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Modified Price, Production, and Income Impacis of Food Aid
Under Market Differentiated Distribution®

Kerru D, Rocens, Usta K. Srivastava, anp Eanc O, Hiany

Estimation of negative production impacts of food aid rests heavily on measurement of re-
sulting price changes, Previous studies have assumed an exogenous shift in supply resulting from
distribution of the imported commodities but have ignored the Jacome effeet on demand. Dis.
tribution of food aid commodities to consumers at concessional prices provides an increase in
real income and corresponding shift in demand for food. The shift in demand compensates for
part of the exogenous shift in supply, reducing the potential mpact on domestic prices, Based
on market differentiation, the production impact in India is estimated at one tenth of previous

estimates.

00D aid financed under P.L. 480 has
helped to bridge the food gap in recipient
countrices for a decade and a half, For
countries in carly developmental stages, it has
helped meet expanded consumer demand. As
Witt and Eicher [18] indicate, it has helped
avoid alternative measures snch as (1) higher
prices and/or ritioning to adjust use to existing
food supplics, or (b) use of more foreizn ex-
change for purchuse of imported foods,
Serious questions have been raised, however,
about potential negative impacts of food aid on
recipient countries, Schultz [16] expressed aj,-
prehension about price disincentive eficets of
food aid on agricultural production in recipient
countries. Others disagreed with him by cither
(a) denial of production responsiveness to price
changes in developing countries, which rules
out any disincentive cffects |3, 8, 14], or (b)
acceptance of production responsiveness hut
disagreement on the degeee of such response.
Fisher argues that Schultz and others have
overstated the negative price effects of food aid
by implicitly assuming (a) that the clasticity
of domestic supply is zero and (b) a single
market for imported and domestic commaodities
so that distribution of concessional imports
substitutes dircetly for domestic demand [3].
In the face of increasing evidence to the con-
trary, the proposition that production in de-
veloping countries is not price responsive has
little basis [1, 2, 3, 4, 9, 10]. Gn the sccond
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count, there is evidence that markets for domes-
tically produced commodities and for the same
commadity supplied through imports are not
perfectly  homogencous; henee, demand  for
domestic commodities is not direetly substituted
by imported foodgrains, particularly in India,
which Schultz used as an illustration. Finally,
Fisher argues that the negative impact of food
aid can be reduced if i is distributed ontside
the market for domestic production so that
distribution creates additional demand |3].
Estimation of negative production impacts
resulling from sarplus commodity distribution
thus rests heavily on measurement of price
changes and related produaction response. Only
a few quantitative studies have heen made to
test the hypothesis put forth by Schultz, One
such study by Mann [11] used an econometric
moiel 1o test the price and production effects
of P.L. 480 impacts on the Indizn economy.
Although his model confirmed a negative im-
pact of food aid on prices and agricultural pro-
duction in India, it contained only one demand
equation, He implicitly assumed P.L. 480 im-
port demand to he homogeacons with demand
for domestic commodities and that P.L. 480
commadities enter the market in the same way
as domestically produced commuodities. How-
ever, as poinced out elsewhere {6, 12, 15, 17]
P.L. 80 commadities enter the market in
many countries through o concessional market.
As will be discussed Tater in this paper, there
is strong evidence that the distribution of food
aid commodities throush a coneessional market
provides for market differentiation and, in
turn, expanded demand as a oresult of a real
income cffect of lower prices in the conces-
sional market as compared to open market.,
The availability of food to some consumers
at a lower price represents an inerease in real
income to consumers in the aggregate and
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Figure 1. Aggregate food supply and demand equilibrium

implies a shift in the aggregate demand ecurve.
In Figure 1, for example, P.Lo 480 imports
equal to 4 would depress prices from Py to
Ls without a demand shift, However, if demand
shifts from D to D, due to the income ceifects
of fuud aid, price is aot acpressed. This is o
possibility that should be esamined. Mann's
study, in overlooking the presence of a dilTeren-
tiated market, overstated the negative price
and production cficct of food aid. For the same
reasons, it likely underestimated the positive
contribution of the aid,

Objectives, Data, and Framework

The objective of this paper is to develop a
theoretical maodel to test Fisher's hypothesis;
namely, that the negative effect of food aid on
prices and production is much less (or could he
absent) under a differentiated market situation,
If Ticher’s theoretical wrgument can he sup-
ported empirically, previous analytical worl,
which neglected the real income cficct on de-
mand, promises to have overeatimted the
negative impact of PuL. 480,

The data used in the analysis relate to India
for 1936-67, but the framework is of -vider
inicrest hecause it can be used both to make
improved cstimates of the impact of aid on
recinient countrics which do have a differen-
tiated market situation and as a guide for ad-
ministering food aid to minimize negative price
and production effects in recipient countries
while maximizing beneficial effects.

