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mies where the share of the market economy is
growing but administrations may still be weak.

" Through presentation of a basic model, we seek to
outline the key parameters invalved in the answer to
the question: What is the optimal combined price
subsidy and income-transfer programme that would
meet particular nutritional requirements with the
jeast budget expense? This issue of optimizing and
minimizing the total amount of income transfers and
subsidies has become especially significant as gov-
ernments try to reduce their budgets as part of eco-
nomic structural adjustment efforts.

To start answering the guestion, We follow earlier
work by Reutlinger and Selowsky [2]. Similar to
that work, we focus on “market-wide” subsidies and
“target-group-oriented” income transfers. We deal
also with the same parameters: income and price
elasticities to capture consumer behaviour, and in-
come distribution to capture the policy environment.
The model also follows empirical research looking
iato the determinants of household food consump-
tion and nutrition {6]. We depart from the work of
Reutlinger and Selowsky and from common policy
programmes in several ways. First, we attempt to
deal with optimal combinations, from a fiscal per-

‘spective, of the alternative policies rather than view-

ing them as mutually exclusive options. The view
that pertinent policies and programmes are mutually
exclusive is also evident in the concluding remarks
of 'the review of these policies by Pinstrup-Andersen
[5]. Second, we consider a vector of nutrients rather
than just one or two. Third, we deal with all foods
rather than just with a particular item. A “single-
nutrient, single-food” approach may be outright de-
trimental; it may induce consumption of, say, cal-
ories at the expense of some critical vitamins that
may be ignored {7].

This paper should be viewed as part of a more
general effort to develop a model that would con-
sider optimizing income transfers and subsidies from
a nutritional perspective under a variety of budget-
ary, production, and foreign-exchange constraints

[8].

Income transfers

Income transfers invoive, in our case, raising house-
hold incomes to levels that secure the minimum
requirements of any desired nutrient. This option
must be based on knowledge of the income distribu-
tion and demand functions that indicate how house-
holds of different income levels would modify their
food consumption when their income was supple-
mented.

When demand functions and incomes are known,
it is possible to identify the tevel of income ([}}) that

provides minimum consumption of nutrient 4; {where
jdenotes the jth nutrient) in household &. (House-
holds may have different [ values if they have differ-
ent demand functions. See Annex, parts 1 and 2.)
Once I:} is established, each household with income
below or at this level needs to be supplemented with
transfer payments to reach the level of income that
meets the minimum requirement. (The simplest way
to establish I} would be to estimate direct income-
expenditure elasticities of consumption of nutrients
[e.g., ref. 6, p. 43].) When more than one nutrient is
involved, the one nutrient, Ag, requiring the highest
income level to meet the minimum sets the minimum
income needed, I, for household « That is, each
household with the income I, < I needs to be sup-
plemented (I, — I%). The total cost of this programme
is the sum of all such supplements or transfers across
households, al} with different (I — Iy <O

This policy leads, however, to some “waste.”
When more than one nutrient is involved, the effort
to bring consumption of the “marginal compenent,”
Ay, to the required level causes “excess’ consump-
tion of other nutrients whose minima can be met
through a lower supplement or none at all. In addi-
tion, the income transfer will also lead to an in-
crease in consumption of other goods and services
unrelated to the diet. The potential ‘waste’ asso-
ciated with the income transfer occurs even when
households spend the entire transfer on food.

In general, the smaller the income elasticity and
the {calculated) share of expenditure on the nutri-
ent that is deficient (at the margin), A, the higher
the marginal waste or leakage of the income trans-
fer, because a higher income supplement is required
to bring about the desired results.

The problem stated thus far can be illustrated with
a simple example. Suppose we have 100 households
whose income distribution is as illustrated in table 1.
We further assume that the households consume
three goods, X1, Xz, and X3, of which the first two
inciude the nutrients 4, and As, which are of policy
concern. The three goods have the properties given
in table 2. The minimum requirements are set at 400
units for each nutrient By =400, By = 400. In this
case, only the upper-income group meets all nutri-
tional requirements before intervention. The inter-
mediate group is deficient in A; but not in A;. The

TABLE 1. Income distribution

No. of

households Income (US$)
5 120

55 900

20 1,800
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TABLE 2.

