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Are estimates of calorie-income
elasticities too high?
A recalibration of the plausible range
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The wide range of calorie-income elasticities in the literature results, in large parti, {rom the
particular calorie and income variables used for estimation. Elasticities across four estimation
techniques and four calorie-income variable pairs for a sample of Philippine farm households,
ranged from 0.03 to 0.59. Estimates associated with calorie availability are biased upwards, first,
because random errors in measuring food purchases are transmitted (by construction} both to
calorie availability and total cxpenditures, and second, because the residual difference between
family calorie intake and houschold calorie availability will often increase with income. The
calorie intake-total expenditure variable pair gives the preferred elasticity estimate in the 0.08-
0.14 range.

1. Introduction

What effect do increases in income of the poor in developing countries
have on their levels of calorie consumption? While accurate measurement of
calorie-income elasticities is fundamental to sound nutrition policy analysis,
the literature has produced a perplexingly wide range of elasticity estimates
for this relationship at the household level (see table 1). This has led to
contradictory policy conclusions [for a discussion, sce Behrman (1988)].
Initial estimates in the literature tended to be high (often above 0.4), which
led to a policy conclusion that increasing income is a sufficient condition for
better nutrition. More recently, estimates have appeared which are much
lower [in one case not significantly different from zero, Behrman and
Deolalikar (1987)], suggesting that increasing income may not be a sufficient,
and possibly not even a necessary condition, for nutritional improvement.

We argue in this paper that much of the variation in calorie-income
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elasticity estimates can be explained very simply by the particular calorie and
income variables that are used in the regression analysis. Specifically, we
focus on the expected relationships between four possible pairs of dependent
and explanatory variables, calorie availability and calorie intake (alternative
dependent variables), and total expenditures and current income (alternative
explanatory variables).

Two key points will be made. First, any random errors in measuring food
purchases are transmitted (by construction) both to calorie availability and
total expenditures resulting in correlation between measurement errors for
these two variables, which in turn leads to an upwardly biased estimated
coefficient in total expenditures using ordinary least squares (OLS). Second,
the residual difference between family calorie intake and household calorie
availability will often increase as a percentage of total food expenditures as
income increases. If this is the case, then systematic underestimates of meals
served to non-family members will be positively correlated with any incomic
variable, and this will also result in an overestimate of the true elasticity,
which cannot be climinated (and may even be exacerbated) by use of
instrumentn! variahie (IV) or panel estimating techniques.

In earlier studies presented in section 2 of the paper, data availability
constrained the regression analyses to one pair of variables, ofien calorie
availability and total expenditures, because of cost considerations (expendi-
ture surveys are less costly to administer than calorie intake and current
income surveys) and research considerations (total expenditures are thought
to measure permanent income more accurately; Friedman (1957)]. Our data
set, collected for rural households in the Philippines, allows for a comparison
of estimates obtained by using all four calorie and income variable pairs
mentioned above. Depending on the variable pair and estimziing technique
used, elasticities range from 0.03 to 0.59.

For reasons elaborated in section 3, which develops simple mathematical
expressions that highlight the various econometric problems involved in
estimating the calorie-income relation, we opt for the calorie intake-total
expenditure pair as the most approoriate variables for measuring how
household calorie intakes change with micome. These elasticity estimates,
ranging from 0.08 to 0.14 at the low end of estimates obtained, are nresented
in section 4. Final conclusions are drawn in section 5.

2. Previous estimates of calorie-income elasticities

Table 1 illustrates the wide range of calorie-income elasticity estimates
obtained from several low-income samples. Confusion arises in reaching
policy conclusions considering that the studies in table 1 involve: (1) calorie-
income relationships derived using all four variable-pairs mentioned ear-
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lier;' (2) estimations at different levels of food data aggregation; (3) different
estimation techmques; and (4} data drawn from diverse populations.

The elasticity estimates in table | are presented in descending order of
magnitude. There is a tendency for the larger elasticities to be derived from
calorie availability and total expenditure data. However, it is difficult to
isolate the effect of the calorie data source and the measure of income used
upon the magnitude of the estimates obtained, because each data source is
associated with a different level of food aggregation.

In one of the first studies to question high calorie elasticity estimates,
Strauss (1984) suggests that the high level of food group aggregation is the
main culprit. Houschold expenditure for a food group aggregate may
increase substantiaiiy in response to higher income, without a proportionate
increase in calorie intake because of within-group substitution toward more
expensive calorie sources. Behrman and Deolalikar (1987) expand on this
aggregation theme by introducing the concept of ‘direct’ (conversion of food
group quantities into aggregate calories before estimation) and ‘indirect’
(computing a weighted average of food group expenditure elasticities after
estimation) calorie-income elasticity estimation.

Behrman and Deolalikar calculate calorie-income elasticities for the same
households from two different data sources: (1) calorie intake, from a 24-hour
recall of 120 foods estimated as a function of predicted total expenditure; and
(2) food group expenditure regressed on predicted total expenditure in a
nonsystem framework, for only six aggregate food groups. They find that
while the direct nutrient elasticities are not significantly different from zero,
the indirect nutrient elasticities are close to one.

The authors attribute the difference in magnitudes to the fact that the food
group calorie conversions are fixed across all households and, therefore, do
not take account of intra-food group substitution as argued above. While the
impression is left that the indirect method is intrinsically unsound, its only
real failing appears to be that it has to be implemented with incomplete (very
aggregate) data. We will argue below that use of calorie intakes to implement
one methodology and use of calorie availability to implement the other is an
additional factor explaining the divergence in elasticity estimates, perhaps of
greater importance than the aggregate bias.’

A variety of econometric techniques have been used in the literature to
control for simultaneity bias due to behavioral endogeneity, measurement

The qualitative and quantitative differences between food availablilty and food intake data
are well documented [Burk and Pao (1976)] as are the differences in what total expenrditure and
household income measure in a cross-sectional study [Anand and Harris (1985)].

2Price paid per kilogram for rice and corn, the two primary staples consumed, varied oaly
slightly by income group for our Philippines data set. Both hecause the level of food group
disaggregation is greater than 50 for both calorie variables and because quantity information is
available for both calorie variables, we do not expect aggregation bias to be large relative to the
other sources of bias discussed in this paper.
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error, and household heterogeneity (again see table 1), which may explain
some of the variation in the estimates. Assuming an appropriate instrument
is available (an assumption we later scrutinize), instrumental variables
(specifically two-stage least squares) may be employed to wash out this
simultaneity bias. In addition, panel techniques can be used to account for
household heterogeneity. The panel nature of the Philippine data set, and the
availability of a range of instrumental variables, makes possible the imple-
mentation of estimation techniques such as within (fixed effects) estimation,
and panel-based instrumental variable techniques. These econometric con-
siderations are discussed in detail in section 3.

