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PREFACE

The aid given to some developing countries often has
conditions attached. This is particularly true in the case of
food aid. These conditions are often referred to in the litera-
ture as tied aid. This paper analyses various tying techniques.
It estimates the type of losses which ensue and some of the
strategies that may be adopted by the recipients.
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The Welfare Costs of Tied Food Aid

by

Philip C. Abbott and F. Desmond McCarthy

It is now generally understood that aid-tying, whether by
source or project, impcses an excess cost when the tying is effective.l/
However, the analysis of such restrictions has not been integrated into
a general equilibrium framework in the developmental literature. Hence,
it is insufficiently appreciated that the problem of assessing the benefits
(and possibly losses) from the receipt of tied aid is essentially orne of
constrained maximization.g/

The inadequacy is particularly evident in the analysis of
P.L. 480 aid. The classic articles by Schultz (1960) and Fisher (1963)
focussed exclusively on the impact of P.L. 480 aid on domestic food
production. On the other hand, even if such an effect were present,
the welfare impact of the receipf of food aid could be positive. It is
the purpose of this note to develop the analysis of the latter question
systematically.

In doing this, we note that P.L. 480 aid comes to a country

not entirely as a grant. The constraints posed by the food aid (vis-a-vis

Philip C. Abbott is with the Department of Economics, Northeastern Univer-
sity, F. Desmond McCarthy is with the International Institute for Applied
Systems Analysis, Laxenburg, Austria. The authors wish to acknowledge the
helpful suggestions of Professors J.N. Bhagwati and L. Taylor of M.I.T.

1/ For the project-tying, see Singer (1965), for source tying see Haq
(1965) and Bhagwati (1968).

2/ However, the general equilibrium approach has earlier been devel-
oped in the trade-theoretic, as distinct from the develommental
literature, by Bhagwati (1968).



cash aid) may relate to dorestic consumption or production or imports --
and that the loss resulting from meeting such constraints may not be the
minimel one, since second-best policies may be utilized to meet the
constraints.

We utilize the usual trade~theoretic model, which assumes
two tradables (one being food) and fixed international policies, with
the food aid then constituting a "transfer” receipt. The key difference
from standard trade-theoretic analysis is that the post-transfer equil-
ibrium must rePlect the additional constraints that P.L. 480 aid legis-
lation may reouire.gf

While each constraint will be treated diagrammatically, we
also analyze it algebraically. The notation used for the latter will

be as follows:

Ci : Domestic consumption of goodi, i=12
Yi : Domestic production of goodi, i=1,2
A Ald received, in the form of good 1
P World Market Price of good 1 denominated in terms of
good 2
U (cl, c2) : Social Utility Function
P (Y, ¥.) : Production Possibility Frontier

l-= a: Grant component of aid.

Hence, there are two goods in this world, the aid good 1 (food) and all

3/ The usual transfer problem analysis, of course, is also of
interest when the terms of trade camr vary. By contrast, we are
assuming here that the terms of trade are fixed, since aid re-
ciplents generally meet the requirements of the small country
assumption.



other goods. It is assumed that U (Cl, 02) and F (Yl, Y2) satisfy

conditions for differentialbility as required, and Ui and Fi denote
partial derivatives with respect to Ci and Yi’ respectively. Throughout
the analysis non-specialization in consumption and production will be

assumed, and trade is allowed, except when specific constraints are intro-

duced. We will therefore be concerned only with interior maxima,

I. Consumption Constraint

It is assumed that prior to receiving aid, the recipient country,
a small open economy#! maximizes its social utility U and this results in
a level of consumption Ei for the aid good. After receiving aid, the
consumption level of good 1 is constrained to be Cl = El + A, (This
1s the constraint of "additionality" which is often thought to be applied
fn us P.L. 480 donations.) In addition, the country now seeks to max-
jmize U subject to this constraint and also the production and foreign

exchange constraints. The problem faced by this country can, therefore,

be specified as follows:

Max U (cl, c2) Social Utility
s.t. F (Y,, ¥Y,)) =0 Production Possibility
1 2 Frontier

- - = i Exchange Constant
P. [Cl -(1-a)A Yl]+ €, - Y, = 0 Foreign g

C, = C1 + A Additionality Constraint
1

A geometric interpretation of the problem is given in Fig. 1.