Properties of goods and nutrients

Con:entsﬂ
nutrients
Good Price P; Share in
X Nature (USS$) expenditure o ) &
X Food 3 0.5 10 1
X Food 0.1 1 5
L X Non-food 1 0.4 0 0

TABLE 3. Consumption and nutrition levels

Consumption of Diet - "
Income Income
group (Uss) X Xy X A Ay
1 120 20 6 48 206 50
2 900 150 | 45 360 1,545 315
3 1,800 300 90 720 3.090 750

TABLE 4. Consumption and “waste” levels

Income Level of

Consumption of

‘ “Waste” in terms of

group transfer X1 ‘ X5 ‘ X; ' Ay ! Az ‘ X ] Ay , Aj
t 840 160 48 384 1,648 400 336 1,248 0
2 60 160 48 384 1,648 400 24 103 -0
3 0 300 90 720 3,090 750 0 0 0

poor do not meet any of the requirements; they are
at 50% of the minimum requirement for A, and
12,5% for 4,.
Given these data and the specific demand Function
given in the Annex, part 1, the consumption and diet
levels are established as given in table 3. Based on
the derived “demand function™ for each nutrient, it
is possible to establish that for the poor to achieve
the minimum requirements of the two nutrients, the
following incomes are required:

Iy = US$233
I; = US$960,

for nutrients A; and A4,, respectively. The minimym
income needed to meet minimum requirements of
both 4; and A, is therefore US$9¢0. Accordingly,
the poorest households should receive a transfer
of US$840 and middle-income households US$$60.
The total government outlays would be US$24,300
=60 x 55 + 840 x 25).

The “waste” associated with this policy pro-
gramme is illustrated in table 4. Groups 1 and 2 in-
frease their consumption of Xj, which has no nutri-

tional value, and of nutrient A, above the level that
the government is interested in achieving.

Subsidies

Rather than supporting households directly through
their incomes, the government can support house-
holds indirectly through subsidized food items. {In
the more general case, indirect taxes, ie., negative
subsidies, may be considered to discourage nutrition-
ally detrimental consumption.) The fundamental ad-
vantage of subsidies vis-a-vis income transfers is that
the former might secure better household spending
of the extra resources on the foods nutritionally most
desirable,

It should be noted that the model does not deal
with the so-called Pareto optimum. [t may be easily
argued, however, that subsidies to a range of com-
modities are likely to be less distortive than a sub-
sidy to one particular commodity. The model also
assumes, at this stage, infinite supply elasticities: that

is, alt food quantities can be purchased at going (in-
ternational) prices.
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TABLE 3. Consurﬁption levels by income groups after subsidy

Consumption of

Consumption of

Income Income

group {Us$) X1 X X3 Ay Ay

1 120 32 74 48 400 403
2 900 245 563 360 3,006 3,060
3 1,800 489 2,560 750 7,450 13,289

The government, it is assumed in this model, can-
not discriminate among consumers or limit the sub-
sidy to any particular group. [“Food stamps” are a
form of subsidy to specific income groups. In the
case of food stamps, our discussion would refer only
to the (sub-) population that is entitled to the stamps,
and would consider an optimal combined (income
transfer and subsidy) policy confined to this popula-
tion.] Any product X;, the price of which is P;, may
be subsidized at the level Ci s0 that the effective
price of X; to the consumer is (P;i— Ci). The total
subsidy Sto a household is the sum of all subsidized
items purchased by the household times the vatue of
the subsidy on each item. The total food subsidy for
the economy is the sum of all subsidies across house-
holds. (For a formal presentation of the arguments,
see the Annex, part 3.)

The - government seeks, in this case, 1o minimize
the total budgetary outlay on the subsidy by trying
to support only households with incomes below that
which meets nutritional requirements. If the highest
income group in need of support is identifiable, it can
be argued that only this and lower groups should be
subsidized through food stamps, rather than subsidiz-
ing the entire population. The costs of a food stamp
programme, as compared with an economy-wide sub-
sidy, involve the cost of administration and the possi-

bility that stamps will be traded. These costs need
to be contrasted with the “waste' discussed in this
paper. Clearly, the lower the income level of that
lowest group, the higher the subsidy required to
meet particular nutritional requirements.

