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instrument>! vatiahle (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, &en orie 
availability and total expenditures, because of cost considerations (e ndi- 
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)], @i)ur data 
set, collected for rural households in the Philippines, allows for a comparison 
of estimates obtai by using all four calorie and income variable pairs 
mentioned above. pending on the variable pair and estimating technique 
used, elasticities range from 0.03 to 0.59. 

For reasons elab ed in section 3, which develops simple 
expressions that hi ght the various econometric problem 
estimating the calorie-income relation, we opt for the calorie intake-total 
expenditure pair as the most approoriate variables for 
household calorie intakes change with rr;come. These ela 
ranging from 0.08 to 0.14 at the low end of estimates obtai 
in section 4. Final conclusions are &awn in section 5. 
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error, and household heterogeneity (again see table l), 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. 

ometric considerations in estimating calorie-income elasticities 

Let C 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 k: household current income. Two available survey 
measures for C are Cl (family calorie intakes measured from a 24hour 
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 household calorie availability elasticity will usually differ from the family 
calorie intake elasticity. To see this: 

CA=CZ+L, (1) 

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 tern;3 of 
elasticities gives 

d(L/CA) CA 
YICA,X-YICI,X= ax Ex* 

- . (4 

If L is assumed to be a constant absolute value for all households, then 
%A, X - k1, X do owever, data to be presented below suggests that food 
eaten by non-fa ly members increases as proportion of total food 
chases, so that qcA,x - qcl,x ~0 holds empirically. The studies cited in ta 
which used CA as a roxy for C, are mostly silent on the issue of what 
of adjustments were ade in the food expenditure surveys to accou 
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In general, we want to estimate 

where 2 is a vector of sociodemograFhic inde dent variables ch we 
assume are measured relatively accurately a so, for ~onvem~n~. can 
dropped in the derivations that follow; a is an in 
random error term such that E(t,! =O, and ~ov(~~~) = 0 e 

3.1. Income variables- The standard 
random measurement error 

case bias towards zerei 

Letting e represent an error term in measuring 
Var (e) =c& the familiar result can be derived that 

If X is the only explanatory variable measured with error, the direction of 
the bias on 6oLs is unambiguously toward zero. Because more than one 
explanatory variable may be measured with error, to conclude that 6oU 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 pa r, the set of explanatory 
used (in addition to TE or Y) are th number of household m 
percentage of total household members falling into various age an 
categories, survey round dummies, population density of the m~~cipahty in 
which the household resides, dummies for mother’s and father’s vears of 
schooling, father’s age, and real barrio rrce and corn prices. of 
explanatory variables used in our estimations represents a fairly standard set 
of Engle curve regressors and th, m estimated toe 
dix A) on the income variables (TE or Y) are robust in 
significance to variation of 2SIS exclusion restrictions. 
by nature, less susceptible to measurement error than 
and exogenous to the household in the 
that the direction of the biases on &-,= 
fairly well defined. 

3.2. Commonality of meas 

he downward bias on 
re 
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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 (e,, is decomposed into the first two 
sources):3 

eFE = the error in measuring household food expenditures (FE); 
eNFE =the error in measuring household non-food expenditures (NFE); 
elV3 =the error in proportion of household food expenditures being fed to 

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

workers (PW); 
eoL =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 eoL may be ignored. It is 
necessary to distinguish between 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 tota! food expendi- 
tures to calories and denoting an observed variable with an asterisk, we can 
write 

CA*-L*=a+bTE*+v*, (9 

where 

+ b(FE)epw + v. 

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

(6) 

The measurement error component of the bias due to OLS estimation of b 
in (6) will be upwards provided [k( 1 -PC - PW) -3] z 0. The mu!bip!icativ 

3Full expressions for the potential biases are develuped in an appendix available from the 
authors. This appendix also contains the results of various specificatio tests; see section 4.2. 
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factor k represents the calories made available UPI 
on food, whereas b represents the marginal 

for every extra peso of taeal ex 
) is relatively low (5.8% at the mean 

more importantly because households purchase more 
calories at the margin, we are confident that [&I - 
most of our households.4 The same exercise for the 
first term in the brackets of the numerator of (6), 
bias is negative as in (4). 