E/ This implies that its behavior does not effect P, the world price
of good 1.
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Initial production is at P and consumption at C, giving maximum utility

Ul. After the influx of aid the grant component moves the foreign ex-

change constraint to a'b'yielding the primary gain. If one now imposes

the additionality constraint C1 = Ei + A then a solution must also

lie on the line ed. The optimum outcome for the case illustrated (with
a> 0) is at s where the utility is below pre-aid level Uj. A primary
gain moves ab to a'b'and then the concommitant loss occurs due to the

binding consumption distortion. It is evident that if the consumption

constraint were not binding a gain would result; as a'b'passes above

Ui for some portion of that curve. It should also be noted that the

cutward shift of the budget constraint a'bt' is determined by ¢ . If

a= 0, a'v’' shifts by an amount A, and so C;

transfer. In that case, no loss occurs. If a exceeds 0, however, then

equals C,yprior to the aid

a'b’' shifts out by an amount less than A, so that C, is reduced and 2
loss in utility may result. In the extreme case where a = 1, then ab
does not shift, and a loss 1s obvious.

The optimum solution under the consumption additionality
constraint may also be obtained analytically. The change in social uti-

lity, du, obtained is given by:
dUaﬂldCl = U, [—pdcl + (1= 20) pd.A]

(see appendix 1 for the derivation ; the case where the addition-

ality constraint is not binding is also treated there)

If the additionality constraint is binding, then it follows



that dCl = dA. Production is kept at the optimum by meintaining the

pre-ald prices to the producer. A consumption tax cum subsidy is required

to insure consumption at s (Fig. 1.). The change in U is given by:

dU = U.dA - a pU,dA

1 2
also:
Uy = pUp = A4
so that:
dU=((1-a)p02-x3)dA

vhere A3 can be thought of as the shadow price of the additionality

constraint. Since C1 is fixed, the other constraints and first order

conditions also fix Ca. Ul and U2

U=svu (E; + A, C2). Note that when the additionality constraint did

are evaluated at this point, where

not apply, optimality conditions reauired that the country always gain.

The constrained solution, however, allows U,> Ul/p wvhich 1s why the country

2
may lose. One should note that in Fig. 1, the social utility function
is no longer tangent to the budget constraint (line a*b" ) at point s,
the constrained outcome.

Some observations are relevant at this juncture. The above

conditions imply that if a country 1s following optimal production policy,

price to farmers will not equal prices to consumers. This occurs because

of the presence of a free resource - the food aid., This is then allocated
between farmers and consumers by appropriate prices to each. The aid
inflow will be used to subsidize lower food prices to consumers (and in
effect, higher food prices to producers than would otherwise obtain).

Hence, the constraints considered here do not necessarily impose the



Schultzian disincentive effect. Hence, if appropriate policy is followed
there will not be any change in domestic production. By use of an
appropriate wedge, incentive to produce is not reduced, since the pro-
ducer faces the same (pre-aid) relative prices. Thus, a consumption

externality is best handled by a consumption policy of tax and subsidy.

II. Production Constraint:

It is assumed here that the recipient is required by the
aid donor to produce an additional amount of the aid good 1
equal to 8A above the pre-aid level of ?i. The problem may be

stated as follows:

Max U(Cl’ CZ) Social Utility
8.t. F(Yl, Yz) =0 Production Possibility
Frontier

plC - (1 -a)A~-%Y,)+C, -Y,=0 Foreign Exchange Constraint

Y=Y +8A Production Constraint

Again a geometric interpretation is shown in Fig. 2. Before
aid one is constrained by the world market to ab with aid good
production at'Yi. If production of good 1 is now forced to ?i#-SA
the resulting foreign exchange constraint is a b. The primary gain
from the aid will move a'b'out by an amount (1 - a)A to a' b?',

One should also note that a country constrained to produce at the

same level as before receipt of the aid (i.e., 3 = 0) will always




gain from the aid inflow, though the value of that aid is reduced by

the effects of the constraint.

Also, if the aid is all grant, then a country will gain once 8
is less than unity., For this constraint the domestic food production
(good 1) increases. The optimum (second best) policy requires a pro-
ducer tax cum subsidy. Such changes in production require advance

notice of the aid availability, however,
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ITII. Import Constraint

In this instance the country is reguired to Import some given
amount of food. This may arise where business interests in the donor
country seek to insist on the recipients of their cammercial imports
continuing those commercial imports or at least some specified fraction

of the pre-aid level of commercial imports. The problem may be stated:

Max U (cl, c2) Social Utility

s.t, F (Yl, Y2) =0 Production Possibility
Frontier

P(C1 - Yl) + 02 - Y2 =0 Foreign Exchange Constraint

c,-Y, =Y’(Cl - Yl) +A Import Constraint

The mathematical solution obtained follows along similar lines to I and
II. (See appendix 3 for details.) Results again indicate that constraints
come with a cost, and a severe enough constraint may induce a loss from
the receipt of tied aid.

