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This paper demonstrates, step by step, how income and price elasticities of demand as
defined in a Hicksian composite commodity model can be estimated from data on
expenditures and physical quantities. The econometric model is a modified version of
one used by Deaton for a study of food demand in the vory Coast, This paper extends
Deaton's model to incorporate the assumption of Hicksian composite commodities,
and reestimates the model using data from the 1985 U.S. Consumer
Expenditure Survey.

INTRODUCTION

Cross-section surveys of household food expenditure often have been used for the
estimation of income elasticities of demand for food items; recently the potential for
using them for the estimation of price elasticitics has received renewed atiention (Timmmer
and Alderman, Deaton, Cox and Wohlgenant, Nelson). When a survey conlains informa-
tzion on both houschold expenditure on an item and the physical quantity purchased, one
seems 10 have both a measure of quantity and the ability to derive a measure of price by
dividing expenditure by physical quantity. ‘Thesc measures are not, however, in general
directly useful in demand equation estimation. ‘The price paid may reflect endogenous
choice among items of differing characteristics or quality levels, instead of being exoge-
nous to the bousehold. TFor example, a household may purchase six pounds of oranges for
$3, at an implicit price of $.50 per pound. If, however, the household also bought (or
<ould have bought) less juicy oranges tor $.30 per pound, neither $.50 per pound nor $.30
per pound can be taken as the price of oranges. The complications such guality varialion
creates for the measurement of price (on the right side of the demand equation) have been
discussed by ‘Theil, Houthakker, Deaton, and Cox and Wohlgenant.

Nelson (1991) shows that guality variation (or, more generally, commodity hetero-
geneity) also complicates the left side of the demand equation: the simple sum of physical
guantities is not the appropriate measure of guantity demanded cxcept in special cases. It
1% possible, for example, 10 obtain different estimates of the income and price elasticities
when quantity is measured in different physical dimensions. Consider a case where richer
households buy fewer but bigger oranges than poorer houscholds: the income elasticity by
count would be negative, even if the income elasticity by weight is zero or positive.
Nelson suggests that a measure of quantity based on Hicksian composite commodity
assumptions provides a conceptually more adequate measure of quantity. The Hicksian
quantity measure is a price-level-deflated expenditure and hence is independent of the
choice of physical quantity metric. This paper goes beyond the theoretical explanation in

This paper was begun while the author was employed by the Division of Price and Index Number
Research, 1.5, Bureaw of Labor Statistics (BLS). The views expressed do not represent an official position
of the BLS ot the views of other BLS staff members. 1 wish to thank Angus Deaton for sharing the results of
his work in progress. which encouraged me to stad this project.
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Nelson (1991) to explain, step by step, how estimation using the Hicksian assumptions
can be implemented using an cxtension of an empirical method developed by Deaton
(1986). The implementation is illustrated with an application to the study of demand for
eleven food commodities in the United States. While the final results of this study briefly
have been reported elsewhere (Nelson, 1990), only this article contains a description of
the method sufficiently detailed to allow the interesied rescarcher to replicate the study, a
detailed description of the data, a presentation of the results of the intermediate steps, and
a detailed discussion of the results.

THE HICKSIAN COMPOSITE COMMODITY APPROACH!

Suppose that there are R individual, homogeneous, elementary goods, whose quanti-
ties we denole by x; (1= 1, ..., R). Suppose further that these goods can be grouped such
that within each group, prices of all goods vary proportionally. Let P denote the factor
of proportionality common to all elementary goods in group G. Then by Hicks’ compos-
ite commodity theorem, a measure of the demand for the composite commodity € can be
defined as

M Qg= 2 PTXi

1e(;

where;

¥
p; = 'The basc price of good x;
The demand function for such a composite commodity is
(2) Qg(Y)
where:
P = The vector of Pgs.
Such composites can be treated, in every respect, as if they were elementary goods.
Such an approach can incorporate measures of physical quantity, measures of the
“quality™ of an aggregate good, and the concept of unit value that have been discissed

elsewhere in the demand literature. The (unweighted) physical quantity of an aggregalte
good can be noted as

4G = X Xi.