3. Econometric considerations in estimating calorie—income elasticities

Let £ and X represent generic terms for calorie consumption intakes and
income, respectively. Assume that these are the true values without measure-
ment errors. Two available proxy survey measures for X are TE, household
total expenditures, and Y, household current income. Two available survey
measures for C are CI (family calorie intakes measured from a 24-hour
recall) and CA (household calorie availability as measured from a food
expenditure questionnaire). CA needs to be adjusted for various sources of
leakages, L, to be a direct measure of C. If this adjustment is not undertaken,
the houschold calorie availability elasticity will usually differ from thc family
calorie intake elasticity. To see this:

CA=CI+L, 93]

where L is the sum of leakages due to plate waste, loss in cooking and other
food preparation, feeding of animals, and feeding nonhousehold members
such as guests, hired farm laborers, and servants.

Differentiating (1) with respect to X and expressing the result in terms of
elasticities gives

__aL/caca .
Nca, x 'lcn,x——‘—ax CIX' (2)

If L is assumed to be a constant absolute value for all households, then
Nca.x —Na,x <0. However, data to be presented below suggests that food
eaten by non-family members increases as proportion of total food pur-
chases, so that ncs x— ¢, x>0 holds empirically. The studies cited in table 1,
which used CA as a proxy for C, are mostly silent on the issue of what types

of adjustments were made in the food expenditure surveys to account for the
various components of L.
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In general, we want to estimate
C=a+bX+Z'd+v, (3)

where Z is a vector of sociodemographic independent variables which we will
assume are measured relatively accurately and so, for convenience, can be
dropped in the derivations that follow; ¢ is an intercept term; and v is a
random error term such that E(v) =0, and cov(v;)=0 for i# j; =62 for i=j.

3.1. Income variables: The standard case of OLS bias towards zer. due to
random measureinent error

Letting e represent an error term in measuring X, such that E(e)=0, and
Var (e)=02, the familiar result can be derived that

2
—ba;

lim by s=b+ .
p OoLS ol+el+ 20x .

(4)

If X is the only explanatory variable measured with error, the direction of
the bias on bg;s is unambiguously toward zero. Because more thar one
explanatory variable may be measured with error, to conclude that by, is
biased towards zero relies on the assumption that Y and TE are the only
variables that are measured with any significant error.

For all estimations presented in this paper, the set of explanatory variables
used (in addition to TE or Y) are the number of houschold members,
percentage of total household members falling into various age and gender
categories, survey round dummies, population density of the municipality in
which the household resides, dummies for mother’s and father’s years of
schooling, father’s age, and real barrio rice and corn prices. This group of
explanatory variables used in our estimations represents a fairly standard set
of Engle curve regressors and the estimated coefficients (reported in Appen-
dix A) on the income variables (TE or Y) are robust in magnitude, sign, and
significance to variation of 2SLS cxclusion restrictions. These regressors are,
by nature, less susceptible to measurement error than the income variables,
and exogenous to the household in the short run. Hence, we are confident
that the direction of the biases on bo s due to measurement error will be
fairly well defined.

3.2. Commenality of measurement error: OLS bias wpwards?

The downward bias on by, holds when C is calorie availahility or calorie
intake, and X represents current income. It is the combination of calorie
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availability on the left-hand side together with total household expenditure
on the right-hand side that results in a departure from this general rule of
thumb, because of the commonality in error terms between the dependent and
independent variables.

In deriving a complete expression for the bias due to this commonality in
error terms, it is necessary to consider five separate potential sources of
measurement error shown below (erg is decomposed into the first two
sources):

erg =the error in measuring household food expenditures (FE);

enye = the error in measuring household non-food expenditures (NFE);

ep =the error in proportion of household food expenditures being fed to
guests (PG);

epw =the error in proportion of household food expenditures being fed to
workers (PW);

eo. =the error in measuring leakages other than food expenditures going to
guests and workers.

The simplification assumption is made that leakages due to meals fed to
guests and workers dominate other leakages so that eo, may be ignored. It is
necessary to distinguish beiween meals fed to guests and meals fed to
workers because meals fed to workers are a production expense which need
to be subtracted from TE.

Letting k equal a multiplicative factor which converts total focd expendi-
tures to calories and denoting an observed variable with an asterisk, we can
write

CA*—L*=a+b-TE* +v*, (5)
where

U*=[k(l—‘PG*—PW*)—'b]eFE—beNpE—'CA(epG+epw)
+b(FE)epw +0.

For illustrative purposes, using terms that dominate the magnitude of the
bias empirically, we can write

[k(1—-PG—PW)— b]a,fFE
7 2 . (6)
e+ Oorp +201E, ¢ pp

p]im EOLS = b +

The measurement error component of the bias due to CLS estimation of b
in (6) will be upwards provided [k(1 — PG—PW)—5]>0. The multiplicative

3Full expressions t:or the potential biases are develcped in an appendix available from the
authors. This appendix also contains the results of various specification tests; see section 4.2.
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factor k represents the calories mzde available on average for each peso spent

on food, whereas b represents the marginal change m “f.atmly calorie
availability for every exira peso of iotal expenditure. Both because
(PG*+PW?*) is relatively low (5.8% at the mean of the data; table 3), but

more importantly because households purchase more expensive sources of
calories at the marcin, we are confident that I'HI_DF PW)Y __hl~O for

wisaANs A AW PEAIW 2asloipmAsly VYW @AW WWAIRAWMWALE GAZERE & FFr y o v iVR

most of our households.* The same exercise for the CIL, TE pair drops the
first term in the brackets of the numerator of (6), so that the direction of the
bias is negative as in (4).

3.3. Upward bias due to imperfectly measured leakages

Based on data to be presented later, we expect cov(epG, TE), cov(epw, TE)

AAAAAAAA J S PP
uuvu:pc,, Y), and uuvaw, Y} to be negative, which is an additional source of

bias iiaiug OLS. This leads to ii‘p’W'afmy biased coeflicienis where the
dependent variable is derived from calorie availability, but to downwardly
biased coefficients where the totai expenditure variable is paired with calorie
intake. Intuitively, ep and epyw are more important determinants of CA*
than is epy for TE¥, so that this bias is more imporiant for CA, Y than for
CL,TE.

3.4. Correcting for measurement errors and taking account of simultaneity
using instrumental variables

Instrumental variable (IV) estimation is a potentially useful technique for
correcting for contemporaneous correlation between an explanatory variable
and the disturbance term. For example, for the CA4, TE pair the instrumental
variable estimator is unbiased if an instrument, z, can be found such that
COV(Z, epg) =coV(2, expg) =COV(Z, €pg) =COV(Z, €pw) =cov(z,v) =0, while having
a reasonably high correlation with TE*.

