed by a producer and a cash crop which

can only be marketed. A proportion of land in growing the food

20 Most of the theoretical concepts and conclusions in

this section are similar to those in the model by Nowshirvani (10),
though our approach is slightly different and our purpose is nar-

rower in scope.
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crop is denoted by "a", Since the goal of self-sufficiency is
important in the producer's decision in most underdeveloped agri-
culture, we signify F as a certain fixed amount of food required
for on-farm consumption., The production of the food crop beyond

F will be a markefedhgﬁfplus; Uncertainty is assumed to occur
only in the prices and yields of both crops, and their variations
are independently distributed. For the sake of simplicity, the
costs of production are ignored here, so that we do not distinguish

between the net and gross income.

Let I = the cash income,

If, Ic = the ¢ash income from the aale of the
food crop and the cash crop respec~
tively.

Pf, Pd=¢ the farm pfices of the food crop and
the cash‘ciop respectively,

Yf, Yc = the vyields of the food crop and the

cash crop respectively.

V(PfJ, V(Pc) the variances of the farm prices of
"~ the food crop and the cash crop

Tespectively,

V(Yf), V(Yc) the variances of the yields of the
| food crop and the cash crop respec-

tively.
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Then the total cash income is given by

I = aIf + {l-a),IC " esssdeiesesnssinanas (D)
where If = Pf (Yf - F) ‘ oon.iionoquiaidiqoa(ﬁ)
and IC = PC YC - Pf F q-i;ccidoc..iti.too(7)

The mean and variance of the total cash income in equa-

tion (5) are respectively as follows:
f = aff + (l—a) TC .--incniitd-oqooooa(s)

vin = & Ve -a)? V) + 2a(1-a) Cov (1, I) eeee(9)

Where the barred variables represent the mean values,

and V and Cov are variance and covariance operators respectively,

The means and variances of 1. and I, are given by

If = ﬁf (?f - F) i . ‘;“...d‘..‘fi...(lo)
T; = PC YC - Pf F . --qcodoooocciobo-(11)

Vg = Ve Ve + (p‘f)zJ RTN T + V(e Fo- &, FV(Pp)..(12)
| 21 T A
V[Ic) w V(Yc) [V(Pc)+(PC) J + V(PC) (YC) +V(Pf)F 'T.,‘f:‘f'...'.(ls)

Substiution equations (10) and (11} in equation (8), and

~ equations (12) and (13) in equation (9) give:
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I = anYf + (I“a)PcYC - PfF . -onnoo..i-ni..ln-(ld‘)

and V(D) = éz{ Vg [veg « Bp?l +vep Fpveyr’

-2Yf1=vtpf)} +(1-a)® { V(Y [wpc) + ) 2.]a,\/(zac) )’

'I'V[Pf)z F2} + 23(1"‘8.) V(Pf) (Fzﬂ -Y_f F) .iioql.ont(lS)

Now if the producer is risk=-averse as we assume all along,
and his utility function of total cash income has the same form as
those in the models in section IV, then his expected utility func-

'y

tion will be

- b |
U — I + 7 V(I) ..I.'G.G.T‘I."‘.Q.""(lG]

where b < o and is the degree of risk aversion of the
producer, énd T and (V(I) are defined as in equations (14) and (15).
The producer will try to choose "a" --<- the proportion of land

devoted to the food crop ~-~ such that his expected utility in

equation (16) 'is maximized. Graphically this means that he will
produce at a point where his utility-indiference curve touches the
.efficienéy frontief, as U* touches AA' at point P in figure 5.
Thqg the effggt of an export tax on the optimal diversification
caniﬁe analysed in terms of its effects on the mean and variance

(or standard deviation) of total cash income.
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Suppose that only export of the food érop is taxed.
It is clear that an export tax such as the rice premium in Thai-
land will reduce the mean farm price (Ff) of the taxed crop (i.e.
rice in the Thai case). But it is not clear how it affects the
variance of the price (V(Pf). Conceiveably, the variance can be

increased or decreased or unaffected by the tax,

First let us look at the effect of the tax on diversifi-
cation through its influence on the mean price, ﬁé . We differen-

tiate equations (24) and (15) with zespect to 5} :

a f'J I3 déoeqdnct..iio.(l‘?)