16

! This section draws on Nelson (1991).
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Following influential work by Theil and Cramer, one also may define a quantity-weighted
sum of elementary base prices as the measure of average “quality™ within a group:

ieG

That is. the larger the proportions hought of higher priced goods, the higher is the mea-
sure of quality. Figure 1 illustrates iso-quality lines for the case of a composite consisting
of a low priced (low quality) clementary good x; and a high priced (high quality) elemen-
tary good x;. Iso-quality lines are simply rays from the origin, with points on lines closer
to the x, (high priced) axis representing bundles of higher quality. Last, assuming one can
observe expenditures E¢; and physical quantity, one can calculate unit values

Iy

i

Vg =

£

T

It is casy to derive, by manipulating the various definitions, the following expressions for
composite quantity, expenditure, and vnit value:

(3) Q6= viqe
() Eg = Pgveag
(5) Vi = Pgvg

All of the income and price elasticities of interest are derived from these equations by tak-
ing natural logarithms and differentiating with respect to ln Y or ln Pg. Of particular
nterest is the price derivative of the logarithm of the first equation: the price elasticity of
the Hicksian composite commodity is equal to the sum of the price elasticity of quality
and the price elasticity of physical quantity.

IMPLEMENTATION OF HICKSIAN COMPOSITE COMMODITY
ESTIMATION

Techniques for estimating the price elasticity of physical quantity from household
survey data, adjusting for the effect of quality choice on unit values, have becn suggested
by Cox and Wohlgenant and Deaton (1986, 1987, 1988). Cox and Wohlgenant assume
thal quality choice depends only on houschold characteristics such as family size, income,
riace. etc. They assume thal any variation in household-level unit values from
regional/quarterly unit values, after controlling for the effects of these variables, represents
rcal price variation.

Deaton's (1986, 1987, 1988) approach to cstimating physical quanlity elasticities is
similar in relating quality choice to household characteristics, but takes into account two
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additional factors.? First, be considers that quality choice also may be dependent on
commodity price. Second, he notes that the derivation of unit values by division of
expenditure by physical quantity creates a spurious negalive correlation between physical
quantity and unit value if the variables are measured with error. This creates bias in the
estimates of elasticities of physical quantity with respect to price, which may act to coun-
tervail the usual attenuation bias and produce estimates that arc more negative than the
true price ¢lasticitics, His method of correcting for measurement error makes vse of the
clustered structure of most houschold surveys (that is, the fact that houscholds surveyed
often are clumped based on geographical proximity within primary sampling units). He
assumes that real price variation exists only across clusters, while within any geographic
area variations in unit value reflect either quality choice or measurement error.

> The notation in this article differs somewhat from that used by Deaton. Preaton’s (1988) Q is equivalent to
this anjcle’s ¢, both indicating the physical quantity demanded. His price level A is equivalent o this

article’s P, His q is equivalent to this anticle’s x (taking x to be measured directly in the relevant units so
that k¥ in Deaton’s expression k" g is a vector of oncs). He subscripts his variables by ¢ for the

geographic cluster and suppresses identification of the various goods; here the variables are subscripted for
the gowds group G with the sample clusier notation suppressed.
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Estimates of the price elasticity of demand as defined in the Hicks composite com-
modity model can be derived through a simple extension of Deaton's method for estimat-
ing price elasticities of physical quantity. While in his theoretic presentation Deaton
stops short of assuming that base prices are the samc in all clusters, he assumes that vari-
ation in relative prices between clusters must be limited sufficiently (p. 10) so that unit
value deflated by a cluster price index can be taken to represent a measure of quality. As
he omits cluster-specific price relatives from his empirical specifications of physical quan-
tity and guality choice, the resulting estimation method is identical to one which could be
derived using the Hicks composite commodity model. Presentation of the method in this
section is based almost entirely on Deaton's (1986) work, even though references are
given to Hicks' composite commodity mode! equations. The extension of his work here,
justified by use of aggregation theory, is simply the identification of the price elasticity
of demand with the sum of the price elasticity of physical quantity and that of quality,
rather than with the price elasticity of physical quantity alone,

In the following exposition, Deaton's assumptions that there is no real price varia-
tion within clusters (1986, p. 17) and that preferences are weakly separable over compos-
ite commodities (1986, p. 8), are carried over. The addition of the assumption of weak
separability of preferences® allows the elementary good demand functions to be simplified
from

(6) %, =x(p,Y)
functions of all prices and income to

(1) % = xi(pG.Ei)

functions of only within-group prices pg (i.c., the vector of prices with i € G) and group
expenditure. Because demand functions are homogeneous of degree zero, and base prices
are constant, these can be simplified further 1o

(8) x; = xi(pPg FoPg) = xi(pe. Q) = 5{(Qa).

