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I. Introduction
A growing body of literature has examined the interaction between
nutrient intake, household income, and nutritional status in LDCs and
has made policy recommendations on how to improve nutrition based
on empirical studies of food expenditure systems at the household
level. Recent studies include those by D. F. McCarthy, K. N. Murty
and R. Radhakrishna, J. Strauss, M. M. Pitt, and J. R. Behrman and
A. B. Deolalikar.! The recommendations derived from their analysis
depend critically on the definition of nutrition used in those studies.
In this article, we suggest that the definitions uscd in the above
studies are unsatisfactory and in Section 1I we propose an alternative
definition. This is followed by a comparison of the implications of the
different definitions for the income elasticity of nutrition in Section 111,
for nutrition standards and malnutrition in Section IV, and for policies
designed to improve nutrition in Section V. We intend hereby to fur-
ther elucidate the nature of the relationship between nutrition, nutrient
intake, income, and other vaiiables discussed below. The policy impli-
cations are found to differ significantly for urban and rural areas. Sec-
tion VI is the conclusion.

II. Definition of Nutrition

The studies of Murty and Radh=krishna, Strauss, and Pitt estimate
food expenditure systems for a small number of food aggregates. They
generally obtain income elasticities of nutrients somewhat smaller than
but not significantly different from one. These are derived indirectly by
estimating the income elasticities of food expenditures (also found to
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be close to one) and by assuming constant nutrient-to-food conversion
factors.?

The constant nutrient-to-food conversion factors imply the follow-
ing relation between food expenditures, nutrient intake, and non-
nutrient food attributes in those studies:

n=afF, qg=( - aF, (D

where F = food expenditures, n = nutrient intake, ¢ = non-nutrient
food attributes, and « is a constant between zero and one.
If n and g are vectors, then

Il,'=(l,F.qj=YjF;£1(!,'+Eij= l, (l,)

and «;, v, are non-negative constants.

Then, denoting the elasticity of X with respect to income, ¥, by
€yy, and given their finding that ey = 1, these studies conclude that €,y
= ery = |, since €,y is assumed to be zero (i.e., since the nutrient-to-
food conversion factor is assumed not to vary with income). It also
follows that ¢,y = 1.

In their article **Will Developing Country Nutrition Improve with
Income? A Case Study for Rural South India,”" Behrman and
Deolalikar examine the impact of income on nutrition. However, their
findings on nutrition, N, are based on an empirical analysis of the
income elasticity of nutrient intake, €,y, rather than of nutrition, eyy.

The implicit assumption of equality of €,y and ey is that nutrition
is directly proportional to nutrient intake and is not affected by other
food or nonfood attributes; that is,

N = Bn, (2)

where N = nutrition and B is a positive constant.

By grouping 120 foods into six food aggregates, Behrman and
Deolalikar replicate the methodology of studies that derive e,y indi-
rectly from ey as well as derive €,y more directly from the nutrient
content of these 120 foods. They find that ey for the six food aggre-
gates is close to one (0.8 or higher), while for nine nutrients the elas-
ticities €,y are close to and not significantly different from zero. Ac-
cording to equation (2), this implies exy = 0. Their explanation is that «
in equation (1) does not remain constant as income and expenditure on
food increases but, rather, that it falls, As income increases, a larger
proportion of food expenditures is spent on non-nutrient food attri-
butes such as diversity of products consumed, freshness, taste, conve-
nience foods that save time in their preparation, and others. Similar
results were obtained for Pakistan by McCarthy, who finds that as
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income rises, increases in food expenditures are allocated mostly to
quality rather than quantity.?

We belicve that neither definiiio: 's anpropriate (except perhaps
as a special case, as explained belcw). The nutrition level or nutritional
status, N, of a household depends only in part on its nutrient-intake
level, n. 1t also depends on other priy ately and publicly provided goods
and services. In other words, the concern about nutritional status
should be with the nutrition-output level, N, rather than with the level
of nutrient inputs, n, which enter the nutrition production function, N.