3.3. Upward bias due tu imperfectly measured leakages 

ased on data to be presented later, we ex 
cov(eP,, Y), and cov(e,,, Y) to be negative, whi 
bias using OLS. This leads to upwardly b 
rlependent variable is derived from calorie availability, but to downwardly 
biased coefficients where the total expenditure variable is pai with calorie 
intake. Intuitively, ePG and epw are more important determinants of CA* 
than is epw for TE*, so that this bias is more important for CA, Y than for 
CI, 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 CA, TE pair the inst 
variable estimator is unbiased if an instrument, z, can be found 
cov(z, eFE) = cov(~ e& = cov(z, epG) = cov(z, epw) = cov(z, v) = Q, w 
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 - eFE, 
eNFE9 and !’ - but not the covariance terms involving 
leakages due to guests and workers - eBG and epw. 
error terms are so strongly linked to income (as will 
likely will be linked to any otherwise ap 

‘Suggestive magnitudes for k and b are given in 
that at mean income levels, an avera 
calories (an estimate of k). Econo 
food expenditures presented in 
calories at the margin for each e 



Jkcause it & so dificuk (if not impossible) to find instruments correlated 
with X but uncorrelated with effi and ePw, the IV estimator olt~y more 
biased than the 02% estimator. To see this, (4) is reformulated for the OLS 
birs for the CA - L, Y pair. 

plim 6 ois =b+ 

The first term in the numerator sociated with the 
towards zero of measurement erro 
the guest and worker meals t 
variable. These two terms have o that it is impossible, a 
priori, to determine the sign of the o 
the purposes of this disussi however, is the fact that if the 
the numerator dominates, overall positive bias is 
presence of the first te the numerator and 
inaccurately measu , which, teris patibus, implies a relatively large 
denominator. 

When the 2SLS IV estimator is : (i) the first term in the numerator of 
(7) disa the instrument has the de&d standard pro 
(ii) the replaced by cov(Y*, P*) where ?*, the 
value of Y*, serves as the instrument; and (iii) the second term in the 
numerator is repi &* cov(Y , epG +ePw). l3ecause var( Y*), the denomina- 
tor of (7), will always ater than cov( Y*, Y*), the denominator for the 
expression for the bias he IV estimate will always smaller? These 
first two factors, ceteris paribus, will lead to a higher positoive bias. It is 
impossible9 however, a priori, to determine the relative magnitudes of 
cov(Y, effi +ePw) and cov( P*, effi +ePw); depend on the components of the 
instrument set which combine linearly to create ?*. 

Household-specific effects, which are not included as variables in the 

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

rye,*. = 
.qY*--I;*)(p*-pj A 

SEy. - SEp, 
=pl, 

ry y gr*-P)(Y*-P) c . *= =-_= . SEydSEY. D ‘- 
&came var( Y*) = var( 8*) + var(c+, therefore SE,.> SEo.. It fdlows, t 
that A<C. 



ressim 3timatisns, but which alit t 
correlated with both X (TE or U) and 

removes the unobserved 
simultaneity bias (due to 

Hausman and Taylor (1981) have devel 

across households. 
however, the Hausman-Taylor (HT) estimator uses additional information 
concerning a priori assumptions on w&h included right-band-side variables 
will be correlated (endogenous) and uncorreiated (exogenous) with the 
unobserved effects. if these ptions are correct (and they can be tested if 
a consistent benchmark exists, e.g., a ‘within’ estimate under the null 
hypothesis of cov(X,u*) equal to zero) the HT estimator is more efkient 
than the within estimator. Appealing features of the HT estimator are that: 
(i) if the restrictions are correct it deals with potentially endogenous, t&e- 

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

T-l -baf plim&=b+- T var(X: -A?)’ 