Bearing this in mind, we expect our instrument set to be able to neutralize
commonality covariances involving the random error components — egg,
enres and v — but not the covariance terms involving the error in measuring
leakages due to guests and workers — ep; and epw. Because the latter two
error terms are so strongly linked to income (as will be shown), they very
likely will be linked to any otherwise appropriate instrument for incoie.

4Suggestive magmtudes for k and b are given in Bouis and Haddad (1990). Table 7.7. indicstes
that at mean income levels, an average peso spent on food increases calorie availability by 428
calories (an estimate of k). Econometric estimates of the relationship hetween calorie intakes and
food expendltures presemed in table 7.9 indicaic thai calorie intakes increase by about %0
calories at the margin for each extra peso spent on food (evaluated at mean income levels). To
derive an empirical estimate of b, this figure of 90 calories stili needs io e reduced by the
marginal propensity to spend for food out of increases in total expenditures.
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Because it 1s so difficuit (if not impossible) to find instruments correlated

with X but uncorrelated with epg and epy, the IV estimator may be more
biased than the OLS estimator. To see this, (4) is reformulated for the OLS

VIBIOVWNE LERERAE VAAW W ACind WLzl twWaAr A W Sww wasawy 2= 2SGALFAERRIARLSES L1

bias for the CA—L, Y pair.

plim Bors=b+ ba,; —cov(Y, em +e..w) )

. )
oy'i’o“, 'r'iwy ev

The first term in the numerator of (7) is associated with the familiar bias
towards zero of measurement errors in Y. The second term is associated with
the guest and worker meals that have not been purged from the dependent
variable. These two terms have opposite signs so that it is impossible, a
priori, to determine the sign of the overall bias. What is more pertinent for
the purposes of this discussion, however, is the fact that if the second term in
the numerator dominates, the overall positive bias is dampened both by the
presence of the first term in the numerator and by the fact that Y is
inaccurately measured, which, ceteris paribus, implies a relatively large
denominator.

When the 2SLS IV estimator is used: (i) the first term in the numerator of
(7) disappears (aseuming the instrument has the desired standard properties);
(i) the denominator is replaced by cov(Y*, Y*) where Y*, the predicted
value of Y*, serves as the instrument; and (iii) the second term in the
numerator is replaced by cov(¥*,epg +epw). Because var(i7*), the denomina-
tor of (7), will always be greater than cov(Y*, Y*), the denominator for the
expression for the bias for the IV estimate will always be smaller.® These
first two factors, ceteris paribus, will lead to a higher positive bias. It is
impossible, however, a priori, to determine the relative magnitudes of
cov(Y, ep; +epw) and cov(Y*,ep; +epw); depend on the components of the
instrument set which combine linearly io create Y*.

3.5. Accounting for unobservable iois2hold effects

Household-specific effects, which are not included as variables i

~ A et ] vy iad%s a

This may be demonstrated as shown below. Letting r designate a coefficient of correlation,
SE a standard error, and e the standard error term for the first stage of 2SLS. we may write

o _AYr-THYe-Y)
e SEyo " sEi'c

<1,

A
B

AV -YNY*-V)_C_

=E=

Tys ye=
SEY‘ * SEY.

b
.

-,

Because var(Y*)=var(Y*) 4 var{e), therefore SE..:
that A<C.

.. It followe then that A - B D= cn
o 2 AVRUWO, iy G 2SN oK TU, SU
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regression cstimations, but which affect the demand for calories, may be
correlated with both X (TE or Y) and its associated measurement error (erg
or ey). It is difficult to come up with specific (unmeasurable) variables that
are intuitively appealing, so that it is difficult to speculate as to the direction
of this potential bias. The unobserved household-specific effects can be
represented as an additional error component which is time-invariant.

Under the hypothesis that our measure of income is exogenous, a
benchmark panel estimator that is consistent irrespective of whether or not
the unobserved effects are correlated with included right-hand-side variables
is the ‘within’ estimator which regresses (C;,—C;) on (X,—X,), and thus
removes the unobserved effects. However, in the presence o. other forms of
simultaneity bias (due to common measurement error or behavioral endoge-
neity), the within estimator is biased. Moreover, when cov(X,e,) is not equal
to O (see section 3.3), the within estimator is possibly more biased than the
OLS estimator.®

Hausman and Taylor (198!) have developed a random-effects estimator for
use with panel data that treats unobserved effects as randomly distributed
acrcss households. Unlike conventional random-effects GLS estimators,
however, the Hausman-Taylor (HT) estimator uses additional information
concerning a priori assumptions on which included right-hand-side variables
will be correlated (endogenous) and uncorrelated (exogenous) with the
unobserved effects. If these assumptions are correct (and they can be tested if
a consistent benchmark exists, e.g, a ‘within’ estimate under the null
hypothesis of cov{X,v*) equal to zero) the HT estimator is more efficient
than the within estimator. Appealing features of the HT estimator are that:
(i) if the restrictions are correct it deals with potentially endogenous, time-

SUsing differerices from the mean for all four rounds (T =4) gives the ‘within’ estimator, where
for the standard measurement error case we have

T-1 —be?
T var{X*-X*%)’

plimby=b+

Comparing the denominator in the above expression with that of (4) in the text allows us to
state that if
(T)var(X* — X*)<(T—1)(6%+ 62 +2cov(X,e)),
or
62 +02<(4T-2)cov(X,e),

then the downward bias due to measurement error is larger, ceteris paribus, for by than for bors
[Hsiao (1986)].

Analogous to the discussion for the CA— L, Y pair for 1V estimation [see {7) in the iext], it is
unclear, a priori, whether the direction of the bias will be negative (random measurement error
predominates) or positive (the presence of the non-purged guest and worker meals which are
correlated with X predominates). In addition, for the within estimate it is also unclear, a priori,
whether whatever bias may be present will be magnified (the above conditions hold) as is certain
with the IV estimates. Until the empirical estimates are presented, it is enough for now to
establish that ti.ere is the potential for a magnified upward bias.
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invariant unobserved household effects as well as the time-varying endoge-
neity of X; and (i) allows time-invariant explanatory variables (which
necessarily are omitted from the ‘within’ cstimations) to be included in the
regression estimations. However, if the restrictions are incorrect the HT
estimator is inconsistent.