In general, the critical parameters that influence
this solution are the size of the target population in
comparison with the entire population that will also
benefit from the subsidy, and the price and income
elasticities that determine how much of the subsidy
will go to improving ihe diet and how much to other
consumption. (For a formal discussion, see the Annex,
part 3.)

Following the specific example outlined above,
which is based on specific demand functions and in-
come distribution, we can calculate the optimal sub-
sidies on goods X| and X3 by finding the subsidies
(C, and Ca, respectively) for the lowest income
groups in need. It can be shown (see the Annex, part

TABLE 6. Levels of subsidies by income groups

Subsidy per Total
Income household No. of subsidy
group (USH) households (US§)
1 174 25 4,350
2 1,319 55 72,545
3 5,337 20 106,740
Totals 100 183,635

3) that with an income of US$120, the minimum re-
quirements can be met with subsidies Cy =1.16 and
C, =184

The overall consumption patierns subsequent tG
the subsidy are as shown in table 5, and the sub-
sidy cost per household and across income groups is
shown in table 6. It is clear from this particular
example that the subsidy, requiring 2 budget of
US5183,635, is a more expensive policy than the
income transfer, requiring 2 budget of US$24,300,
because of the levels of consumption of X, by house-
hoids of high and intermediate incomes, and the rel-
ative sizes of these groups in the population. It is
noteworthy that the main share of the subsidy in this
particular case goes to the highest income Eroup. It
is findings of this nature that lend support to food

stamps.

Subsidies combined with income transfers

As suggested earlier, a combination of subsidies and
income transfers might yield a more efficient policy
programme than either policy alone. This option is
discussed and illustrated here.

Suppose that [y 18 the income needed to secure
minimum requirements for all households under the
income-transfer policy as stated above. This income
{according to our example) is a superior “opening
position” to the subsidies option, which is, in our
case, more costly. (The case in which subsidies are
superior 0 income transfer as an opening position
does not alter the nature of the proposed solution.)
This position is used for commencing an iterative,
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FIG. 1. Income transfers and subsidy combinations

computational trial-and-error process whereby the
income transfer is reduced by marginal amounts and
is substituted by subsidies that retain the same mini-
mum requirements as under the opening position.

The nature of the proposed solution is illustrated
in figure 1. Points bb and cc on the vertical and hor-
izontal axes indicate, respectively, the transfers
needed to secure the minimum requirement either
through income transfers or subsidies, as outlined
earlier. The line bbcc is an “iso-requirements line”
or a transformation line between subsidies and in-
come transfers that shows the combination of in-
come transfers and subsidies that retains particular
levels of nutritional requirements. The 45° line rep-
resents an iso-cost or budget line on which govern-
ment outlays remain the same regardless of the pol-
icy, whether subsidy or transfers. For a slope greater
than 45° on the bbcc curve, it clearly pays to reduce
the transfer and increase the subsidy, as total govern-
ment outlays will decrease. For example, if the seg-
ment oq is smaller than o'g as we move from &b in
the direction of cc, it pays to reduce income trans-
fers and increase subsidies; the government will
save o'q’ without sacrificing nutritional require-
ments. The optimal solution is reached at the tan-
gency point o where the 45° line is tangent to the
iso-requirement line; at this point there is no advan-
tage in moving towards one policy at the expense of
the other.

In practice, the optimal solutions can be obtained
stepwise. For each income transfer, a vector of opti-
mal subsidies is obtained by solving a non-linear pro-
gramming problem, as suggested earlier. We then
calculate the total amount of government support