This second stage budgeting problem is illustrated in Figure 2. By weak separability,
there cxists a well-defined preference ordering over x and x3, represented by subutility
indifference curves Land I'. Iso-Q lines with slope -p,/p, perform like budget lines, and Q-
expansion paths are analogous to the income-gxpansion paths of first stage budgeting. In
this diagram, quality is shown as increasing (from v to v") with Q. If ) increases with
wcome, then in this case both quality and quality-adjusted quantity would be nonnal. (Iso-
J lines—representing constant physical quantity—would be represented by lines with
slope of -1.)

' That is, there exist some subfunctions ug and function U such that Ulx), x5, ... . xg) can be rewritlen as

Ul (xp )y uplxa). . jg(agh .. L ug(xg)), where xg is the vector of xgs, i€ G. Deaton begins with such a
madel 1o hes 1987 work.
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Figure 2--Second Stage Choice of Quality When Preferences are Weakly
Separable
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In the interest of providing a rcplication (as well as extension) on (]S, data of
Deaten's study, which estimated own-price (physical quantity) elasticities for four tood
commodities using data from the Ivory Coast, the econometric model specification has
been borrowed from Deaton (1986) in all but one aspect. The only difterence between the
specifications is that, due o data processing constraints, this paper does not attempt to
exploit interiemporal price variation. As in Deaton's (1986) work, only the demand for
food items will be examined; cross-price effects will be ignored; and a simple log-lincar
specitication will be used.

With relative prices fixed, the demand equation for elementary commodity i (a mem-
ber of group GG} for household h (located in geographical cluster ¢) can be obtained by
combining equations (8) and (2):

4 Later works by Deaton include cross price effects (1987) and share-form instead of log-linear functional
forms (1988). Extension of Deaton's methodology to the Hicksian case should not be complicated much
by such refinement. Application of these and other modifications 10 the U.8. data in the empirical example
that follows was preciuded by the author leaving the employment of the Bureau of Labor Statistics and
hence losing access to the physical quantity and geographical data. The performance of the model on 7.8,
data (discussed below) also implics that application of refined techniques to this particular data source may
be of somewhat dubious usefulness.
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9 %in(Qaih) = Xih (Qen®PeYn)} = xin(Pe.Yh)
where:
.= The M x 1 vector of group price levels in cluster ¢,

Becanse gg is a function of only the x;'s (i € (5, equation (5)), and Vg is a function of
only the x;'s (i & (3), the fixed basc prices and the group price level = g. These too can be
written as functions of only group price levels and income.

Deaton's (1986) equations relating physical guantity and unit value for cach commad-
ity to the independent variables can be writlen as (dropping the G subscripts for simplic-
Hy)

(I0) M0 e = 0tg + By In Yie + ¥q  2ne + 8q In Pe + f + Ugpe

tyin Vie=ov + By In Yee+ v 2pe + 0y In P + [ + uyyye
wher:

The observed physical quantity and urit valve of purchases of the
commadity by houschold h in cluster ¢;

Une AN Yy,

Yhe = The per capita income of houschold h in cluster ¢;
7he = A vector of demographic variables describing the houschold;®
P. = The price level of the commodity in the cluster o which household b
belongs:
t. = A cluster fixed cffect; and
Ugne and Uy, = Random crror terms.

“he cluster fixed effect in the physical quantity equation represents unobservable taste
variation across clusters and is assumed to be orthogonal to both P, and z,.. Such a fixed
cffect term is not included in the unit value cauation. hecanse if vadiatinn.inamit xalpes
scross clusters is due o systematic cross-cluster differences in tastes, the use of cross-
cluster comparisons for price clasticity estimation would be precluded.

Equations (10} and (11) cannot be directly cstimated, as the variable P, is not
chserved. Lstimation, according to Deaton's method, proceeds in four stages. First,
within-cluster estimation® of equations (10) and (11) yiclds estimates of the o's, B's, ¥s.
and variances and covariances of the error terms Oq4q- Ovv, and G4y. Second, cluster mean
physical quantitics and unit values arc purged of the effects of incormne and demographics
by subtracting

e wse of per capita theome and demographic variables are attempts to {erudely) adjust for the differences
i standards of hving achievable from a given household income and differences in the form of household
preferences across houscholds of different composition. Note that if there is relative price variation within
clusters. these equations are misspecified due to lack of terms for the within-group price relatives.