3.6. Summary of expectations of direction of bias by source

Table 2 summarizes Gur expeciations as to the direction of biases due to
the individual effects discussed above for various calorie-income variable
pairs and estimating techniques. The empirical evidence presented below
suggests that the downward bias due to epw for the CI,TE pair is quite
negligible. Thus, restricting ourselves to the specific sources of bias discussed
above, table 2 suggssts that with enough external instruments the Hausman-
Taylor estimate for the CI, TE pair will provide the least biased estimate.
However, the empirical evidence will also suggest that biases due to random
measurement error in TE, the endogeneity of X, and unobserved household
effects are relatively small, so that all the estimates involving CI, X pairs fall
within a fairly narrow range, with the exception of the OLS estimate for the
CLY pair for which the random measurement error on Y is apparently a
problem.

4. Empirical estimations

While the discussion in the previous section indicates tiie direction of
various biases which may be problems in theory, the primary objective of
this paper is to show that such biases may be important enongh empirically
that they can lead to incorrect policy conclusions under a wide range of
circumstances. The Philippine data set is somewhat unique in thai all four
proxy variables discussed ahove are available for the same population, in
addition to information on fooa expendiiures for guests and bired farm

workers, so that some attempt may be made to measure the magnitudes of
these biases.

4.1. Description of the Philippine data set

The data to be used for the regressions estimations are taken from surveys
of rural households residing in Bukidon province in the Philippines. House-
holds were surveyed four times at four-month intervals and data were
collected on a wide range of topics, including landhoidings, income sources,
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Table 2

Summary of directions of possible estimated bias by calorie-income variable pair,
by source of bias, and by estimating technique.

Calorie-income Estimating technique
variable pair/

Source of bias OLS IV (2SLS) Within  Panel HT®
CA-L,TE

Random ME* -}+ —} +

Common ME® +
Food to G&W (LHSf  + + + +
IV Magnfd bias G & W¢ +
X Endogenous® ? ?
Unobserved HEf ? ?

CL,TE
Random ME® —
Common ME®
Food to G& W (RHS)* - - - -
IV Magnfd bias G & W*
X Endogenous® ? ?
Unobserved HEf ? ?

CA-L)Y
Random ME® - Not
Common ME® estimated
Food to G& W (LHS)* + + using
IV Magnfd bias G & W* + panel
X Endogenous® ? techniques
Unobserved HEf ? ?

CLY
Random ME* - Not
Common ME® estimated
Food to G& W* using
IV Magnfd bias G & W* panel
X Endogenous® ? techniques
Unobserved HE' ? ?

2Random measurement error (section 3.1); it is expected that this will be a more
serious problem for Y than for TE using OLS.

®*Common measurement error (section 3.2); it is possible that the upward bias
due to covlecs,epg) Will outweigh the downward bias due to the random error in
measuring NFE; if this is the case, then the bias may be exacerbated by use of the
within technique as compared with OLS.

“Trausfers of food expenditures to guests and workers which have not been
purged from CA*— L* (section 3.3); it is expected that this will be a more serious
problem for CA, X pairs (LHS) than for C, TE pairs (RHS).

Instrumental variables may more strongly ‘reveal’ the potential bias duc to
expenditures for guests and workers which have not been purged from CAS—L*
than uninstrumented X in OLS which is measured with error (section 3.4); this is a
particular problem for the CA—L,Y pair, although IV will magnify any biases
present for the remaining three pairs as well, in particular for the CA— L, TE parr.

°C and X may be determined simultaneously (section 3.4).

fUnobserved household effects (section 3.5).

®Biases assuming that categorization of regressors into those correlated and not
correlated with unobserved household effects is correct.

+
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expenditure patterns, calorie intakes, and heights and weights [see Bouis and
Haddad (i990) for a more detailed description of how the data were
collected]. Our analysis here uses data for 406 households, which were
present for all survey rounds and whose livelihood depended primarily on
production of either corn or sugarcane.

Table 3 presents data on a per capita basis for current income, total
expenditures, and total food expenditures (the estimated food budget shares
for food eaten by family members is also shown), and on a per adult
equivalent basis for family calorie availability and family calorie intake. The
calorie availability data have already been adjusted for meals served to
guests and hired farm laborers reported by our respondent households.

Respondents were asked to recall food expenditures (by item from each of
five possible sources: purchases, own-production, in-kind wages, gifts, bor-
rowed) for the past month and non-food expenditures (by item) for the past
four months, using a variable time period recall method for items purchased
more frequently than once a month (for food exp:nditures) or once every
four months (for non-food expenditures). The food expenditure questionnaiie
also asked for quantity and/or price data by item, depending on the scurce
of acquisition. A simple average of real corn and rice prices across individuai
households in each of twenty-two barrios in each survey round was
computed for use in the regression estimations.

Calorie availability is derived from the expendiiure data for fifty food
categories using aggregate conversion factors coiistructed from actual food
intake patterns of the component foods within each category (i.e., these
aggregate conversion factors were computed from information available from
the 24-hour recall of food intakes). Total household available calories were
reduced by a proportional factor, (n/nf +n), to give family calorie availability,
where n is the numbei of family members reported for a particular household
(expressed in adult equivalents), and nf is the number of non-family members
reported (expressed in adult equivalents; all guests and workers were
assumed to be adults) computed as a function of the number of meals that
respondents estimated that they served to guests and hired laberers over a
period of one month.

Family calorie intakes are derived from a 24-hour recall by the wife of
foods consumed by individual househoid members, for which 120 individual
food commodiiies were identified. The survey technique involved asking
mothers (with the assitance of props such as pictures showing various sized
vegetables/frvits, and various sized containers; the capacities of pots and
other household utensils wore measured as necessary) about amounts of
ingredienis of each recipe ior each meal. She was then asked to estimate how
much of each recipe each household member consumed. This not only gave a
measure of intra-household distribution of food, but more importantly for
the purposes of ihis paper, gave a measure of how much of each recipe was
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not consumed which could be subtracted from the total prepared. If a family
merber was not present for any meal during the previous 24-hours he/she
simply was not included in the calculation of household intakes. If a meal
was consumed by an individual household member away from home, the
wife was asked to provide an estimate of what was eaten. The survey area is
a relatively remote, undeveloped region with minimal opportunities for
purchases of prepared meals. These meals, then, tended to be taken as guests
in a neighbor’s or relative’s home, or as partial payment for work performed
on another farm.

An extremely involved calculation utilizing various components of the
questionnaire gave current income, which included profit from own-farm
production (values were imputed to food consumed out of own production),
off-farm employment, money earned from small businesses, and miscella-
neous transfers.