TABLE 7. Income and subsidy alternatives and combina-
tions (US$)
Total
Minimum Total Total government
income transfer subsidy expenditure
120.00 0.00 127,512.24 127,512.24
170.00 1,250.00 75,441.72 76,691.72
220.00 2,500.00 46,698.70 49,198.70
270.00 3,750.00 39,291.67 43,041.67
320.00 5,000.00 31,166.67 36,166.67
370.00 6,250.00 25,181.31 31,431.31
420.00 7,500.00 | - 20,571.43 28,071.43
470.00 - 8,750.00 16,898.05 25,648.05
520.00 10,000.00 13,891.03 23.891.03
570.00 11,250.00 11,375.00 22,625.00
620.00 12,500.00 9,231.18 | 21,731.18
670.00 13,750.00 7,376.24 21,126.24
720.00 15,000.00 5,750.00 20,750.00
770.00 16,520.00 4,307.90 20,557.90
820.00° 17,500.00 3,016.26 20,516.26
870.00 19,750.00 1,849.14 21,599.14
920.00 21,100.00 794.20 21,894.20
960.00 24,300.00 0.00 24,300.00

Boldface indicates minimum budget that secures minimum nutri-
tional requirements..

]

and find the minimum budget that maintains nutri-
tional requirements.

The “transformation curve”” between income trans-
fers and subsidies for different minimum income
levels according to our example is illustrated in table
7. The minimum budget securing minimum nutri-
tional requirements is attained when the govern-
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ment guarantees an income of about 188820 and
subsidizes Xz at a level of US$0.43. This solution,
taking into account two foods and two nutrients, is
superior to any aforementioned individual policy,
whether subsidies or income transfers.

Summary and conclusions

Both income transfers and subsidies, largely confined
10 a market economy, are innately probiematic in
that some “leakage,” l.e., support 1o some “wrong”
people and for some “wrong” commodities, is inevi-
table. Income transfers are reiatively efficient when it
is easy to identify the needy groups and the income
alasticities for food for these groups are high.

Food subsidies, on the other hand, are intended to
induce consumption of thase items the government is
interested in supporting. In this particular regard,
they have an advantage over income transfers, be-
cause they are-targeted to products rather than to
consumers, especially when the poor are not easily
identifiable. Compared with income transfers, subsi-
dies have, however, several shortcomings. First,
since a subsidy is given to the population at large,
high-income households are subsidized. This prob-
lem is particularly serious when the subsidized items
have high income elasticities and consequently high-
income groups may benefit substantially from the
subsidy. Second, subsidies carry an income effect; the
household can transfer part or all of the subsidy to
consumption of other non-subsidized commodities.
This problem would be relatively serious if house-
holds had low price elasticities for the subsidized
goods. In that case, the quantitative response to the
subsidy would be relatively small, and a larger part
of the subsidy would be shifted to other consumption.

Generally, in a low-income environment where, on
average, the share of expenditures on food is rela-
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Annex

Part' 1. General

The intake of nutrient f can be expressed as a linear
function of the consumption of n food items X

i=1

where t; is the amount of nutrient A; in food item X;.
It is possible to substitute for each nutrient 4; and
get m inequalities for m nutrients:

Z ti,-X; z Bj, . (2)
i=1
where Bj is the minimum requiremeht of nutrient j.
If the demand function for each X;, as suggested
by Lancaster [9], is

Xi :xj(j}',Plg---,Pn+I}; * (3)

whére X,, is a compaosite good of all non-food
items, then the demand function for each nutrient
Aj is

Af = Zl‘jjxj(lj*,.Plj...,Pn+1) ZB','. ) (4)
i=1
For simplicity and the specific llustration (in the
text), it is assumed that all households share the
same “Caobb-Douglas”-type utility function:

Xy =0 (I/P), ' (3)

where X; is the level of consumption of X; for the
price P;, and «; is the share of total household expen-
diture on food X;. This function implies that all de-
mand functions have unitary price and income elasti-
cities and that all cross-elasticities are zero. As
implied by this function and in general, the house-
hold can be influenced to change its consumption le-
vels of X; by changing either income [ or price P;, or
both. Accordingly, the “demand function” for each
nutrient A; is

Ai=1Y (o/ Py, | (6)

i=1

Part 2. {ncome transfers

According to equation (4) in general, and equation
(6) in our specific case, it is possible to identify the
income level [} that yields A; = B; for each nutrient.
To achieve minimum requirements across aff nutri-
ents, the highest value, I}, of all I is needed; that
is,