Comparing the denominator in the above expression with that of (4) in the text allows us to 
state that if 

(T)var(X,f-X*)<(T- l)(a~+a,f+Zcov( 
or 

a;+&(4T-2)cov(X,~), 
then the downward bias due to measurement error is larger, ceteti 
[Hsiao ( 1986) 3. 

Analogous to t sion for the CA - 
unclear, a priori, the direction of t 
predominates) or positive (the presence of 
correlated with X predominates). In addition, 
whether whatever bias may be p 
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invariant unobserved household effects us well us the time-varying endoge- 
neity of X; and (ii) allows time-invariant explanatory variables (which 
necessarily are omitted from the ‘within’ btic_ -n+imations) to be included in the 
regression estimations. However, if the restrictions are incorrect the WT 
estimator is inconsistent. 

3.6. Summary of expectations of direction of bias by source 

Table 2 summarizes GG- exFcl&ions 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 disc 
above, table 2 suggests th at with enough external instruments the 
Taylor estimate for the CI, TE pair will provide the least biased estimate. 
However, the emp -irical 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 
CZ, Y pair for which the random measurement error on Y is apparently a 
problem. 

4. Empirical estimations 

While the discussion in the previous section indicates tile direction of 
various biases which may be problems in theory, the rimary objective of 
this paper is to show that such biases may be importan enoalgh empirically 
that they can lead to incorrect po!icy conclusions under a wide range of 
circumstances. The Philippine data set is somewhat unique in that all four 
proxy variables discussed above are available for the sam population, in 

addition to information on food expenditures for guests and hiTed 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 
holds were surveyed four tim 
collected on a wide ran 
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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 W 
CA-L,TE 

Random ME’ 
Common MEb 1 -+ 
Food to G&W (LHS) 
IV Magnfd bias G& Wd 
X Endogenous’ 
Unobserved HE’ 

? 
? 

+ 
+ 

+J + i- 
+ 

? 

Cl, TE 
Random ME’ 
Common MEb 
Food to G&W (RHS; 
IV Magnfd bias G& Wd 
X Endogenous’ 
Unobserved HE’ 

CA-L, Y 
Random ME” 
Common MEb 
Food to G&W (LHS) 
IV Magnfd bias G& Wd 
X Endogenous’ 
Unobserved HE’ 

CI, Y 
Random ME” 
Common MEb 
Food to G&W’ 
IV Magnfd bias G& Wd 
X Endogenous” 
Unobserved HE’ 

? 
? 

? 

- 

? 
3 

+ 

? 
? 

+ 
+ 

? 

? 
? ? 

Not 
estimated 
using 
panel 
techniques 

Not 
estimated 
using 
panel 
techniques 

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

bCommon measu rement error (section 3.2); it is possible that the upw 
due to cov(e cA,erE) will outweigh the downward bias due to the random 
measuring NFE; if this is the case, then the bias may be exacerbated by use of the 
within technique as compared with OLS. 

‘Transfers of food expenditures to guests and workers which have not 
purged from CA$-- L* (section 3.3); it is expected that this will be a more serious 
problem for CA,X pairs (LHS) t 

dInstrumental variables may mo 
expenditures for guests and worker 
than uninstrumented X in OLS whi 
particular problem for the C 
present for the remaining th 

‘C and X may be determined s 
‘Unobserved household 
gBiases assuming that catego 

correlat 

eously (section 3.4). 
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expenditure patterns, calorie intakes, and heights and weights [see 

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 mem ers is also shown), and on a per adult 
equivalent basis for family calor 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. 