A similar problem has been analyzed by Bhagwati (1968) for the
cagse y= 1, This is shown in Fig. 3 and it illustrates the points out-
lined in Appendix 3. Initial production and consumption are at Y. and

1

Cl giving utility Ul. For food aid A and no comstraints consumption is

at C, giving U2, Ir the recipient 1s now constrained to imports at the
pre-aid level (y = 1) in addition to the aid A then one possible solution
is to consume at Cl yielding utility Ul. This may be realized by a con-
sumption tax cum subsidy. This would, however, be an inefficient policy.
The recipient could also satisfy the constraint and do better if consump-

» L J »
tion were at C, yielding U . To achieve this level, U (higher than )
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#*
requires producing at Yl.

Thus, to achieve the optimum solution (under the imposed pattern
of trade), the recipient is obliged to interfere in both consumption and

production markets. This requires a production tax cum subsidy to drive
*

l’
*
gether with a consumption tax cum subsidy to drive consumption to Cl

production to Y., lowering the relative food price to the producer to-

(assuming that the associated U'is the maximum that can be achieved).

The two taxes should be eaual for a lowest cost solution. This
point was not highlighted by Bhagwati. Analytical details are given in
Appendix 3. It is noted in this instance that the import constraint
results in the recipient producing less food domestically than in the
pre-aid situation by making food production less attractive. Hence,

the Schultzian, disincentive effect is operating in this case.
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IV. Distributional Effects

In this section the model i8 modified to analyze the effects
on a country's welfare when all individuals within the country are
not the same. In order to focus on this aspect of the problem it
is assumed that the country consumes all the output and also any
aid. The usual caveats about normative utility functions apply.

The analysis of the effects 1s based on a model of & country
with two classes of worker. The Ll members of the first produce
only food (Good 1) while the L2 members of the other produce only
machines (Good 2). These may be typically rural and urban popu-
lations. Each class, f, consumes both goods, Individuals have
utility functions ot (c

i=1,2 vhere C is the quantity

11 C24)> i1

of food j consumed by a member of class i and Cj = le + Cj2’ j=

1,2. The production functions are assumed to have the form:

Y, = F (L) j=1,2

with the usual properties. A soclal utility function U for the
country 1s assumed of the form:
U = LUl ) + Luic

12* C22)

11° 21
Before food aid arrives it is assumed that a general equili-
brium exists with all markets in equilibrium and all income consumed.

Let a quantity dA of food aid arrive in the country; the ques-
tion of how it is distributed is discussed later. It is assumed that
structural rigidity of the economy is such that workers cannot change
from prdoucing one good to another so that the physical output of
goods remains the same. (This distortion 1is necessary to make com-

modity tying of the aid important. Otherwise, shifts of labor between

occupations will mitigate the redistributive effects of the aid trans-
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fer). However, the money wage of workers in food will typically
fall, in effect reducing their ability to trade for other goods.
It is assumed that all face the same price for food p, with the
price for machines being 1.

The change in utility for a member of class i is given by

i

1 : 1 i}

au' = v} ac,, +U; dcy {=1,2

1
= U, (pdCyy +dCyy,
where

g . ot

3C
3 3

The change in utility for the country is given by:

1
du = leU + deU

2

It is of interest to examine when du may be negative (i.e., the
aid induces a net loss in social utility). (The details are given
in Appendix 4.)

The analysis suggests that sufficient conditions to produce a

net loss in social utility are:

(a) The distribution of food aid to the food producing
class does not outweigh its loss in marketed surplus,

(b) The marginal utility of food (machines) of the food
producers is sufficiently higher than that of the
machine producers.

(c) Factor markets are rigid so that food producers will

not shift to producing machines.
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The typical situation where one might anticipate such a result
would be a country recelving food aid when a large segment of its pop-
ulation is involved in agriculture.

The optimum (second best) policy in this instance necessitates
a8 redistributive mechanism, This would require different consumption

and production tax cum subsidy for each class.