I3y = Max({}}, {7)

so that when the household’s income is I, its con-
sumption is

A= B ' (8)
for ail nutrients except Ay, for which minimum in-
come [; will produce an equality in relationship ().
For most nutrients, an inequality would exist in this
relationship. _

Let us assume that the households’ income distri-
bution is given by the density function F(I). That is,
for each level of income f, we can find the percen-
tage of households below this level by the integral:’

r F()dI, (9}
]

and the share of population between any two levels,
e.2., Il and Iz, by

L :
J FiD)dl. o)
1
Accordingly, total government outlays (77T) for all
I < I, under this policy are
L
TT=LJ (I —DFI I, (1)
o
where L is the number of households in the econ-
omy.

Part 3. Subsidies

The total subsidv to a household with income [ that
benefits from # subsidized goods is

Sﬁzcixj_(-I:Pl*Cl:---.-Pn_CmPnH) (12)
i=1 ’
and the total foed subsidy (7'5) in the economy for L
households is

TS=LY Cx{l.P1—Ci,...,Py—Cp, Prp1).
i=l
(13)

In this case the government seeks a vector of
subsidies {Cgi....Cen; Cgi = 0] that will secure the
minimum requirements for the highest income
group 1n need whose income is Iy so that

n
Ay = tixi(lo, Py~ Caroo o, P = Con, Part)
=1

> B. (14)

As the total budget for the subsidies depends on
the specific vector of subsidies [Cg], the solution in-
volves seeking the vector with the lowest budget
{T5,). The minimization of function (13) subject to
the set of constraints represented by (14) is a non-
linear programming problem that has a solution so
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that
TS, = Min TS({Cg])- ' (15)
The specific demand function for each good i§
X, = (ak)/(P. = C) = Vila (16)

where V; = o;/(Pi — C:) and [, is the average level of
income in the economy. With this demand function,
which is shared by all households, the minimization
problem for L households becomes

MinZ=LY CX= LI, (Z AT 1). Coan
i=1 i=1

This objective function (17} is minimized subject
to the minimum requirements to be met by the low-
est income group with an income Jp:

A=L> 4Vi=8  (j=I..m) (18)
i=1
In our example, the constraints for the lowest in-
come group with an income of US$120 are
120(10V, + V) =400

These yield V7 = 2718 and V; = .6122, and optimal
solutions for subsidies: C; = 1.16 and C; = 1.84.

Part 4. A combined strategy

Form;ally, let us reduce I* by 8I* so that we get I",
i.e.,

M =1 —38r. (19
[** is the “new” lowest income level in the popula-
tion. The gross saving to the government in transfer
payments is :

GS = r" [ = I*JE(D dl. | - (20)
0

*Note that LY XiCi=LY, V,I,C;. From the definition
of V., it foliows that. ViP;~ViCi=a and ¥, ViCi=
S, ViP; — 1'because 3, a; = L from the definition of the uti-
lity function. .

The reduction in the transfer payment leads to an in-
creased subsidy payment to retain nutritional objec-
tives. The new value of the subsidy C;* for the new
minimum income /** is established by solving the
problem

Min Z;(I",Pl —Cye Pa— G Pan)CE
i=
(21)

subject to the m constraints

Z:jfxi(z*',Pl — Gy Py = G Pra} 2 B
i=1
(22 .

The solution of the problem for nutrition levels B;
for income group [** is an optimal vector [C}*].

The additional subsidy needed for income group
7™, and as a resuit for the entire population benefit-

ing, is

§S=L|1— f F(I) dll

d
:

S (P =Chre o Ba—Ci P,,H)c;]}
i

[Zx.-(l”, Pi=Cl o P G Pan)CF }

i=1

i
o0
I

_ +Lj FiDdl

x{[Z(I, P -ClB—C3' . B C;*)C;“}

=1

i=1

: —{ix,-(r, PL—Cj oo Pam c;)c:]}. (23)

The first term of this equation is the additional
subsidy needed for those with income I** as a result
of the reduction in transfer payment. The second-
term in the last equation indicates the additional
“leakage” in subsidies to those people whose in-
come is above I**. For as long as GS is larger than
§5, subsidies are more efficient than transfer pay-
ments, and the process continues.