For the sample as a whole, the difference between family calorie iniake
and family calorie availability is between 3 and 47%,. However, disagregating
by expenditure quintile, there is a clear pattern for family calorie availability
to be well below family calorie intake for low-income houscholds and for
family calorie availability to be well above calorie intake for high-income
households. For six out of a total of eight crop-tenancy groups, for all four
corn groups and for the two poorest sugar groups, the values for the two
variables are within three percent of each other. However, for the two
wealthiest sugar groups, family calorie availability is substantiaily greater
than calorie intake. This may be due to an understatement of meals fed to
hired laborers, although the information provided in table 3 on the relative
magnitudes of meals served to guests and workers suggests the possibility
that the guest meals may be the more important phenomci:on. The
understatement of meals served to non-household members occurred even
though recorded meals for guests and laborers are already highesi for these
two high income sugar groups. The discrepancy in the family calorie
availability and calorie intake figures for these two sugar groups was
particularly pronounced for the third round surveys, which were undertaken
at the height of the sugar harvest.

The differences in calorie consumption patierns between caiorie availability
and calorie intakes across income groups in table 3 are consistent with
(indeed, motivated investigation of) the potential biases summarized in table
2. Random overstatements (understatements) of food purchases tend incor-
rectly to place households in too high (too low) an income bracket when
total expenditures are used as a stratifying variable. Large positive (negative)
‘errors’ in measuring calorie avaiiabiiiiy (deviations from actual famuly
nutrient intake) are concentrated at the upper (lower) end of the income
distribution. The range of average consumption from first to fifth guintile is
narrower for both calorie intakes and availability when using income as a
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Table ¢
Calorie-income elasticity estimates, by calorie-income variable pair and by
estimating technique.
Estimating technique
o Within Panel
Calpne—mcpme OLS IV(2SLS) (no IV} HT
variable pair (1) 2 (3) 4
(1)* CA-L,TE 043 032 0.59 0.55
(0.02) (0.03) (0.02) {0.03)
(2* CLTE 0.12 008 0.14 009
001) (0.03) (0.03) (0.03)
(3)® CA-LY 0.11 0.28 - -
(0.01) (0.03)
4)® CLY 003 009 - -
(0.01) (0.02)
(5% CAXTE 0.52 046 0.65 0.62
(0.02) (0.04) (0.03) (0.04)
(6° CLXTE 0.12 008 0.14 0.09
{001) €0.02) €0.03) (0.03)
(M CAY 0.17 040 - -
(002) (0.04)

*Standard errors for elasticity estimates are reported in parentheses.

*Detailed results for rows (1)}-(4) are nresented in Appendix A.

°XTE equals TE plus food expenditures for surveyed worker meals.

Calories from surveyed guest and worker meals have not been sub-
tracted from calorie availability.

stratifying variable as compared with total experditures since incomes are
measured less precisely.

4.2. Estimates of calorie—income elasticities

Table 4 presents a seven-by-four matrix of estimated calorie-income
elasticities. The four columns are for the four estimators used. This first four
rows correspond to the four combinations possible for calorie availability,
calorie intake, total expenditures, and current income as defined above. In
view of the fact that data may not have been available for other studics to
make the downward adjustment for meals eaten by guests and hired workers,
for purposes of comparison, two new variables were computed ihat added
back the guest and worker calories to calorie availability to give CA (as
opposed to CA—L), and food expenditures for worker meals to toial
expenditures to give X TE (expenditures for guest meals are already included
as a ‘pon-food’ item in total expenditures). This resulted in three mew
combinations, which correspond to the last three rows in table 4.

A semi-logarithmic specification was used in the results presented in table
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4. Various alternative specifications were tried; the elasticity estimates at
mean income varied little between these specifications (see also footnote 3).
Full estimation results are reported in Appendix A at the end of the paper.
4.2.1. Ordinary least squares estimates

Given the patterns of calorie consumption across income groups shown in
table 3, the relative magnitudes of the estimates in the first four rows of

o7y ViV AWIWLI VW LIIWEEIRL WAL vAAW W vassalmwwes sas AR Ve aw wera & W

column one should come as no surprise. As predicted in tabic 2, the CI,Y
pair yields the lowest estimate which is biased downward (for the moment
setting aside the issue of correcting for simultaneity and household unob-
scrved alfects) because of the difficulty of measuring Y. The CA—L, T rair

aivaa tha hichact actimata hananca Af tha hiace intraducad hv nan_nnroad
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guest and worker meals and random, but common measurement errors
between CA and TE. The CA—L,Y pair avoids the problem of common
measurement errors, but combines the maccurately measured incoine

elsae laln 1) TP P T
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opposite directions in ierms of bias.

It is useful at this point to establish the estimate for the remaining CI, TE
palr as somethmg of a benchmark to facilitate discussion of compansons

with estimates in the remaining three columns and last three rows. It is only
e ot A __ a1 .l _a ) _a ___a__ £ al_ _ A /Y Oy 1
coinciacntial tmnat iné esumates ior e A — L I ana Ci, 1 L pairs ar€ néariy

identical. For CI, TE, table 2 indicates two sources of downward bias,
random measurement error on TE and inciusion of worker meal expendi-
tures in TE. A comparison of row two and row six, in whick observed
worker meal expendituses have been added to TE, shows that this latter
source of potential bias can be ignored empirically; the calorie-income
elasticity estimate remains virtually unchanged. By contrast, sote from rows
five and seven that inclusion of observed guest and worker meals in calorie
availability results in significant increases in the estimated elasticities, indicat-
ing that this is an important source of bias when introduced to the
dependent variable.

Thus, the remaining source of bias for CI, TE (again abstracting from the
effects of the endogeneity of X and unobserved household effects) is only the
random measurement error in TE, which is small relative to the bias due to
the random measurement erior in Y. This can be seen by comparing the
estimates in rows two and four. A comparison of rows two and one, then,
shows the substantial upward bias due to the combined effects of common
measurement error and the non-purged guest and worker meals.

4.2.2. Instrumental variable estimates

Turning to the IV estimates, tabie 2 suggests that the row two and row
four estimates will be similar, since the right-hand-side bias of non-purged
worker meals is no longer an empirical consideration in row two. In fact, in



H.E. Bouis and L.J. Haddad, Estimates of cclorie-income elasticities 351

table 4 these two IV estimates are nearlv identical. For both rows. the IV
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estimates correct for measurement error and endogene:ty of X as compared
with OLS. In row two, the correction for simultaneity apparently dominates
the correction for random measurement error. If the bias had been due to

measurement error alone, the estimate should have increased. This suggests

that the direction of the bias in QLS due to endgceneitv is ngsitive. Ry
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contrast, in row four the estimate increases for instrumental variables,
indicating that the correction for measurement error dominates.
For the CA—L,Y pair the IV estimate increases substantially for two
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correciion for endogeneity of X, is positive as suggested b’ the row four
results. Second and unfortunately, the potential bias due to non-purged guest
and worker meals, which was masked to some extent by the measurement

______ YV fa. MY
CI110U1 lll 1 101 v

outlined in section

For the CA—-L, TE pair, the IV estimate declines as compared with OLS.
This is because the elasticity is now purged of the bias due to commonality
in (random) measurement error, which apparently dominates the tendency of
the IV estimator to exacerbate (as compared with OLS) the bias due to non-
purged guest and worker meals.” Table 2 suggests that the row one and
row three IV estimates will be similar; and they are closer together as
compared with OLS. The remaining difference in column two can be
attributed to the commonality in measurement error caused by the (non-
random) noa-purged guest and worker meals in row cne.