[ c eslimats I car St T . :
Ihat 3s. estimation with all variables expressed as deviations from cluster means, or equivalently, witl
dummy variables for clusters added to cach equation. The P terin drops oul.
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Eq InY . +7y, zcand ﬁv InY .+ 7.

from the respective left side variables. Third, d, a consistent estimate of 84/8v. is
calculated from the estimated variance of the new clusier mean unit value measure, myy,
the estimated covariance between the new cluster mean q and V measures, rﬁqv, the
estimated within-cluster error variance and covariance, and y, a measure of average cluster
size, according to the formula

myy - Gyviy
‘The o's arc subtracted from the m's because any covariance between ¢ and V within a clus-
ter is presumed to be due 1o measurement error.’ If unit value moved one-to-one with
market price (i.e., 8y = 1),  would be a suitable measurc of the price elasticity of
physical quantity, adjusted for measurement error. To allow for variation of quality with
price, a fourth stagc must be accomplished. The estimate from the various stages must be
combined with an equation that can be derived from the carlier identities:

0
(13)ev=1+@1—‘1

By

(A repetition of Deaton's derivation of this equation, in the notation of the present paper,
is given in the appendix.) The following equations, derived from equation (13) and solved
using the estimates of income ¢lasticitics at stage onc and § in stage three. yicld the
desired price elasticilies:

() By &
L - &(Bvs By

(15) By = 1+ BBy, By

Deaton (1986) regards éq as the estimated price elasticity of the commodity, and stops
here.

‘The use of the Hicksian composite commodity assumptions (which wc have seen are
implicit in Deaton's specification) extends the estimation procedure one additional step.
Instead of interpreting 84 as the price elasticity of the commuodily, it is seen to be the
price elasticity of the physical quantity of the commodity (dependent on the physical
metric chosen). The estimated price elasticity of demand for the commodiry is, by equa-
tion (3) in clasticity form,

7 Brrors-in-variables estimators of this type arc discussed and formulas for their asymplotic variance ase
derived in Deaton (1985, 1986) and Fuller (1975).
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(16) By=0,+ By

An expression for the approximate asymptotic standard error for this elasticity can be
derived using Taylor expansions.

AN EXAMPLE USING U.S. DATA

The diary component of the U.S. Consumer Expenditure Survey is used to gather
data on expenditures and quantities of {oods purchased for home use. The survey is con-
ducted by the Census Bureau for the Bureau of Labor Statistics. Respondents are asked to
record the dollar value of each purchase, the number of cans, bottles, etc. and the net
weight or volume per bottle, can, etc. Respondents are asked to record purchases for a two
week period. Information on household composition, income, employment, and expendi-
lures on other items purchased on a daily or weekly basis also is gathered. The survey has
been conducted on a continuing basis since October 1979: however, in order to ease com-
putation only data collected during the second quarter of 1985 are used in this study.
Prices are assumed to be constant within each geographical primary sampling unit (PSU)
over this three month period.

The quantity-related fields in the continuing survey data base are currently available
only intermally within the BLS. Until this study, they have been used only to check rea-
sonableness of the expenditure data. Nelson (1987) describes these data and the creation of
the data set used in this study. Seven groups of goods were not used for the present study
because of severe problems with nonreporting or nonstandard reporting of quantities of
items purchased. (For example, fresh fruits and vegetables often are recorded as being
bought by the bag, head, cic.) Quantities of the goods analyzed here have been recoded
into pounds, except for milk (quarts) and eggs (dozens). The absence of strong ditta quality
control procedures for gathering and coding the physical quantity data suggests that mea-
surement error may be a sizable problem.

The database for the second quarter of 1985 covers 1470 consumer units, but only
937 were used in the analysis. Consumer units were omitled from the sample if they only
completed one weck of the survey (282 households), did not report values for major
sources of income (243 houscholds), or reported negative incomes (eight houscholds). The
937 remaining consumer units were clustered in 102 PSUs representing both urban and
rural arcas.