V. Conclusions

The analyses of constraints placed on US P.L. 480 food aid pre-
sented here have shown that the value of that aid to a recipienﬁ country
can be sharply reduced and may in fact result in a net loss if that aid
is accompanied by sufficiently severe constraints.

The results are summarized in Table 1 for the particular models
discussed. In addition, if the aid causes sharp redistributional effects,
then the net social utility of an aid receiving country may also decrease.
These results follow from the effects of distortions in allocations of
resources in the receiving country as a result of the constraint which
accompanies the aid.

Further, it is also important to realize that a recipient may
meet these constraints in a number of ways, and for each situation there
is an optimm (second best) policy. The departure from unified exchange
rates requires active government participation to minimize the loss.

The lessons from US food aid, which was considered explicitly
here, can be easily extended to other forms of aid which come with strings

attached. Hence, one should not assume that aid with conditions attached



- 16 -

will bvenefit a recipient, and even if there is benefit, the real value

of the aid to a recipient may well be less than its nominal value,
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Table 1.

SUMMARY OF EFFECTS OR RECIPIENT

OF AID WITH CONSTRAINTS ATTACHED OR WHEN MALDISTRIBUTIOR EXISTS (L

Cause of Loss

Optimum
(second best)
Policy

Can net loss
occur if aid
is all grant?

Post Aid
Doméstic
food production

1. Consumption
Additionality

Fl = Cl"' A

2. Domestic
Production
Increase

11 = Yi +B8A

3. Import Level
Maintenance

k. Maldistribution
of purchasing
pover

*Hote:

Consumption
Tax cum subsidy

Production
Tax cum subsidy

Equal
ansumption and

Production tax
cum subsidy

Different
Consumption and
Production tax
cum subsidy

for each

class

RO

YES ir
B <1 - a

NO

YES

Unchanged

Increase

Decrease

Unchanged
(short-run)

for 1,2 and 3 it Is assumed that no distribution problems exist.
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Appendix 1 Optimum policy for an aid recipient under a consumption

addition constraint

Consider Lagrangian multipliers.x1 i= 1,2,3 for these constraints,

the problem becomest

Max U(Cp, Cp) + A F(Yy, Yp) +a,[p(C - (1 -a)A-Y) +C - Ya],

First order conditions for this problem are:

[
(=]

L'2+ Xz =0

AMFr-2p =0

MFL - X, =0

plus the original constraints

Using these four conditions together with the three constraint

conditions, one may evaluate the seven unknowns: C;, C,, Y;, ¥Y,,

A1 s Azs Ag-



S

The change of U

du = Uldcl + U2dC2

Note also that:

+ (1 - a) pdA + pdY, + ay

d02 = -pdC 1 5

1

F,dY, + FdY, = 0
pP= Fl/F2
QU = U,dC, + U [-pdCl-"(l- u)pdA]

It is now of interest to analyze the various possiblities, If the
"additionality” constraint is not dinding then for a maximum U one has

A = .
3 = 0 and so Ul U2. This ylelds:

dau
In this instance a country always gains by accepting aid
(0 < o < 1). Hence, the requirement that some of an aid good be paid

for cannot, by itself, induce a loss in this instance.




Appendix 2. Optimum Policy for an aid recipient under a produetion

Constraint.

For this instance the problem is:

A A - - -
Max U(Cl, c2) + lF(Yl, Y2) + 2(p(Cl (1 - a)a Y, + c2)

+ %3 (Y, - (Yl+eA))

FPirst order conditions from the analytic formulation are:

Ul + Azp =0
U2+k2=0

AlFl - Azp + 13 =0
11F2 - 12 =0

plus the original constraints.
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Change in utility is given by:

dUu = U, dC, + U,dC,

Noting that:
dCy = -pdC) + (1 - a) pdA + pdY,; + dY,
one may evaluate the various subcases.

If the constraint on production is not binding, then

13 = 0, Fl = pFZ and Ul - pU2

This yields:

& -a-a)
as before.

That is, production is allowed to remain at point D in
Figure 2, which is the optimum point, so that the primary gain
from aid will be all that occurs.