Throughout the paper, we have assumed that errors in measuring calo...
intakes are orthogonal to income, leading us to conclude that the CI,TE
pair (row iwo in table 4) gives the most reasonable estimates of the calorie-
income relationship. Our maximum estimate of the calorie-income elasticity
for the CI, TE pair across all estimation methods even evaluated at mean
values for the lowest expenditure quintile is only 0.16. Does cur range of
estimates for the CI, TE pair across estimation techniques as shown in table
4 (0.08 to 0.14) represent a lower bound which substantially understates the
true elasticity? For example, do low-income groups persistently over-estimate
food intakes and/or high-income groups persistently underestimate food
intakes [housecholds reporting idealized or stylized diets; Lipton (1983)],

s emmez: meraasmloiad Leo. o of Ab . TR oAl dm o
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72SLS estimations were undertaken for all four variable pairs, but excluding all sugar-growing
households with access to iand from the sample (n=1216). Calorie-income elasticiiies for the
CIL X pairs remained virtually unchanged from those reported in table 4. For the < -L,TE
pair the elasticity declined from 0.32 to 0.28 and for the CA—L, Y pair the elasticity declined
from 0.28 to 0.22. The lower elasticities for CA—L, X pairs are due to the exclusion irom the
sample of households for which underestimation of guest and worker meals is apparently the
most serious. How ver, the estimates remain upwardly biased since the problem of under-
estimated food leakages remains (although to a lesser degree) for the corn households with
access to land and landless !aborer households.
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leading tc downwardly biased estimates? What evidence can we offer that
cov(X,eq) is close to zero?

Analysis presented by Bliss and Stern (1978) on the functional relationship
between calorie intakes, energy expenditures, and body weight, can be used
to show that apart from extra calories needed for work and other strenuous
activities, calorie requirements increase less than proportionately with body
weight. Metabolic rates may vary between two individuals, with the conse-
quence that energy requirments may not be roughly proportional to weights
for these two individuals (holding activity levels constant and assuming that
each individual is maintaining a constart weight). However, comparing
group averages, these individual-specific diiferences in metabolism may be
ignored, assuming that they are randomly distributed.

For our survey population, adult weights remained nearly constant over
the twelve months of surveys within expenditure quintiles. Furthermore, adult
energy expenditures (activity levels) were somewhat lower for the highest
expenditure quintile as compared with the lowest expenditure quintile. The
ratio of calorie intakes between adults in high and low income groups, then,
should increase somewhat less than the ratio of their weights. If percentage
increases in adult calorie intakes do not correspond to percentage increases
in adult weights, then we have some empirical basis for claiming that
cov(X, eq) is substantially greater than or substantially less than zero.

Adult females (who were never pregnant or breastfesding during the four
survey rounds) in the highest expenditure quintile consume 13% more
calories and weigh 12, more :han their counterparts in the lowest expendi-
ture quintile. The same comparison for adult males gives a calorie intake
increase of 167, and a weight increase of 12%. Because activity patterns on
average are apparently somewhat higher for the lowest expenditure quintile
adults than for the highest expenditure quintile adults, a smalier difference in
calorie intakes than the 129, difference in body weights might have been
expected, as opposed to the observed difference of 13-16%,.

This evidence would suggest, then, that if our row two (table 4) estimates
are biased at all due to deficiencies in the methodology used to recall calorie
intakes, they arc biased upwards; these represent upper bound estimates.
Nevertheless, the discrepancies in the raiios of intakes and weights are
reasonably small.

A simple example using this mdirect calculation of calorie-income elastici-
ties demonstrates the implausibility of ‘high’ calorie-income elasticities shown
in table 1 under a reasonable set of assumptions. Assume: (1) stable weights
over time within expenditure quintiles; (2) constant activity patterns across
expenditure quintiles; and (3) an average per adult equivalent calorie~income
elasticity of 0.2 across expenditure quintiles ranging from $50 per capita to
$300 per capita. Under these assumptions, one would be forced to conclude
that the average person in the highest expenditure quintile weighs roughly
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twice as much as the average person in the lowest expenditure quintile,
which of course is highly improbable.

4.2.3. Panel estimates

The panel allows us to cerrect our row one and row two estimates for
household unobserved effects. In the case of the row one OLS and IV
estimates, because they are already substantially biased for other reasons, this
hardly seems worthwhile. However, that the row one (and row five) panel
estimates are even higher than the OLS and IV estimates, is consistent with
the observation made in section 3.5 that when there is commonality in
measurement error, this bias may be exacerbated by use of paucl techniques.®

4.2.4. Effects of other explanatory variables

The detailed regression results for rows one through four are reported in
“ppendix A. The estimated coefficients on the survey round dummy
variables suggest quite different patterns of seasonal consumption of calories.
The CA, X regressions indicate that calorie consumption is highest in round
3, while the CI, X regressions suggest that calorie consumption is lowest in
round 3 and highest in round 1. As already indicated, the discrepancy in the
calorie availability and intake data is particularly pronounced for the third
round surveys which were undertaken at the height of the sugar harvest
when bias due to non-purged worker meals would be a particular problem.
As with the income elasticities for the CA4,X pairs, the estimated seasonal
pattern of consumption likewise should be considered incorrect.

Seasonal fluctuations in calorie intakes with respect to the CI,X pairs
appears to be the result of a combination of a trend decline in economic

8A consequence of the fact that cov(X,v*)#0, is that the ‘within’ estimate cannot be used as a
consistent benchmark with which to test the over-identifying restrictions necessary for consistent
and efficient Hausman-Taylor (HT) estimates. This is important because our HT estimates are
based on an ad hoc classification of explanatory variables where:

X,=a vector of time-varying variables not correlated with unobserved household effects: the
barrio prices of corn and rice (k, =2);

X ,=a vector of time-varying variables correlated with unobserved household effects: log of total
expenditure per capita {(k,=1);

Z,=a vector of time-invariant variables not correlated with unobserved household effects:
municipal population density, seven demographic variables (g, =&);

Z, =a vector of time invariani variabies correlaied with unobserved househoid efiects: house-
hold size (g, =1).