‘The number of houscholds observed making quantifiable purchases of any compositce
commodity, however, ranges from a low of 269 for poultry to a high of 696 for milk.
Cine approach 1o dealing with the fact that many households do not report expenditures on
i commodity could be 1o treat no response as a true zero response and to estimaie the
within equations using a Tobit procedure and a different functional form. [f consumer
units who do not report such expenditure during the two week survey period probably do

¥ An cxprcss!nn for var (Bq) can be_foynd jn Deaton (1986), The following expressions were used in
celeulation of other variances, where p =, By

Vit a_é\ 1= (;;(:i\l,): var (&) + (55:,)2 vnr(f)) .
vir ‘-é(‘,) =41+ 5)(13{,]2 var (p) + [D + 1'15)\2/!3 var (E).
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purchase the good at some time (as is likely the case here), however, this formulation is
not immediately convincing. Complete analysis of the selection problems generated by
using only expenditure reporters for analysis would require a model not only of goods
demand, but of frequency of purchase as well. Rather than reflecting the influence of a
latent variable, zero/nonzero reporting of expenditure may reflect a certain probabilistic
element in observing consuming households doing their purchasing in any given time
period. Deaton (1986, p. 30) suggests that to the extent that this is the case and the prob-
abilistic element is uncorrelated with the other variables in the modet, the simple double
log model will yield consistent estimates (with only an adjostment to the intercept term).
While the possible problems involved can not be trivialized, this paper replicates Deaton's
study in using in analysis only households with positive purchases.

The within-cluster estimation of equations (10) and (11) was accomplished using
measures of physical quantity, unit value, per capita income, dummy variables represent-
ing each PSU, and 14 demographic variables representing the number of females and
males in seven different age classes. The income elasticities derived {rom these regressions
are reported in the top section of Table 1. {The income elasticity of expenditure is equal 1o
the sum of the other two elasticities.) The income elasticity of quality is positive for all
commoditics but mitk and eggs and, in some cascs, is highly statistically significant. In
contrast, the income elasticity of physical quantity is negative for all commodities but
beef and fish. U.S. consumers apparently substitute away from physical quantity and
toward guality with increases in income. The interaction of the two factors leads to
negative income elasticities of demand for six of the 11 commodities. While this may
seem odd, other cross-section studies of income elasticities in the U.S. for food at home
also have resulted in low (Blaylock and Smallwood) or negative (Haidacher er al. )y
estimates of the income clasticity of expenditure on some commodities. While factors
such as dieting may contribute to these negative income clasticities, the availability of
food away from home probably plays a large part, simple income clasticities of
expenditure (controlled for demographics) of .18 for tfood at home, .47 for food away from
home, and .31 for total food were estimated on roughly the same data sct.

The effects of the demographic variables and PSU dummics can be summarized
briefly.? Demographic variables tend 1o be highly statistically significant as a group in
the physical quantity and expenditure equations, as might be expected. The magnitudes
and signs of the individual demographic coefficicnts frequently show a larger positive
impact of an additional malc on househotd expenditures on the lood item, all else con-
stant, than for an additional female. The coefficients in the milk equation are particularly
interesting in tight of recent concern about the effect of calcium intake on women's
health: adult women ages 18 to 54 seem to make no marginal impact on household
cxpenditures, in contrast (o significant positive impacts for members of all other groups.
Demographics seem 10 make a statistically significant difference in quality choice only for
poultry, milk, and (marginally) sweets. 10 The PSU dummies are statistically insignificant

¥ Tables presenting the full results of the regressions and F-lests are available from the aushor.

19 The degree of variation of the unit value of milk purchases with demographics is somewhat SUrprisimg
given the relatively high degree of physical homogeneity (no pun intended) within this commodily group.
(Cream purchases seem to constitute only a small percentage of purchases in this group.) The existence of
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as a group, in the unit value cquation, for six of the 11 commodities. Considering that
interarea price variation is the key to estimation of price elasticities in this model, the
low value of this F-test found in the majority of the unit value equations is not encourag-
ing.