If constraint is binding, however, then p = Ub;/u‘2 and dU
becomes

du = ((1 - o) pdA + pdY, + dY,)U,

also

A3
F - - - .
R/f, =p-5F “P @ + 9

and

dY, -F

dy; F,
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This yields

dUu = U1 [(1 - ) pdA -53dA

Note that for a= 1 (all 'aid' paid for) dU< 0. This is
simply that a binding production constraint will produce a 1loss,
since it moves the recipient from the optimal prodcution point D.
For a= 0, (no payment for aid) gain (loss) requires p ~ §g
to be positive (negative), This says that a recipient of completely
"free" aid may incur a loss if that aid is tied to a sufficiently

restrictive production constraint,

Appendix 3 Optimum Policy for an aid Recipient under

an Import Constraint

In this instance, the problem faced by the recipient country is:
Max U(C1, C2) + AMF( Y3, Y2) + A2(p(C; - (1~ @)A-Y;) + C; - Yj)

First order conditions for this problem are:
Uy + Ap+ g =0
Us+ Ay =0
Ay Fp o= agp - 25 =0
AFa = As =0
plus the original constraints, Using these conditions, one may
evaluate the seven unknowns; C,;, C,, Y;, Yo, A;, A3, and A3.
Since the change in utility 4s given by

dU = U]dcl + Udez
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and, from the above conditions:

FI/FZ -p b —U&;—

Uz

UI/UZ- p -

Nete thet for an optimum (lowest cost) solntion production and world

A
prices should be separated by an amount f;é while consumption and world
Y 2
prices should be separated by U-—3 . This tax package together with an
2

appropriate subsidy yields the optimum (second best) solution.

AU by - F1
U, [(Uz) pldY;) + (1 «alpdA + (p = Fz) dY!

Once again, if the constraint 1s not binding, i3 = O and g—%

reduces to -g—g = U1 -a)p = (1 -a)U;
However, with the constraint, changes in production (dY ) are
induced, and this can counteract the primary gain from the aid .

In that caset

au 213y 4y - g
&= GErdn+ G- apd

Again, A31is interpreted as the cost of the constraint, and its
value can be calculated from the first order conditions discussed
earlier. Those conditions and, hence, the constraint, also imply a
relationship between dA (the aid inflow) and dY , the induced change

in production.
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Appendix 4 The distribution effect for an aid recipient

In the text it is shown that the change in utility for
a two class soclety after receiving aid is given by dU where
du = L,du! + L,du2

It 1s of interest to consider a number of cases.

Egali;gr}an §9cie;z

If one makes a common assumption that all members of the

society have similar marginal utility (for each good) i.e.,

o = vl vz o= 0

then it follows that:
du = Uy [p(dCj;L; + dCj,L) + L;dCy; + L,dCy, )

since the net increase in food consumption is dA while the
net increase in machine consumption is zero one obtains:

du = UlpdA > 0O

Accordingly one concludes that an egalitarian society will
increase its welfare by acquiring aid.

In many countries there is a sharp difference between various
classes this may be viewed as a difference in marginal utility
between, say, a rural food producing and an urban machine producing
class. Consider this somewhat more general situation. The change

in the country's utility dU is given by

- 1 2 1,4 2
du p(UéjCllLl +U21C12L2) + U24C21L1 + I.I2<1C21L2



Noting that:
dCijL; + dCjyL, = dA and dC,,L, +dC22L2 = 0

one obtains:
1 2 2
du = Ly(Uz =~ U3) (pdC,; + dC,,) + pUdA
= Lyl - ud) (pac,, + dc, ) + UECTY

The question is then whether dU can be negative. The second term
will be positive. It remains to analyze the first term. For a
typical situation U; - Uf can be < 0. This occurs when classes
have different taste but similar endowments, or similar tastes

with different endowments, or both. The changes in wages (money)

for members of Class 1, dU , is given by:

du; = fp —g—ii- + fi;pdA = (Ap%} + pda)

where %- is the fraction of food aid given to class 1 and da is
aid/capita in class 1. Since each consumes total income one also

obtains (ignoring 2nd order effects);

'1‘1 du; = pdC;; + dCz; + Cjj4p

L
Hence,
dc.. +dGC. = Ap - - CyiAp + pda
Rt 21 PL née TP

C
= <ﬁ - C11) 4p + pda

This last term is the difference between the marketed surplus
of a class one member (a loss) and the value of the food aid
received (gain). Thus the net effect can be negative ~ and so a
net welfare loss can result to class 1. If in addition Ui - U%

is sufficiently negative then one obtains the result that dU

can be negative, i.e., the country as a whole loses by aid.