For identification of an efficient estimator, it is necessary that k,>g,. Intuitively, the HT
estimator employs the means of the time-varying exogenous variables (X ) as instruments for
the time-invariant endogenous variables (Z,). Because we cannot test the ad hoc classification of
explanatory variables, we have no reason to believe the HT estimates represent an imprevement
upon the ‘within’ estimates; they may even be worse. Griliches and Hausman (1986) do outline a
method for recovering consistent fixed effects estimates in the presence of measurement ervor,
but not, as far as we are aware, in the presence of behavioral endogeneity.
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activity, normal intra-year fluctuations in energy expenditures, and changes
in the real prices of non-staple foods between rounds, which is much too
complex to unravel here. This does, however, raise the issue of price effects of
the two main staple foods, corn and rice. The fact that calorie-income
elasticities are close to zero, combined with the reasonable assumption that

consumers are aware of fluctuations in their calorie intakes, suggests that
cansumers view calorie consumntion as an imnortant ﬂP(‘PQQIfV If this is the

VUVIIOUIIIVAD VIVIT VEIVIIVY VUIIUWIIIE VAV EE AU S84 SRIAPJUA BASsis LAWY WOULS as wasaw vaaw

case, it is illogical to expect that total calorie consumption w1ll be responsive
to changes in the prices of inexpensive sources of calories. If the price of corn
goes up, for example, and poor consumers are willing consciously to trade
substantial amounts of calories at the margin for other food characteristics

nan_fande than thavu chanld alen ha intaractad in asaniring cnnhetantial
Of NoN-100GS, uen iy SAdiG a0 OC IMCICSICG N aCQUITiilg SUsdSt antiai

amounts of calories at the margin as their income increases.

In accordance with above view, the coefficicnts on the prices of corn and
rice are not significantly different from zero for the CI,X regressions.

....... ~f thhn M AV snseacoinnme thacs sewina ~naffinincta asa
HUWCVCI, lu SOmc Oi1 l.llU Ui, A 1VERIUDIVID LWLV PIIVW  VWWLLIIGVIVIIL  4alb
significant (and negative). Again, this result may be due to negative
correlations between staple food prices and non-purged guest and worker
meals.

5. Conclusions

Our estimates add to the growing evidence that calorie-income elasticities
are much lower than previously thought. Initial reaction to the low estimates
was to reject the previous policy conclusion that increasing income aione
could improve calorie intakes [e.g., Behrman and Deolalikar (1987)], with
the implication that more direct government intervention would be necessary
to improve nutrition in the short-to-medium run. More recently, Ravallion
(1990) and Strauss and Thomas (1989) have presented empmc&l evidence to
show that the calorie response to income of the lowest income households
can be considerably higher than that of households at average income levels.
Ravallion has made the further point that relatively small fluctuations in
income could move high percentages of households above or below critical
autrition threshold poiuts, and thus could have a major nutritional impact.
Increases in income alone may be very important after all for the nutritional
well-being of verv low-income households.

While these types of issues can be investigated with our data set, the
empirical evidence presented in this paper does not address their arguments
directly. Having said that, however, we do think that the policy debate has
focussed too much on elasticities — percentage changes in income -~ and not
enough on absolute changes in income. Very large percentage increases in
income for the very poor do very little to change their income status, while
relatively small changes in absolute income can have a very large effect. For
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the bottom 409, of our sample population, a $175 increases in per capital
annual total expenditure (a 3009, increase in income for the lowest expendi-
ture quintiie) would have a very substantial effect in raising the (presently
deficient) intakes of calories and other important nutrients. At the household
level, average intakes of most nutrients for our survey population reach
recommended leveis at a total expenditure of about $250 per capita per year.
Ccnsidering the very wide rage that absolute incomes can take, adequacy is
achieved at a relatively low level.

Other analysis suggests that better nutrient intakes alone will not solve a
serious morbidity problem in the survey area [see Bouis and Haddad
(1990)], so that we are reticent to state that income aione will i.»prove health
and anthropometry, which are often implicitly considered important aspects
of ‘nutrition’. Nevertheless, our results suggest that a crucial policy issue with
respect to achieving nutriert adequacy is the extent to which the poor in the
Philippines will share in future absolute increments in real per capita gross
nziional product. If the economy experiences sustained economic growth and
thc share of the poor in this growth is disproportionately large, then income
alone can contribute significantly to the nutrient adequacy problem.® We
do not mean to imply by this that the present economic situation or policies
give us any reason io be optimistic that sustained growth can be realized or
that increments in income would be so distributed.

Our paper, however, has focussed primarily on methodology. In estimating
the calorie-income relationship for a particular population, we have shown
that the selection of calorie availability as dependent variable leads to
seriously upwardly biased elasticity estimates.!® The cxtent to which con-
sumption based on household food purchases diverges from family nutrient
intakes and is a potential source of estimation bias will, of course, vary by
economic and cultural setting. For example, for urban populations for which
meals provided for hired workers are presumably not an important pheno-
menon, it may (or may not) be possible to identify instruments which are not
correlated with unobserved leakages and so to purge calorie-income elasti-
city estimates of the potential biases outlined in this paper.

Nevertheless, our Philippine data demonstrate that the divergence between
calorie availability and calorie intakes can be empirically impoertant for rural
populations and that care should be taken to accurately measure this
phenomenon in food expenditure surveys. Qur results suggest that collection

9Nationwide surveys (NCSB, 1988) indicate that households in the bottom 409 of the income
distribution earn 15% of total income If the cconomy were to double in per capita torms {3
3.5% per capita growth rate over twenty years), and if each person’s income were to increase by
the same absolute amount, this implies a 267%, increase in the incomes of the bottom 407, of the
population, or the $175 in total expenditures referred to in the previous paragraph in the text.