We propose the following alternative definition for the nutrition
production function:

N = N(n,q,p, k. H; S, A, L), €xn. €ny. €npe €y € > 0, (3)

where
n = vector of inputs of nutnents.
g = vector of inputs of non-nutrient food attributes,
p = vector of other privately provided inputs,
k = vector of publicly provided inputs,
H = health status,
S = sex,
A = age,

L = urban or rural location, and
where n, g, p, and k are lag polynomials in those variables, reflecting
the effect of current as well as lagged values of thosz variables.

We argue that nutrition depends not only on nutrient intake, n, but
also on non-nutrient food attributes, ¢, on nonfood privately and pub-
licly provided inputs, p and &, and on health status, H.*

The non-nutrient food attributes ¢ that may affect nutrition, N, are
the freshness of the food products purchased, their cleaniiness, their
storability or shelf-life, and so forth. The privately provided inputs, p,
which may affect NV are the time and care to prepare food, including
cleaning, cooking, boiling water, and other inputs (refrigerator) that
ensure that the food does not get contaminated or spoiled. The publicly
provided inputs, &, would include sewerage, potable water, electricity,
nutritional information, and so on.® The absence or low level of g, p,
and & may cause food products to become spoiled or contaminated.
This may lead 10 some reduction in the degree of absorption of nutri-
ents or, worse, to gastrointestinal and other diseases (a fall in H) ac-
companied by drastic reduction in the degree of nutrient absorption
and thus to a reduction in the nutritional status, N (for a given level of
nutrient intake, n).® Finally, a fall in 4 due to causes other than a fall in
n, q, p, or k {(say, because of a reduction in medical services) will result
in a fall in N.”

We also posit that as the level of nutrient intake, n, falls to very
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low levels, the impact of nutrients, n, in raising nutrition, N, becomes
increasingly important while the impact of non-nutrients on N falls;
that is,

3*Nlon* < 0 and aN/dx — 0 as n — 0 for x = g, p. k. (3"

In other words, in a famine (and for a level of cleanfiness of food
and water such that nutrients are absorbed) the impact of non-nutrients
on nutrition would tend to zero, and only an increase in nutrients,
especially the basic ones (calories and proteins), would have a
significant impact on nutrition, N. Thus, equation (2) is a special case
of equation (3) that is valid only in the extreme case of famine. with 8
being an upper limit of 9N/an for very low levels of n, and declining as n
increases.®

In the case of famine, all food expenditures will thus be allocated
to nutrients, and equition (1) {or (17)] is valid in this case, with « (or
Xa,) equal or close to one. Consequently, equation (1) or (1) as well as
equation (2) are only valid approximations in the case of famine. And in
that case, €,y = exvy = €y = 1.0

In a broader sense, the variable of concern is the welfare or well-
being of the houscholds in question. An important component of
houschold welfare is the health status, H. of its members, which de-
pends in part on their nutritional status. N. The health production
function can be represented by

H = fI(N‘ P, /\'. m, S. A, L), €1 €tips €4k €4pm > 0. (4)

where m is a vector of current and lagged values of additional inputs
affecting health, such as medical services. information on hygiene and
child care, and other. Health depends on p and 4 directly as well as
indirectly through their effect on N.

Since .V und /1 depend positively on current as well as lagged
values of their arguments, the long-run elasticities will tend to be larger
than the short-run elasticities. Also, the functions N and H may vary
according to sex, age, location, and other individual characteristics, so
that the clasticitics of N and H with respect to their arguments may
also vary according to those characteristics.

II1. Income Elasticity

Behrman and Deolalikar have established that even at low-income
levels €,y = 0. Equation (3) implies that the income elasticity of nutri-
tion, N—exy—depends not oaly on the impact of income on #n, but also
on its impact on g, p, k (and H), and on the impact of those variables on
N. From equation (3), ey is:
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— r ' -
ENY = €Nn€ny T ENgEqy T ENpEpY T ENk Exy T ENHEHY (5)

=A + enneur
and from equation (4) the income elasticity of health status 18
€y = ENENY * EHpEpy T €K€Y T ENmEmy = EUNENY T B, (6)

where €' is a row vector.
Solving for €,y and ¢y from equations (5) and (6), we obtain:

~ A+ EN”B B + eunA
€Eyy T . €y =
1 — expenn

)

| — ennenn

We postulate that e,y. €y, €. €,y > 02 that is. an increase in
income will tend to be accompanicd by an increase in the demand for
fr.0d quality such as freshness, cleanliness, and taste of the purchased
foods, ¢, in care in preparing food and in use of houschold appliances
such as refrigerators, p: and increased availability of sewerage sys-
tens. electricity, potable water, and so forth, &.'% Also, richer house-
holds will use more medical and other health-related services and may
provide better health-related child care, m. Thus, A > 0and B > 0,
which implies:

EnY > 0, €1y g 0.” (8)

Consequently, if nutrition is interpreted according to equation (3).
then the impa:t of income on nutrition, N, may be significant, even
though nutrient intake, n, remains unchanged or increases only
slightly. Furthermore. if the ultimate concern is with improving the
health status, H (N being one input in the production of ), then again
the impact of income on H may be quite important. 1f €,y = 0 and €4y
= 1, it follows that €,y > 1. The fact that e,y > 1 implies that non-
nutrient food attributes are luxuries at those income levels. However,
whether eny and €,y are larger or smaller than one must await empirical
analysis.'? Clearly, if the functions N and H differ according to individ-
pal characteristics such as sex and age, so will exy and €y, and these
factors should be accounted for in the estimation of income elasticities.
Furthermore. since income affects ¢, p, & and m. and since N and H
depend also on the lagged valuves of these variables. eny and ey will
tend to be larger in the long run than in the short run.

IV. Individual Preferences, Standards, and Malnutrition
Even in poor regions such as rural India, C. H. Shah and, more re-
cently, J. R. Behrman and A. B. Deolalikar found that as income
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increases, households demand a wider variety of food products with a
larger quantity of non-nutritive attributes (e.g., freshness, taste, pro-
cessing, cleanliness, etc.).'? The actual increase in nutrient intake asso-
ciated with increases in household income is not significantly different
from zero. This could lead one to believe that increases in income will
not lead to improvements in houschold nutrition. This is, in fact, the
interpretation of Behrman and Deolalikar, as reflected in equatior, (2},
They view the lack of increase of nutrient intake in the face of rising
income as a problem to be resolved by policy.

Such interpretation overlooks the fact that households have the
choice of spending increments in food expenditures on nutrients, n, but
prefer to spend it on other food attributes, q. Subject to the existing
policy and informational constraints, and starting at very low income
tevels, housenolds choose to spend additional income on non-nutrient
food attributes, ¢, rather than on nutrients, n."* This would seem to
indicate that, rather than suffering from a lack of nutrients, they prefer
even at very low income levels to spend their money on non-autrient
food attributes. In fact, depending on which elements of 4 4re chosen,
their choice (of g rather than n) might even lead to an increase in
nutrition, N, or health, #.'*

It hus become common practice to estimaie the number of the
hungry and the undernonrished by comparing caloric and other nutri-
ent intake with requirement norms. For instance. Behrman and
Deolalikar characterize their samnple households as being malnourished
because they tend on average to consume 80S% of the recommended
daily allowance of nutrients (as in C. Gopalan, et al.).'"" However, as
noted above, imposing nutrient-intake standards to measure nutritional
status, N, implies that, in addition to ignoring the impact of inputs ¢
and p on nutrition, N, no weight is given to houschold preferences.
Moreover, nutritional requirement standards have been questioned by
several authors.

Forinstance, F. V. Sukhatme and later T. N. Srinivasan argue that
the use of average nutrient requirements as the criterion for classifying
a person as undernourished cannot be justitied, while T. T. Poleman
argues that measurement and methodological problems lead to under-
estimating nutrient availability and overestimating nutrient require-
ments."” This is confirmed by S. Bhalla." Bhalla used the data from a
Health and Nutrition Examination Survey of over 20,000 people con-
ducted by the U.S. Department of Health, Education, and Welfare in
April 1971 and June 1974 to show that, according to FAO/WHO norms,
67% of U.S. males and 80% of U.S. females have a calorie intake
below requirements!