The concept of market differentiation is in-
corporated into Mann’s analytical framework
by including an additional efquation so that the
system provides for cereal purchases on both

the open market and the concessional market at
lower prices. Incorporating a second “demand”
cquation and modifyving various other equations
in the basic Mann model brings stronger causal
relationships and improves their reliability.,
The model is specificd by defining several a
priori functional relationships that are pre-
sumed 1o exist as indicated by cconomic theory,

Mode! for Analyzing P.L. 480 Impact Under
Market Differentiation

The maodel includes a supply cequation, an
open market demand cquation, a concessional
market distribution equation,! an income cqua-
tion, a ¢ommercial import cquation, a with-
drawal from stocks ecquation, and an excess
demand equation. The reduced form of the
system of seven equations provides estimates
for the quentitative impact of P.L. 181 ship-
ments of cereals distributed through a conces-
sional market arrangement. Specification of
these relationships is explained helow.

Supply of cereals in the current period

The quantity available for consumption from
Gomestic production in a particular year is
primarily the result of production decisions,
weatner conditions, and available technology
hefore and during the growing season, Supply
from the domestic sources in period £ is a func-
tion of production during the agricultural year
{—1 (1970-71, July-June), and production, in
turn, has been found to he a function of price in
the preceding agricultural year (say, 1969-70).

VThe concessional distribution equation represents de-
mand under fixed price and controlled supply conditions,
conscquently, designated distribution rather than demand.
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In developing countries which lack an effective
market forecasting system, the cultivators’
primary source of information is prices received
for the previous crop. Thus, supply becomes a
function of prices in period —2. Rainfall in
period {—1 (R.;) and cereal yield (7-1), as a
proxy for technology, hive a direct impact on
production. 7'y and R, are used to account
for the contribution of botiv factors to produc-
tion.? The theoretical supply function thus is
specified as
(1) Qf = f1(Peyay Reyy Tet)
where
Q2 =per capita quantity of cereals avail-
able from domestiz: production for
consumption in period 4,

Pea=a dulated index of wholesale prices
of ce-cals in the period before produc-
tion,

Rey=a rainfull index as a proxy for weather
conditions during the producing sea-
son, and

Ty =cercal yvield as a proxy for other fac-
tors affecting adoption of technology.

Open market demand for cereal

Economic theory states that quantity de-
manded per capita is a function of the price of
the commodity itself, the price of related com-
modities, and income level. Thus, the open
market demand cquation is specilied as:

(2) Q= fu(Pe, Py, 1)

where

0= per capita quantity of cereals demanded
in the open market for consumption in
period ¢,

e =the index of deflated wholesale prices
of cereal in the period ¢,3

Py =the deflated price of noncereal foods in
period {, and

2 Although rainfull and yield would appear to create a
problem of multicollinearity, the basic data indicate that
the correlation between the two variabies is only 0.10.

3 Strictly speaking, the supply cquation is formulated in
terms of wholesale prices and the demand equation in
terms of retail prices. But with an assumption about con-

1959

1958

1956 1957 1960
My 8.2 6,70 4,85 7.5% 10003
ar 0.30  7.52 9.61 12,19 11.40
e 100 7015 8009 5047 61,77 87.89

stant marketing marging, a demand fun don can be de-
rived in terms of wholesale prices.
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V,=deflated per capita consumer income
in period £,