re asked to recall food expenditures (by item from each of 
s: purchases, own-production, in-kind wages, gifts, bor- 

st month and non-food expenditures (by item) for the past 
g a variable time period recall method for items purchased 

n once a month (for food expenditures) or once every 
-food expenditures). The food expenditure questionnaire 

also asked for quantity and/or price data by item, depending on the source 
of acquisition. A simple average of real corn an 
households in each of twenty-two barrios 

rice prices across individual 
each survey round was 

computed for us in the regression estimations* 
Calorie availability is derived from the expenditure data for fifty food 

categories using aggregate conversion factors constructed from actual food 
ems of the component foods within each category (i.e., these 
nversion factors were computed from information available from 
recall of food intakes). Total househokl available calories were 

reduced by a proportional factor, (n/nf -I- n), *to give family calorie availability, 
here n is the number of family members reported for a particular household 

ult equivalents), and nf is the number of non-family members 
in adult equivalents; all guests and workers were 

s) computed as a function of the number of meals that 
respondents estimated that they served to guests and hired laborers over a 

identified. The surv 
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llot consumed which could be subt 

men&z was not present for any meal during the previous 
simply was r.ot included in the calculation of household in 
was consumed by an individual house 
wife was asked to pro 
a relatively remote, 

urchases of prepared meals. These 
1n a bar’s or relativ~‘s home, 
on an0 r farm. 

An extremely invol 
questionnaire gave c 
production (values were i 

off-farm employment, money earned from small businesses, and mi 
neous transfers. 

For the sample as a whole, the di 
and family calorie availability is between 3 and 47& Howe 
by ex is a clear pattern for family ca 
to be rie intake for low-income households and for 
family calorie availability to well above calorie intake for high-income 
households. For six out al of eight crop-tenancy groups, for all four 
corn groups and for the two orest sugar groups, the values for the t 
variables are within three nt of each other. owever, for the two 
wealthiest sugar groups, famr calorie availability substantially 
than calorie intake. This may due to an understatement of meals 
hired laborers, although the information provided in table 3 on the relative 
magnitudes of rnds served to guests and workers su 
that the guest meals may be the more important phenomsl?on. The 
understatement of meals served to non-household members occu 
though recorded meals for guests and laborers are already hi 

e sugar groups. The discrepancy in the fam 
calorie intake figures for these two sugar 

particularly pronounced for the third round surveys, which we 
t of the sugar harvest. 
enas in calorie consumption patterns tween calorie availability 

and calorie intakes across income groups in table 3 are co stent with 

measu~~~g oaiorie avaiiabiiity (deviati 
are concentrate 



stratifying variable as compared with total ex re 
measured less precisely. 

4.2. Estimates of calorie-income ehsticitiks 
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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 result s are reported in Appendix A at the end of the paper. 

4.2. I. 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 
column one should come as no surprise. As predicted in tabie 2, the CI, Y 
pair yields the lowest estimate which is biased downward (for the momclnt 
setting aside the issue of correcting for simultaneity and household unob- 
SW& c&tsj because of the difficulty of measuring Y. The CA -L, Tr n+= 
gives the highest estimate because of the bias introduced by non-purged 
guest and worker meals and random, but common measurement errors 
between CA and TE. The CA-L, Y pair avoids the problem of corn 
measurement errors, but combines the inaccurately measured income 
problem and the non-purged guest and worker meal problem, which work in 
opposite directions iE terms of bias. 

It is useful at this point to establish the estimate for the remaining CI, TE 
pair as something of a benchmark to facilitate discussion of comparisons 
with estimates in the remaining three columns and last three rows. It is only 
coincidental that the estimates for the CA-L, Y and CI, TE pairs are nearly 
identical. For CI, TE, table 2 indicates two sources of downward bias, 
random measurement error on TE and inclusion of worker meal expendi- 
tures in TE. A comparison of row two and row six, in which observed 
Fcrker F_eE! ey_mnA:+=m * yrrr..rruLes 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, z~te 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 CZ, TE (again abstracting from the 
effects of the endogeneity of X alid unobserved household effects) is only the 
random measurement error in TE, which is small relative to the bias due to 
the random measurement err.or 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. Znstvtdmental variable estimates 
Turning to the IV estimates, table 2 suggests that the row two 

four estimates wiii be similar, e the right-hand-side bias of n 
worker meals is no longer an e 
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table 4 these two IV estimates are nearly ident 
estimates correct for measurement error an 
with OLS. In row two, the correction for simu 
the correction for random measurement error. 
measurement error alone, the estimate should h 
that the direction of the bias in OLS due to 
contrast, in row four the estimate increases 
indicating that the correction fo measurement e 

For the CA-L, Y pair the V estimate in 
reasons. First, the corfection for random rn~~~r~~~t error in 
correction for endogeneity of X, is positive as suggested 
results. Second and unfortunately, the potential 
and worker meals, which was masked to som 
error in Y for OLS, is now exacerbated by use of the 
outlined in section 3.4. 