‘The remainder of Table 1 presents the results of the calculation of price elasticities. '

One of the intermediate computations, that of the within-PSU covariance to variance ratio
(or qulévv in the seventh row of numbers), is of particular interest. If one were to
assume that unit value represents exogenous price and that the sum of physical quantities
is the appropriate measure of quantity demanded, then this estimate would give one the
desired measure of the price elasticily.12 These price elasticities are appealing; they are all
of the hypothesized sign, all exhibil plausible values (varying from moderate inelasticity
10 moderate elasticity, and are all highly statistically significant. Unfortunately, they take
no account of quality issues, And if the assumptions of the Deaton raodel arc correct,
these elasticities of physical quantities with respect to local unil values would be entirely
the result of measurement error.,

Final estimates of price elasticities of demand are siatistically significant for only
_theenf the eleven commaddities theostimate efakecareaty pRtealvittaiy vifpitysiian’
(uantity is statistically significant for only one commodity, and for no commodity is the
estimated price elasticity of quality statistically significantly different from zero.13
Imprecision is clearly a major problem with this model and data.

The results for beef are the most intuitively appealing v sign and magnitude, though
only the final demand elasticity is (marginally) stalistically significant. The estimated
income elasticities of physical quantity, quality, and demand have positive signs. The
within-PS1J ervor covariance (o variance ratio (-.751) is the naive price elasticity estimated
vnder the assumption of no qualily variation and may represent only measurement error.
The across-PSU covariance to variance ratio, based on cluster mean physical quantitizs
and unit values purged of income and demographic effects, is -.741. Adjusting this for
measurement error {using equation (12)) results in a larger negative price elasticity
(-.803), in this case reflecting the relative importance of correction for atienuation bias.
Further adjustments for the endogeneity of quality choice gives an e¢stimate of the price

bulk discounts - lower prices per ounce for gallons than for quarts of malk - could be an added source of
variation tn unit value. Such discounts would add significant complexity to the analysis if it is assumed
that they create piece-wise linear budget consuraints, A possible rationale {or the current treatment migis
b provided by an assumption that smaller packages provide greater quality in the dimension of conve-
nience.

" Some of the results of Table | {the full set of income elasticities and the value of the price elasticities of
physical guantity, quality, and demand) previously have appeared in Nelson (1990).

12 That is, the scventh line of Table 1 also represents what the coefficient on I.n(V) in a regression of Ln(q)
on I.n(V), income, demographics, and PSU dummies. Such assumptions have been made by, for example,
Trmmer and Alderman (1979) and Timmer (1981) for Indonesian data. Of course. it could be that in the
Indonesian data quality variation and measurement error are not importaal.

11 Asymptotic standard errors with the related significance levels are shown only for 3, "éq, ﬁv, and ﬁq R
since By and Bgand differ from 8, and B, respectively, only by a constant.
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elasticity of physical gquantity of -.382. Unit value does nol rise one-10-one with price,
but rather rises only 476 percent with a 1 percent increase in price. A 1 percent exoge-
nous price increase causes a 524 percent decrease in the indicator of quality and a 382
percent decrease in physical quantity, leading (o a 906 percent decrease in the measure of
overall demand.

Bakery products and milk also have estimated price elasticities of demand that are sia-
tistically significantly different from zero. Though these final elasticities are of the
expected sign and not unreasonable in magnitude, the component elasticities exhibit
somewhat less intuitively appealing behavior. With the assumption of weak separability,
both income and exogenous price can affect the demands for the elementary goods only
through the demand for the composite commodity. Certain relationships between the price
and income effects hence are locked-in by the underlying model. In the case of bakery
£oods, an increase in income increases demand for the guality-adjusted commodity through
an increase in quality, accompanied by a small reduction in the physical quantity. In pre-
cisely the opposite manner, an increase in price reduces demand by decreasing quality and
increasing physical quantity, according to the sign of the estimated parameters.

The estimated income elasticities of physical quantity and of unit value are negative
for milk (though both are statistically insignificant). This conjunction of signs (in com-
bination with other magnitudes) leads to negative estimated price clasticities for physical
guantity, quality, and demand. In the case of milk, it would make little effective difference
whether one used the estimate of the price elasticity of physical quantity (-1.14) or of
quality-adjusted quantity (-1.15) as the estimate of the price elasticity of demand because
the price elasticity of quality is small (as well as insignificant). Unit value is estimated 1o
increase almost one-to-one with price.