Distribution from the concessional market

Distribution of P.L. 480 imports through the
concessional market is a function of economic
variables at the minimum level and, because of
the fixed price offering, physical restraint at
the upper level, Some consumers consider im-
ported cereals an inferior commodity #ad con-
tinue to purchase cereals in the open mket
even when there is some price differential be-
tween open and concessional markats, As the
two prices diverge, however, more and more
censumers are wiiling to substitute imported
cereals for domestic cereals. Consequently, the
demand for cereals through the concessional
market is a function of price at the concessional
murhet itself, price of substitute cereals in the
open market, and the income level of consum-
ers. At the upper limit, price adjustiment cannot
serve as a balancing mechanism to equate
demand with a limited supply because the
price is fixed by the government and has been
held relatively constant. Consequently, the
upper limit on distribution through the fair
price sheysis the quantity that the government
choos:s to release for distribution. Since the
primry source of commodities for distribution
through the fair price shops has been Pl
480 imports, the quantity of imports is entered
in the concessional distribution cquation as a
proxy for the maximum quantity available {or
distribution.* The  concessional  distribuiion
equation is specified as

3

where
Q, =per capita quantity of cereals distrib-
uted through the concessional market
in period {,
P =predetermined cereals price charged in
the concessional market. (deflated by
a consumer price index) in period ¢,

Qf = fa(Pr, Pe, Vo, M)

M (per capita Pl 480 imports in Kgs) and df (per
capita issues from fair price shops in Kgs) are as foliows
for the years 1956-1967:

1961 1962 1063 1964 1965 1966 1967
.27 6.37  8.60 10.73 12,46 16,81 12,23
K00 9.61 11,17 1821 20,70 28,12 25.76
5817 66.07 76.99 58.060 60.19 V6O 47,47

Pxcluding 1956 (when PLLL 480 imports were very small),
the correlation of these two series is 0,9219,
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M@P=per capita quantity of concessional
imports of cereal under P.L. 480 in
period 1.

Incomne

The economy usually is domirated by the
agricultural sector in developing  countries.
Hence, agricultural output constitutes a very
large portion of national income, and tluctua-
tions in this output have a significant impact on
aggregate income, The sector that is second in
importance in the Indian economy is industry.
The third major income source in India is
povernment expenditure, particularly through
the involvement of the government in financing
development investments. Thus, the income
equation is specfied as

H Vo= Q0 QF, Gy
where
Q' = the value of per capita industrial output
(deffated by the consumer price index),

Ge=deflated per capita government  ex-
penditure in period 1.

Commercial imports

Commeercial imports of cereals in India serve
as a government policy investment to relieve
intlationary pressure on food prices when and
where domestic food shortazes occur. In this
role, the government imports food to satisfy
consumer demand, and commercial import of
cereals are effectively a function of the sume
factors that determine the demand for cereals
in the open market. ‘The commercial import
equation is specified as

(5) x“g" = _"5(1)(“, I’[’, l',)
where

M2 =per capita quaniity of commercial im-
port of cereals in period ¢

Wi.hdrawal from government stocks

Withdrawal from gouvernment stock provides
a residual source of cereals to balance other
government progrims. As the government in-
creases  internal  procurement  of  domestic
cereals to suppert prices, the need for net with-
drawals to control inflation of cereal prices
and to satisfv other government demand (such
as feeding military personnel and inhabitants
of publicinstitutiors) deercases. In the opposite
direction, as the government increases the avail-
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ability of cereals for distribution through the
concessional market, withdrawals from govern-
neat stocks must increase if other sources of
supply remain constant. Finally, commercial
and concessional imports are alternative sources
for satisfying government demand for various
programs so that withdrawals from the zovern-
ment stock are a function of the level of import
activities. The withdrawal equation is defined
as
(0) W= folOQf, Moy My, CP)
where

Wi=pr cupita net withdrawals of cereals

from government stocks in period ¢,

C@=per capita internal procurement of
cereals by the government in period £

Market clearing

The last equation is & market identity equa-
tion to close the system by forcing excess de-
mand for cereals to be equal to zero and is ¢peci-
fied as

(1) O+ Qf — Of — My — Mg — W, =0,

The model consists of seven equations and 16
rariables. Since the purposc of this moddl is to
evaluate the economic impact of P.L. 480 im-
ports on prices and domestic supply of cereals,
certain variables arc treated as predetermined
or given outside the system. The predetermined
or exogenous variables include 7y, Rey, P/,
Py Gy Mey Gy Py and Q4. The values
for these variabies are given at a particular
point in time and are not subject to determina-
tion by the cconometric model. Seven variables,
including Q¢, O, O, Py, Ty, Me, and 1y,
are classified as endogenous.