For the CA-L, TE pair, the IV estimate declines as compa 
This is because the elasticity is now purged of the bias due to 
in (random) measurement error, which apparently dominates th 
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) nogi-purged guest and worker meals in row one. 

Throughout the paper, we have assumed that errors in measuring caloA 
intakes are orthogonal to income, leading us to conclude that the CI, ‘E 
pair (row two in table 4) gives the most reasonable estimates of the 
income relationship. Our maximum estimate of the calorie-income 
for the CI, TE pair across a 11 estimation methods even evaluated at mean 
values for the lowest expenditure quintile is only 0.66. DXS GCT XE~Z d 
estimates for the Cl, 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-esti 
food intakes and/or high-income gro s persistently un 
intakes [households reporting idealize or stylized diets; 

‘2Sl.S estimations 
households with access t 
Cl, X pairs remained vi 
pair the elasticity 
from 0.28 to 0.22. 
sample of households 
most serious. Wow ver, 
estimated food lea 
access to land and 
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leading to downwardly biased estimates? What evidence can we offer that 
cov(X,e,) 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 constarrt weight). However, comparing 
group averages, these individual-specific diEerences 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, 
energy expenditures (activity levels) were somewhat lower for the hi 
expenditure quintile as compared with the lowest expenditure quintile. The 
ratio of calorie intakes between adults in high and low income oups, then, 
should increase somewhat less than the ratio of their weights. 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,e,,) is substantially greater than or substantially less than zero, 

Adult females (who were never pregnant or breastfeeding during the four 
survey rounds) in the highest expnditure quintile consume 13ye more 
calories and weigh 12% more _;han their counterparts in the lowest expencii- 
ture quintile. The same comparison for adult males gives a calorie intake 
increase of 16% and a weight increase of 12%. Because acrivicy patterns on 
average are apparently somewhat higher for the lowest expcnciiture quintile 
adults than for the highest expenditure quintile adults, a smalEcr difference in 
calorie intakes than the 12% difference in body weights mi bt haye been 

expected, as opposed to the observed difference of 13-M%. 
This evidence would suggest, then, that if our row two (table 4j estimates 

are biased at all due to defK&es in the methodology used to recall calorie 
intakes, they are biased upwards; these represent upper bouti estimates. 
Nevertheless, the discrepancies in the ratios of intakes and weights are 
reasonably small. 

A simple example using this indirect 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: (4) stab1 
over time within expenditure 
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twice as much as the average rson 
which of course is highly improbable, 

in the lowest expenditure quintile, 

4.2.3. Paid estimates 
The panel allows us to correct our row one and row two estimates for 

household unobserved effects. In the case of the row one OL 
estimates, because they are already substantially biased for other 
hardly seems worthwhile. However, that the w one (and ro 
estimates are even higher than the OLS and estimates, i . 
the observation made in section 3.5 that when there is 
measurement error, this bias may be exacerbated by use of parlG1 techniques? 

4.2.4. Eflects of other explanatory variables 
The detailed regression results for rows one through four are reported in 

5ppendix A. The estimated coeflicients on the survey 
variables suggest quite different patterns of seasonal consump 
The CA,X regressions indicate that calorie consumption is highest in round 
3, while the CI,X regressions suggest that calorie consumption is lo 
round 3 and highest in round 1; As alreaby indicated, the discrepancy in the 
calorie availability and intake data is particularly pronounced for the thi 
round surveys which were undertaken at the height of the sugar harve 
when bias due to non-purged worker meals would be a particular problem. 
As with the income elasticities for the CA,X pairs, the estimated seasonal 
pattern of consumption likewise should be considered incorrect. 