19Caution also may be warranted in deriving estimates of demand for individual foeds from
food expenditure survey data. For example, these expenditure dats generate much higher stapie
food income elasticities for the Bukidnon population than do the 24-hour food recall data.
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of calorie intake data should be seriously considered for future studies of the
calorie-income relationship and of demand relationships for individual foods.
This paper leaves unresolved the practical queston ot whether it will be more
cost-effective to collect such intake information, or to conduct food expendi-
ture surveys which undertake a careful accounting of food purchased but not
eaten by household members.
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Table A4
First-stage estimations for two-stage least squares.”
Dependent variable
LNTEPC LNYPC
Variable Coefficient t-stat. Coeflicient t-stat.
Intercept 3.576981 14.72 3457142 990
DWED 0.069349 204 -0.005397 -0.14
DFED 0.128606 4389 0.253890 6.13
CULTARPC 0.324051 7.30 0463644 7.52
NETWTHPC 0.000027 572 0.000034 6.76
OWNARPC 0.063819 193 0.196306 4.10
FATAGE 0.000364 2.36 0.000625 3.28
DROOF 0.066238 290 0.092413 347
DFLOOR 0.232010 5.58 0.234021 4.0
DWALL —0.034008 —0.69 —0.491091 ~-642
DELECT 0.084243 3.05 —-0033090 -0.79
HHTOT —-0.049112 -8.22 -0.010631 -1.50
DEMMOS —0.325760 -203 —~0.055476 -0.28
DEMFOS ~-0.402474 =251 -0.222984 -1.06
DEMMS311 —0.429236 —2388 —0.141843 -0.78
DEMFS11 —0.349096 =227 -0415233 -193
DEMMI1117 —0.094617 -0.52 —0.187179 ~0.70
DEMF1117 0.079416 041 0.274114 1.16
DEMFGTI17 0.267600 1.08 1.527683 380
RDI 0.063173 2.11 —-0.054124 —1.36
RD2 —0.106064 -2.59 —0.001341 -0.03
RD3 -0.033142 —0.60 0.222817 3.13
BRPRCORN 0073791 224 —0.095874 -2.18
BRPRRICE -0.078980 -249 —0.140642 —-346
POPDEN 0.000441 1.85 0.001472 4.70
Adjusted R? 047 0.41
n 1,624 1.624

*See table A.6 for definitions of variables.



Descriptions on all variables used in reg

Table AS

Variable N Minimum Mean Sid. dev.
BRPRCORN 1624 3.20 6.30 449 0.69
BRPRRICE 1,624 465 7.31 5.79 0.52
CULTARPC 1,624 0 260 .38 039
DELECT i.624 (1 1.00 0.29 045
DEMFO5 1.624 0 0.60 013 613
DEMFI17 1,624 0 0.50 0.06 609
DEMEFSEE 1,624 ¢ 0.50 010 0.1
DEMFGTI7 §.624 g 0.50 0.19 008
DEMMGOS 1.624 0 067 a.15 0.14
DEMMIEFI7 1,624 ¢ 044 0.06 009
DEMMS!1 1,624 0 043 .10 0.11
DrMMGTI7 1,624 0 0.60 020 0.08
D+rLOOR 1,624 0 1.00 014 0.34
DFED 1.624 ¢ 1.00 Q.79 041
DROOF 1,624 ¢ 1.00 0.71 045
DWALL 1,624 0 1.00 0.1 029
DWED 1.624 0 100 087 0.33
FATAGE 1624 25080 751.30 44646 100.16
HCALPC §.624 26800 4.583.27 1,714.30 56309
HHTOT 1.624 300 19.00 7.16 2.68
LNTEPC 1,624 267 607 3.66 0.55
LNYPC 1624 -—-050 6.06 344 073
MCALPC 1624 30965 3451.72 1,754.75 653.06
NETWTHPC 1,624 0 63,221.43 2916.58 $,512.63
OWNARPC 1,624 0 343 0.28 048
POPDEN 1.624 5i1.00 22300 150.06 44.90
RD} 1.624 0 1.00 0.25 043
RD2 1,624 0 1.00 0.25 0.43
RD3 [.624 g 1.00 6.25 043
TEPC 1,624 7.89 43298 46.29 2513
TEPCSQ 1624  62.18 187.467.90 3,375.68 4,285.26
XMCALPC 1624 22247 747657 1,889.49 792.81
XTEPC 1,624 7.89 440.34 46.53 35.74
Yec 1,624 0.6t 429.11% 41.76 4225
YPCSQO 1,624 0.37 184,134.60 3,527.95 12,255.16

= See table A.6 for definitions of variables.
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Table A6
Variable definitions.

BRPRCORN =retail price of shelled corn per kilogram (1984 pesos; simple average of
respondents for barrio)

BRPRRICE =retail price of milled rice per kilogram (1984 pesos: simple average of
respondents for barrio)

CULTARPC =cultivated area per capita (average of four survey rounds)

DELECT  =zero-one dummy for presence of clectricity for house

DEMF0S  =percent of HHTOT that arc females less than or squal to 5 years of age

DEMF1117 =percent of HHTOT that are females greater than 11 years and less than of
equal to 17 years of age

DEMF511  =percent of HHTOT that ate females greater than 5 years and less than or equal
to 11 years of age

DEMFGTI? =percent of HHTOT that are females greater than 17 years of age

DEMMOS5  =percent of HHTOT that are males less than or equal to 5 years of age

DEMMIil7 =perzent of HHTOT that are males greater than 11 years and less than or equal
to 17 years of age

DEMMS511  =percent of HHTOT that arc males greater than 5 years and less than or oqua’ 1o
11 vears of ace
11 years of age

DEMMGTI7 =percent of HHTOT that arc males greater than 17 years of age

DFLOOR  =z2ero-one dummy for quality of flooring materizis for house

DFED =zero-one dummy for years of husband’s education, {1 if years in school are
greater than 3

DROOF = zero-one dummy for quality of roofing materials for house

DWALL = gero-onc dummy for quality of materials used for house framing and wails

DWED =zero-one dummy for years of wife's education, 1 if years in school arc greater
than 3

FATAGE =age of head of houschold (in months)

HCALPC  =houschold calorie intake per capita per day (from 24-hour recall)

HHTOT =number of houschold members

LNTEPC  =logarithm of houschold total expenditures per week per capita (1984 pesos:
varies by round)

LNYPC = logarithm of current household income per week per capita ({984 pesos; average
over four surveys)

MCALPC =househoid caioric availabiiity per capita per day (net of surveyed meais served
to guests and hired workers; from food expenditure suivey)

NETWTHPC =value of all assets (1984 pesos; average of rounds | and 4)

OWNARPC =owned area per capita (average of four survey rounds)

POPDEN  =municipal population density {persons per square kilometer)

RDI = zero-one dummy for first round survey

RD2 = zero—-one dummy for second round survey

RD3 = zero-one dummy for third round survey

TEPC = total househuld expenditures per week per capita (1984 pesos; varnes by round)

TEPCSQ  =TEPC squared

XMCALPC =MCALPC plus calories fed to guests and hired workers

XTEPC = TECP plus expenditures for food fed to hired workers

YPC =current household income per week per capita (1984 pesos; average over four
surveys)

YPCSQ = YPC squared.
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