Empirical Results

The seven structural equations provide the
joint interactions of the variables in the system.
To provide for independent examination and
analysis of the jointly determined variables,
the system is solved to obtain the reduced form
in which cach endogenous variable is uniquely
defined as o furction of the exogenous variables
and the constraints of the system in the derived
reduced form.

Equations 2 through 6 are overidentified [7].
Under conditions of overidentification, the two
stage least squares method of regression pro-
vides consisient estimates of cocflicients of the
structural form, With estimates of the coefli-
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cients for the endogenous variables (3’s) and
the predetermined variables (17s), the reduced
form cocflicients can be derived as

-

©) # =37
where
#=the matrix of estimated reduced form
cocflicients,

g=the matrix of estimated cocthicients of
endogenous variables, and

P=the matrix of estimated coeflicients of
predetermined variables.

The structural equations of models have heen
estimated by using data from the Indian
cconomy during 1956-67 and collected from a
number of published sources. Except for equa-
tion (1), two stage least squares method was
used to estimate coetlicients for the structural
cquations. Because equation (1) contains no
endogenous variables as independent variables,
ordinary least squares were used to estimate the
associated coetlicients. The estimated  cocfii-
cients for the structural equations are presented
in Table 1. The variables are as defined carlicer.
Signs of nearly all cocflicients for the estimated
equations agree with cconomic theory.

The supply equation has positive signs for all
three independent variables, indicating that
the supply of cereals () reacts positively to
increases in the weather variables (R,4), the
proxy for technology (7', and price (Peen).
The estimated price elasticity of supply at the
mean is 0.136, which compares with National
Council of Applicd Economic Research esti-
mates of 0.22 for rice, 0.16 for wheat, and 0.10
for barley [13].

The open market demand equation has signs
on all cocflicicits that arree with econonsic
theory, indicating that demand for cereals
(O is positively correlated  with price of
other food (P and changes in income (17).°
The estimated price clasticity of demand is
-0.39, slightly higher than the National
Council’s estimate or —=0.34,

The concessional nuuket distribution equa-
tion indicates that Q¢ is positively correlated
with the price of cereals in the open market
(P¢) and negatively correlated with income
level (V) and the price of cereals at the fair

5 An alternative formulation of the onen market demand
equation was considered which included the price charsed
at the fair price shups, but the regression cocthcient was
insignificant cven at low levels, Conserquently, the conces-
sional price was excludr -1 from the final equation.
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Table 1. Two stage least squares estimates
of structural equations

Lquation
number

Estimated equation

b Qp=—13.8934340.69118 7' 1+0.56808 Koy
(0.02665) (0 12515)
0.24424 Pe o
(0.31964)

2 (= —10.51661—-0.553321 P +0.72847 Y,
(0.34311)  (0.14954)
+0.047698 P
(0.28149)

3 Q¢ = 60.91986+0.209881 ¢ —0.251650 ¥
(0.23572) (0.09075)
—0,22217 P»+0.89376 M P
(0.14373)  (0.389855)

4 ¥,=118,0153040.80042 Qs +0.28386 O/
(0.39418)  (0.25924)
—06.00092 G,
(0.00089)

M =27 84066000043 P —0,14508 1",
(0.10881)  (0.04729)
+0.03172 7
(0.08901)

e

6 We=1.52758+4+0.97303 0 —0.53602 M ¢
(0.17889)  (0.39028)
—1.62118 C,p—.69938 M »
0.47693)  (0.22458)

Asymptotic standard errors are given in parentheses be-
low the estimated cocthicients,
s Coeflicients cstimated by ordinary least squares,

price shops (/). The relatively large coeffi-
cient on M supports the aryguments that dis-
tribution through the concessional market is
highly correlated with imports under P.L. 480
and associated decisions to make these com-
modities available for distribution through the
fair price shops.