Even if the figures about the millions of undernourished were cut
by a half or a third, the magnitude of the malnutrition problem in LDCs
remains alarming. But the fact that nutrient intake does not increase
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with income is not in itself a cause for concern. Rather, the opposite
may be true, as it may indicate dietary adequacy in the sense that these
households can increase their intake of nutrients but prefer to spend
additional income on other food attributes. Only in the extreme case of
famine, with all income spent on the cheapest foods (starchy staples),
would the level of nutrient intake, n, be a relevant measure of nutrition,
and raising that level would become the social priority.

V. Policy Implications

Behrman and Deolalikar conclude that in order for income to have an
impact on nutrition, policies must be designed to raise the income
elasticity of nutrient intake, €,,y. It would seem to us that a more impor-
tant policy objective would be to raise the level of nutrition, N (or
health, H) and, in case of famine, to raise the nutrient-intake level, n,
of the poorer houscholds.

McCarthy and others have suggested that policies directed at im-
provement in nutritional status could in fact be based on these quality
effects, given that as income increases, much of the increase does not
20 to increased quantity. His suggestion is 1o tax the high-priced variet-
ies within the various food groups (i.e., varieties with high ¢ content)
and subsidize the low-priced varieties within the same food groups. A
problem with such a prescription is that it assumes that ex,, in (3) above
is close to zero. What the net effect of such a proposal on N will be is
an empirical question. It depends on ex, and €, and a priori there is no
reason to expect that the net effect on N will be positive.

Education may play an important role in the nutrient-intake level,
n. One might also expect the nutrition-related and health-related child
care to improve with the level of the mother's education. P. Pad-
manabha finds that infant mortality falls both in rural and urban areas
as the literacy and formal educat‘onal level of the mother increases.'
The evidence, though, may not be entirely conclusive, as income may
be positively correlated with the mother’s education and was not con-
trolled for. As for the impact of ¢ducation on nutrition, M. Garcia and
P. Pinstrup-Andersen find that the mother’s education strongly affects
the food consumption and nutritional status of preschoolers.™

If the concern is with the production of health, H. and taking
infant mortality as one indicator of 4, P. Padmanabha argues that in
rural areas in India the main causes of death zre tetanus, pneumonia,
dysentery, and typhoid, which are mainly conditioned by the absence
or availability of basic facilities of reliable water supply, sanitation, &,
and basic child care services, m. so that nutrient intake does not seem
to be the major factor. This confirms the resuits obtained by T. Cas-
taneda for Chile.?! Thus, governments may have to increase the level
and quality of k and m in order to have a lasting impact on nutrition and
health.
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Providing information and education on hygiene and child care
may also be effective ways of raising nutrition, N, as wcll as health, H
(by raising ¢q, p. and m). For instance, provision of information via
television has been very successful in raising p and m in Chile where
the literacy level and TV availability is high. Where literacy level or the
availability of TV is lower. direct demonstration may be necessary.

Also. policies have been designed to raise the nutrient content of
some foods or food ingredients, such as food fortification programs
(e.g.. vitamins added to wheat flour, iodine added to salt, etc.). These
programs lead to an increase in *he level of nutrition, N, by raising »

In order to devise effective policies designed to raise the level of
nutrition and health for the poorer households, research efforts should
be directed at the empirical estimation of the production functions N
and H and thereby of the effectiveness of the various programs at the
government’s disposal, as well as estimation of the costs of those pro-
grams,

Finally, one would cxpect that the parameters of the N and H
functions differ according to age, sex. income class. and rural and
urban characteristics. The estimation of those parameters is part of the
research agenda. But the rural/urban distinction could raise a particu-
larly complex policy issue. For governments to provide m and & in
urban areas is probably considerably less expensive than to provide it
for rural areas.”* On the benefits side. the effect on N and H of increas-
ing the level of m aud & is probably higher in urban areas. considering
that the lower population densities in rural areas would reduce the need
for publicly provided sewers, drinking water, and other such services.