Seasonal fluctuations in calorie intakes with re 
appears to be the result of a combination of a tr 

8A consequence of the fact that cov(X, us) f0, is that the ‘within’ estimate cannot asa 
consistent benchmark with which to test the over-identifying restrictions necessary for canslstent 
and eflicient Hausman-Taylor (WT) estimates. This is important because our MT esti 
based on an ad hoc classification of explanatory variables where: 
X, = a vector of time-varying variables not correlated with unobserved household 

barrio prices of corn and rice (k, = 2); 
X2 = a vector of time-varying variables correlat th unobserved household en&%: log of tot 

expenditure per capita (k2 = 1); 
Z1 =a vector of time-invariant variables not correlat 

municipal population density, 
Z2 =a vector of time invariarrf 

hold size (g, = 1). 
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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 
consumers view calorie consumption as an important necessity. If this is the 
case, it is illogical to expect that total calorie consumption will 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 
or non-foods, then they should also be interested in acquiring substantial 
amounts of calories at the margin as their income increases. 

In accordance with above view, the coe!Ecients on the prices of corn and 
rice are not significantly different from zero for the CI,X regressions. 
However, in some of the 
significant (and negative). 
correlations between staple 
meals. 

. Conclusions 

Our estimates add to the 

CA,X regressions these price coefficients are 
Again, this result may be due to negative 
food prices and non-purged guest and worker 

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 alone 
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 empirical evidence to 
show that the calorie response to income of the lowest income households 
can be considerably higher than that of households at average incorn? levels. 
Ravallion has made the further point that relatively small fluctuations in 
income could move high percentages of households above or below critical 
nutrition threshold points, and thus could have a major nutritional impact. 
Increases in income alone may be verv important after all for the nutritional 
well-being of very low-income househo,ds. 7 

While these types of issues can be investigated with our data set, the 
empirica vidence presented in this paper does not address their 
diiCCt?y. ving said that, however, we do think that the 
focussed too much on elasticities - percentage changes in ome = and not 
enough on absolute than 
income for the very 
relatively small than 
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the bottom 40% of our sample population, a $175 inure 
annual total expenditure (a 3 increase in income for 
ture quintile) would have a substantial effect in raisi 
deficient) intakes of calories and other important nutrients. 
level, average intakes of most nutrients for our 
recommended leveis at a total expenditure of about 
Considering the very wide rage that absolute inw 
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 
(1990)], so that we are reticent to state that income aion 
and anthropometry, which are often implicitly wnside 
of ‘nutrition’. Nevertheless, our results su st that a crucial 
respect to achieving nutrient adequacy i he extent to whit 
Philippines will share in future absolute increments i 
rkGona1 product. If the economy experiences sustained economic growth and 
the share of the poor in this growth is disproportionately large, then inwme 
alone can contribute significantly to the nutrient adequacy problem.g 
do not mean to imply by this that the present economic situation or polices 
give us any reason to 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 1 
seriously upwardly biased elasticity estimates? The extent to whi 
sumption based on household food purchases diverges from family 
intakes and is a potential source of estimation bias will, of course, v 
economic and cultural setting. For example, for urban populations for 
meals provided for hired workers are presumably not an impo 
menon, it may (or may not) be possible to identify instruments 
correlated with unobserved leakages and so to purge calorie-income elasti- 
city estimates of the potential biases outlined in t 

Nevertheless, our Philippine data demonstrate 
calorie availability and calorie intakes can be e 
populations and that care should be t 
phenomenon in food expenditure surveys. 

‘Nationwide surveys (N 
distribution earn 15% of t 
3.5% per capita growth rat 
the same absolute amount 
population, or the $175 in 

‘*Caution also may 
food expenditure surve 
food income elasticities 
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a table A.6 for definitions of variables. 