The income equation indicates that an in-
crease in (¥,) is positively correlated with
agricultural (O and industrial supply (Qr)
but nezatively correlated  with government
expenditure (Gr). The sign on government
expenditure is not in conformity with the legic
of cconomic theory. Tn examining the correla-
tion matrix (Table 2) for the variables in the
cquation, it was noted that government
expenditure has been positively correlated with
hoth aggregate inconte and per capita ircome
but negatively correlated with the deflated or

+ An alternative formulation of the concessional distribu-
tion equation included price of ovher food, but the regres-
sion eneihicient was insignificant even at low levels and
caurad the ratio of rezression sum of squares to residual
sum of sqquares 10 decrease.
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Tabie 2, Correlation coefficients for govern-
ment expenditure and income
" . Deflated
(:'?\g;zm::: government
Ak expenditure
Aggregate income 0.90625 0.7633
Per capita income 0.951F 0.7483
Deflated per capita income  —0.5560% -0.2228

real income. If the sign is opposite for per
capita inceme and per capita income divided
by price, price level must be increasing faster
than per capita income to make real per
capita income decline. This is interpreted
to mean that although government expenditure
has caused an increase in money incomes, it
has also caused prices to rise enough to force up
the consumer price index faster than money
income with a negative impact on real income
for the period under study.

The commercial import equation indicates
that imports vary inversely with per capita
income level (V) and directly with prices of
cercals (P¢) and other food (P/)." This further
supports the contention that imported cereals
are substitutes for domestic food and not com-
plements. The stock cquation indicates that
witlidrawals (117,) are directly related to distri-
bution through the fair price shops (Q) anil
inversely related to commercial imports (M),
internal procurement (C/”), and P.L. 480
imports (3,7) .8

The estimated reduced form  coeflicients
(Table 3) of particular interest to this study are

7 Alternative forms of the impact equation were con-
sidered which included concessional imports and the ratio
of cereal prices to other food prices, but regression cocfli-
cients for both were insignificant even at low levels,

8 Altcrnative forms o the withdrawal equation vere
considared which included consumer demand factors such
as prices of cereals and other food and income levels, but
none of the regressions of this nature produced ratios of
regression to residual sum of squares which exceeded 1.0,
and consequently were insignificant.

Am. J. Agr. Ilcon,

those associated with variable M,» or F.1.. 480
imports. The coeflicients or impact multipliers
from the reduced form model indicate that in-
creasing "L, 480 imports by one kilogram per
capita depresses cereal prices by 0.1314 unit
(#r) of the price index, increases demand
by 0.0727 >logram per capita (#), and in-
creases concessional  distribution by (.8557
Kkilogram per capita (#57).° Censequently, 92.84
percent of the increase in P.L. 480 imports
would result in increased consump-ion. As an
evample, data indicate that P.L. 480 imports
for 1967 (4.055 million metric tons) increased
consumption by 3.771 million nietric tons or
about 7.38 kilograms per capita for the year.
Associated with a one kilogram per capita
increase in L. 480 imports was 2 0.0119 kilo-
gram (#:7) decrease in commercial imports and
a 0.0597 kilogram (#77) withdrawal from gov-
ernment stocks. Due to the time lag in supply
response, supply is unaffected in period {.

To measure the price impact in sneceeding
years, it is necessary to use a delay multiplier
that equals #ufd?, where P=0, 2, 4 -,
because of a two-year lag between Pe and
Pris [11]. Therefore, the delay multiplier for
cereal price is 0.020039 in the second year,
—0.003056 in the fourth year, and L.000466
in the sixth vear. The first delay multiplier
represents a change of less than three hun-
dredths of 1 percent, using the mean values of
the price index, and the multiplier values in the
succeeding years are essentially zero.

The impact on supply (Table 4) is measured
by the delay multiplier #1afisfad®?, where
>=2,4,6 - - -, hecause of the time lag of price
impact on production [11]. Evaluated at P=2
to measure the impact of a change in price
during the period when P.L. 480 imports occur
upon production two years later, the delay

9°The mean population of India for the period under
consideration was 15048 million, so that imports of one
Lilogram per capita involves 450,480 metric tons of cereal,

Table 3. Estimated reduced form coefficients to measure impact of P.L. 480 imports on the