Thus, if the low levels ot N and f{ are a social concern, raising
those levels in urban areas by increasing expenditures on & and m may
be an efficient public policy. However, this may very well not be the
zase for rural areas because of higher costs and lower benefits of pro-
viding & and m. What then is the prescription tor rural areas, if the
implication is that their nutritional and health status will then largely
depend on the levels of p and ¢. which are provided by the households?
These levels depend on income, so that raising rural households' in-
come can raise their nutritional and health status. We have come back
then to the long-debated question of how best to raise farm income.
One way would be to reduce the taxation of agricultural production
caused by both sector-specific and ececnom;-wide policies in LDCs.*?
Another would be to increase expenditure on those factors that raise
farm and labor productivity.

V1. Conclusion
We have argued (1) that the variable to be concerned with is not nutri-
ent-intake level, n, but nutritional status, N, or health status, H, and
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that N and H depend only in part on n and will tend to increase with
income, even if n does not; (2) that in the absence of extreme corner
solutions (c.g., famine and starvation), findings such as €,y = 0 and n
being below some nutrient standard are not necessarily a sign of malnu-
trition but, rather, may be reflections of houschold preference;™ and
(3) that raising €,y may not be as imporiant as raising the level of N and
H for the poorest households by adding nutrients to the foods that they
consume most; by providing them with nutritional information that will
raise n and some of the privately provided inputs, p; by providing them
with k (sewerzge, electricity, potable water) and m (medical services,
information on hygiene and child care. and other health-related inputs),
and by raising the mother’s level of education.

Behrman and Deolalikar, McCarthy, Strauss, Shah, and others
have examined the relation between income, Y, and nutrients, n. Addi-
tional research aimed at determining the nature of the production func-
tions N and #, of the relationship between Y and privately provided
inputs, p and ¢, and of the costs of raising A and m. should help
authorities identify and select cheaper and more efficient programs
designed to raise the nutritional and health status of their poorer house-
holds.

This article presents a framewcrk to help in the evaluation of
public investment programs designed to raise N and H. The empirical
estimation of the N and H functions for the various groups (by location
[rural/urban], age. sex) in different countries is a logical next step.
Such research design should consider explicitly the privately provided
inputs, p and ¢. as well as the state of the publicly provided inputs, &
and m.

Health and nutrition public intervention programs otten aim at
raising m and k. The parameters from the N and H functions are neces-
sary to estimate the benefits of raising the various clements of m and &,
including the benefits of the changes in the privately provided inputs,
p. q. and n, as a result of the higher levels of m and k. The costs
associated with those changes also should be estimated.

The costs and the bencfits of raising m and &k could vary
significantly between rural and urban areas. We might expect that pro-
viding addiuonal & and m (such as sewerage, drinking water, and
health-related information and services) would be more costly per per-
son in rura) areas because of the lower population density, and the
benefits could be considerably lower (e.g., see n. S above). Thus, the
efficient policy for rural areas might be to reduce the rate of taxation of
agriculture, a policy found in most developing countries. This would
not only improve intersectoral resource allocation but, by raising in-
come in the agricultural sector, it would lead to increases in p and g and
thus in N and H.**
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milk to infants and preschoolers is not a major factor.

22. In rural areas, sewers, drinking water, and information (e.g., direct
demonstration) would have to be provided over large areas, which would make
the provision of such services per household very costly.

23. An analysis of the impact of those policies for 18 developing countries
is provided in A. O. Krueger, M. Schiff, and A. Valdes, **Agricultural Incen-
tives in Developing Countries: Meusuring the Effect of Sectoral and Econo-
mywide Policies,' World Bank Economic Review 2, no. 3 (September 1988):
255-71.

24. Behrman, Deolalikar, and Wolfe recognize that possibility in their
1988 article (n. 9 above).

25. First, the relative costs and benefits of raising k and m in urban and
rural areas (as well as the functions N and #) require empirical verification.
Second, reducing the rate of taxation of agriculture (either direct, sector-
specific taxation or indirect taxation due to overvaluation of the real exchange
rate or industrial protection) will raise income for agriculture as a whole since
the sector is a net seller of agricultural products. However, the income effect
on small farmers who are net buyers of food is ambiguous, as the higher food
price accompanying reduced taxation would raise the cost of their food pur-
chases on the one hand but, on the other hand, would raise the demand for
their labor.