HH

o 1/ 3P,

and V(Y 3T, 2" VY F icidesisasaness(18)
Bquation (17) is positive if a¥p > F, i.e. if the

producer, on the avsrage, grows encugh food for on~-farm consump-
tion, In this case the export tax, which reduces 5& , willcaiso
reduce T, And since y( O I/ 3 'P"f)/ Qas= Tf >0, the"moré |
food is grown (i.e. the greater the valuw of "a'") the mOre‘is‘
the reduction in T . Thus with self sufficiency in. food, the |
export tax on the food crop will disccursge its production through
the reduction of T, and T . When the food requirement exceeds

f

food production, a reduction in Fé increases 1 , since part of

food consumption has to be purchasci and a decrease in ?} improves
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the producer's income position. However, since 6( Q17 éff)/
3 a >0, the rate of increase in T due to a reduction in P, will
decline as more land is allocated to food production. Thus in
the case of insufficient food production, the export tax on the
food crop will also tend to reduce its production. The effect of
the tax on the efficiency frontier through 5} and T is depicted
in figure 6a. The points on the portion of the frontier below
the exact food sufficiency point-(é?? = F) shifts_downwards,

while those above it move upwards.

" The export tax on the qud crop will definite;y reduce
the variance of total cash income because, as seen in equation
(18), SvI)/ © P, is always positive. And since O ( & V(I)/
a'ﬁf)/'b a = 4aV(Yf)'§f is also positive, the decrease in
V(I) is greater the more land is used for food production. It is
clear that, as far as fhe effect through V(I) alone is concerned,
the export tax on the food crop will tend to encourage more food
production because it reduces fluctuations in total cash incbme.
This effect of the tax on the efficiency frontier via ?} and ffI)
~is shown in figure 6b where the whole frontier shifts to the left
in such a way that as more land is used to produce food the more
the curve is shifted. Therefore, the total effect of the tax on
diversification through its influence on P is ambiguous, as its

£
effects on I and V{I) tend to offset one another.
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Turning to the effect of the export tax through changes

in the variance of food farm prices (V(P f]), we differentiate equa~

tions (14) and (15) with respect to ‘V(Pf) :
8T = 0 D wesesnsesncisvenss(19)
SV(Pf)
bV(I) = aZV(Yf) + (F - a,-ff)z .n-ddoc-(zo)
DV,

Equation (19) indicates that changes in V(P f) do not
affect I, Since equation (20) is always positive, this means
that changes in V{I) are in the same direction as those in V_(Pf).
Suppose now that the export tax reduces fluctuations in P £ i.e.

it decreases the value of V(Pf). Thus the tax will also reduce -
the size of V(I). But because B[&V(I)/ > V(Pf)] /é a = 2av
(Yf) - 2"1_’f (F - a'%f‘) can be either positive or negative or even
zero, thAe rate of reduction in V(I) will differ according to how
much land is devoted to food production. For @ [b vV(I)y a V(Pf)]
/a a to be positive, it is necessary that‘ aV(Yf) > -Y.f(F - an). '
This is true if a?f> F,:i.e. if the producer is self-sufficiency
in food, Hence, the more land is used for food production (i.e.

the greatér the value of "a''), the greater the rate of decrease in
V(I} due to the tax in the food self-sufficiency case. And the

tax through this effect zlone will tend to encourage food production
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when enough food is grown. The effect is greater as more land is

used in production the food crop.

For {3 {:B V(I)/ P V(Pf)] /Ej a to be negative, we
require that aV(Yf]<f‘?% (F-aY¥.). One sufficient, though not
necessary, conditon for this to true is when F> a?} or when
food production is less than what is required for on~-farm consump-
tion., In this case it is possible that the rate of decrease in
V(I) is greater when more land is devoted to cash crop production,
Therefore, when some food has to be bought to satisfy on~-farm
consumption, it is possible that the effect of the tax which reduces
V(Pf) and V(I) may be perverse in the sense that it tends to dis-
courage food production even though fluctuations in total income
are decreased. The effect of the export tax on the efficiency
frontier through changes in V(Pf) is shown graphically in figure
7. There we can see that the efficiency frontier shifts to the
new position by different distances. Below the exact food suffi-
ciency point (where a?f = F), the more a point is further from
the complete food specialization point (where a = 1), the less it_‘
shifts to the left. Above the exact food sufficiency point, the
more a point is closer to the cash crop specialization point

{where a = 0}, the more it shifts to the left,

In the case where the tax increases fluctuations in

food prices, all the direction of the effects above are reversed.
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The effect of the tax through an increase in V(Pf} alone will tend
to discourage food production when where is self-sufficiency in
food, but it may perversely cause an increase in food production

in the case of a food deficit.