Indian economy, 1956-67

Intcrccpt F,_| l\’[-[ l’(' Pg" Cl" A‘,[" (;‘ ]7’1,2 Q,"
Qf —13.8034 0.0912 0.5681 0.0 0.0 0.0 0.0 0.0 0.2442 0.0
(o1 —5.9505 0.0847 .5275 0.0168 0.6054 —1.5230 0.0727 0.0 0.2268 —0.0043
Q¢ 7.2528 -0,0340 —0.2173 0.0162 —0.2250 00,7089 0.8357 —=0.0001 —0.0034 0.0391
P 133.626%1 —0.0569 —0.3547 0.5578 —0.0098 2.7561 —=0.1314 —0.0012 —0.15825 0.3815
Y, 107.7047 0.0730 0.4547 0.0 0.0 0.0 0.0 —0.,0009 00,1955 01,2839
M 241866 —0.0138 —0.0085 —0.0368 —0.0009 0.2403 —0.0119 0.0 —0.042¢ —0.0070
Wy 56.2758 —0.0256 —0.1593 --0.0038 —0.2189 —0.9754 —0.0597 —0.6001 —0.00685 0.0418
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Table 4. Total etfect o P.L. 480 imports on
domestic production in India

Delay Cumulated

Year multipliers multiplicrs
2 —0.032088 ~0.032088

4 0.004893 -0.027195
6 —0.0007-16 ~0.0279-1

8 0.000114 —0.027827
10 —0.000017 —0.027844
12 0.000003 —0.0278:H
14 — —0.02784

multiplier iz —0.032088. In other words, each
ton per capita of ceresls supplied through P.L.
480 to India depresses the domestic supply by
1.032088 ton per capita during the production
season two years later. Similarly, at =4 the
muliiplier is 0.004893 so that the impact of one

per capita of increased cereal production. At
>=0, the multiplier is again negative at
—0.000746. In quantity terms at the mean
population of India fer the period under
consideration, P.L. 480 imports of one kilo-
gram per capita (430,480 metric tons) of cereals
are estimated to have depressed domestic pro-
duction by 14,445 metric tons two ycars later,
increased production by 2,204 metric tons four
years later, and depressee, production by 336
metric tons six yvears later.

The net impact on supply is most accurately
measured by the cumulated multipliers over
several years, Lach kilogram of P.L. 480
cereals is estimated to have depressed produc-
tion of cereals by 0.027841 kilozram so that for
each 450,480 metric tong of imports production

207

was depressed by 12,600 metric tons over a 14-
year period, with the major impact coming as
a result of the first and second round of price
changes. Comparing the authorg’ estimated
multipliers with Mann’s (IFig. 2), the cumula-
tive impact of distribution through a differenti-
ated market is about one tenth the impact with
a nondifferentinted market.

Summary

The model developed and evaluated in this
paper ditfers uniquely from previcus attempts
to evaluate the impact of IP.L. 480 imports on
recipient economies. It explicitly incorporates
variubles to account for the case where P.L.
480 imports are distributed to consumers in a
manner such that there is a shift in demand as
well as a shift in total supply.'® With the shift
in demand as well as supply allowed, the im-
pact of P.L. 480 on domestic supply is esti-
mated to be less than 9 percent of the magni-
tnde estimated by Mann [11], who assumed
only a shift in supply. In contrast to a reduction
in domestic supply of 143,200 metric tons as
estimated Dby Mann, the revised cumulated
multipiier derived in the current study implies
4 negative impact of only 12,600 metric tans
on domestic supply over a 14-year period.

For policy formulation and application, the
conclusion of this analysis indicates that the
negative impact of P.L. 480 on domestic prices

19 [or a price clasticity of demand of ~0.39 a decrease
in price of 0.1314 implies a change in quaniity demanded
of 0.07227 kilogram per capita if adjustments were made
along the demand curve as compared to the actual increase
of 0.9284 kilogram per capita implying a shift in demand.
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and supply can be significantly reduced if the
commodities are distributed in the recipient
economy in a way that creates new demand
rather than substituting or competing with the
existing demand. The analysis indicates that
disteibution through fair price shops in India
has provided for increased consumption
amounting to 93 percent of the amount im-
ported. Since fair price shop ¢'stribution is at
a lower price than the open market price, dis-
tribution through these shops has increased
consumer welfare by increasing consumption

Am. J. Agr. Econ.

and lowering price. At the same time, the dis-
tribution of P.L. 480 commodities has de-
pressed domestic prices in the open market by
only two hundredths of 1 percent. Thus, the
analysis supports Iisher’s theoretical hypothe-
sis that distribution under a differentiated
market situation will minimize price and pro-
duction impacts of food aid and implies that
previous studies have underestimated the net
contribution of food aid to domestic supply
because the income cffect of distributing food
aid at concessional prices has been ignered.
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