For the remaining eight commodities, estimates of the price elasticities of ¢, v, and
() are not statistically significantly different from zero. Fstimales of the price elasticitics
for fish are not unreasonable (following the same patiern in sign as those for beef),
though imprecise. The signs on estimated elasticities for sweets and for other meats fol-
low the same pattern as for bakery products. The signs of the price elasticities of demand
for pork and for processed vegetables, if taken seriously, would imply that these are giffen
goods. Poultry cxhibits a demand clasticity of the expected sign, but a positive elasticity
of quality with respect to price. The imprecision of the estimates suggests that the signs
of the estimates should, bowever, not be subjects of undue concern.

In the derivation of estimates for cereals and eggs, the measurement error correction
appears 10 cause the cstimate of the price elasticity of physical quantity to change sign
(from negative 1o positive). In these two cases, the within-cluster covariance essentially
overwhelms the across-cluster covariance, as can be seen by substituting the values from
the table into equation (12). It might be better to report zeros as estimates for the remain-
der of the table for these two commodities, but the imprecision of the reported calcula-
tions also suggests that the estimates be treated as zeros. (The same sign switch occurs
with Deaton’s (1986) estimaltes for one commodity group, starches, for rural households,
for exactly the same reason.)
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DISCUSSION AND CONCLUSION

While Deaton used an ill-defined measure of food quantity in his estimation of price
elasticities using household survey data, a simple extension of his method yields a way of
estimating demand elasticities for theoretically valid Hicksian composite commodities.

The empirical results from U.S. data suggest that the theoretical distinction between
“physical quantity” of a commodity (i.e., the simple sum of physical guantities of
elementary goods) and “quantity demanded” (defined as a quality-adjusied quantity measure
with reference to aggregation theory), may be empirically important for some
commodities. Statistically significant demand elasticities are obtained for two of the
commaodities, while the corresponding price elasticities of physical gquantity are not
statistically significant. Price ¢lasticilies of quality, while often sizable 1n magnitade, are
estimated too imprecisely, like most of the parameters, for strong conclusions to be
drawn. For one commodity with a slatistically significant price elasticity of demand, the
price elasticity of quality appears to be small in magnitude, and hence the estimated
elasticities for physical quantity and quality-adjusted quantity are very close. The low level
of precision obtained for most of the price elasticity estimates in the U.S. data probably
is related to the structure assumed for price variation, The method developed by Deaton is
based on assumptions of an absence of real price variation within geographical clusters
and substantial price level variation across clusters. Considering the size of some of the
primary sampling units for the Consumer Expenditure Survey (c.g., the Los Angeles
standard metropolitan statistical area) and the weak performance of the PSUs in the unil
value equations, these assumptions are suspect. [t may be that real price variation within
the U.S. may be less related to geography (due to a well-developed transportation
network) and more related to locally varying factors (such as price discrimination or
supermarket promotional activities) than is compatible with Deaton's method.

Further research may yield a better database for estimation of price and income ¢las-
ticitics of demand for food, in which the constant relative price assumption underlying the
Hicksian formulation is morc plausible; the extension of Deaton's method described here
should be considered as one way of accomplishing such estimation. Meanwhile, however,
the contrast between the conceptually sophisticated, though largely statistically insignifi-
cant, results of applying the Hicksian model and the highly statistically significant, but
spurious, estimates derivable using a naive view of quality (in Table 1) should serve to
remind us that high or low t-statistics can not be taken in themselves as indicators of
good or bad empirical research.
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Appendix—Derivation of ldentifying Equation {(Source: Deaton, 1986}

Letting € denote price elasticity and B denote income clasticity, equation (4) in the
text implics

(A)Bp=1+86,+ 86,
(AZ)BE=O+BV+BQ

Denoting the vector of elementary goods in group G by xg
*  gycl
(A3) v = Vi (P X6, 46 = V6(xg) = valEg P )

where the third expression foljows from constancy of the base prices and the definition of
qg as the sum of the elements in xg and the last expression follows from equation (8), the
definition of Qg;, and the constancy of base prices.

Denoting the clasticity of a variable with respect to group expenditure by 1, and
noticing that group expenditure itself depends on income, (A3) implies

(A4) By = nPr:
(AS) 0, =m0 — 1)

Using (A2) to substitute for B in (A4), the resulting equation to substitute for 1, in
equation (A5), (A1) to substitute for 8¢ in (AS5), and finally (5) (in elasticity form) 1o
convert from guality 1© unit value lerms, gives

BV 9(_,1

By

the expression in the text.

(1I3) By =1+