To summarize, we can distinguish two cases: the case
where self-sufficiency in food is achieved and the case where some
food has to be bought for on-farm consumption, In both cases the
effect of the export tax on crop diversification through a reduc-
tion in ?% is ambiguous, However, the tax effect on crop diver-
sification through a reduction in V(Pf) is likely to encourage
food production when food self-sufficiency exists, while it per=-
versely tends to discourage food productien when insufficient
food is grown.21 Combining the two types of effect above, wé
may conclude that if the export tax on the food crop which reduces
both ?} and Y(Pf) has the net effect of increasing food produc-
tion, the increase is likely to be greater when enough food is

produced for on-farm consumption than when it is net, On the

other hand, if its effect is to decrease food production, the

21 Nowshirvani also examines the case where Pf and Yf
are negatively correlated and concludes that this will only make
the perverse effect of fgod price stabilization (i.e. a reduction
in V(Pf)) on production even more. likely than in the cases examined
above. See Nowshirvani (10), pp, 453<5. Thus the inclusion of a
ﬁééative correlation betweeﬁ Pf and:Yf does not significantly

change our conclusion,
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decrease is likely to be less when enough food is grown than when
it is not. The opposite is true when the tax reduces F} but in-
crease V(Pf]. That is, if the net effect is to increase (decrease)
food production, the increase (decrease) is likely to be smaller
(greater) when there is sélf-sufficiency in food than when there

is a food deficit,

VI. Concluding remarks

The models in section IV indicate theoretically how the
government could use export taxes to bring about socially optimal
diversification in export crops. But as discussed in section 1I,
it is not a priori clear what kind of government intervention is
really needed, because‘there are various factors which require
both pro-and anti-risk policy measures. The problem is even more
difficult, because, as we show in section V, the effect of a poliéy
instrument such as an export tax on a food crop is not at all
obvious, More significant is the. fact that the objective of govern-
ment intervention is not only to achieve diversification in export
crops which is socially optimal in terms of net foreign exchange
earnings; as indicated in our models above, Other goals pursued

by the government are, for example generation of govérnment Teveme,
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better income distribution, and a low cost of living.22 But even
granted that-the government aims at the kind of socially optimal
export diversification indicated in the models, we may not be able
to empiricall& determine if it is actually maximizing expected
sociéi utility as suggeted in our models, This is because such
things as.the social utility function and the degree of social
risk aversion (b) are not easy to derive. Even though we have
some knowledge about the degree of private risk aversion-(b*),

we may not be able to specualte whether b* is greater or less

than b, because, as indicated before, there is no overwhelming

case as to how the two might differ.

However, we are on a firmer ground when we hypothesize
that the producers are maximizing the utility function similar to
those in the models, since it is reasonable to assume that their

objective function depends mainly on their income and is not as

22 In the area of government policies concerning rice

alone, Timmer and Falcon (6, pp. 397-398) have indenfified eight
broad objectives pursued by nine rice-consuming nations in Asia
(Burma, Ceylon, Indoneﬁia, Japan, Malaysia, Philippines, South
Korea, Taiwan, and Thailand). The objectives are listed as
generation of farm income, protection of consumers' welfare, genera-
tion of government revenue, generation of foreign exchange, food
self-sufficiency, price stability, regional development and equity,
and provision of adequate nutrition. Timmer and Falcon alsc show
that the weights assigned to these objectives according to their
importance vary from country to country.
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multidimensional as that of the government, Therefore, the models
are useful as a theoretical framework in which the efficiency
production choice facing the producers is derived and their

behavior with regard to the production pattern is tested,
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