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Estimation of Price Elasticities from Cross-Sectional Data

Abstract

This study develops an empirical framework that can be used to estimate quality-adjusted price
elasticities from cross-sectiond data, which aretheoretically consistent and comparable to
elasticities from time-series data. The new approach shows the importance of properly adjusting
for quality variation in demand analysis.
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Estimation of Price Elasticities from Cross-Sectional Data
Estimating elasticities of consumer demand has been an important research issue in agricultural
economics. Theseestimates are usad to understand thebehavior of consumers and to establish
firm or industry-level marketing strategies and appropriate agricultural policies at the government
level. Past studies have generally estimated these elasticities using inter-temporal price
information from time-series data. Recently, however, there have been discussionsin the
literature on estimating demand elasticities from cross-sectiona data as this type of data becomes
increasingly available from either traditional survey or electronic scan. Important questions often
posed in the literature include: can we estimate price elasticities from cross-sectional data?; if so,
what is the theoreical background we should base on and what procedures should we egablish to
maketheseeladicities comparableto thase from time-seriesdata?

The objective of this study isto develop an empirical framework that can be used to
estimate price elasticities in cross-sectional demand analysis, which are theoretically consistent
and comparableto elasticities from time-series data. Traditionally, the demand analysis with
cross-sectiond data assumed tha all households or individuals face the same prices. In early
1950s, Prais and Houthakker argued that the pricevariation could exist in the cross-sedtional data
due to various reasons such as region, price discrimination, services purchased with the
commodity, seasonal effects, and quality efects. Since then, there has been a general consensus
in the literaturethat of these factors, price variation from regional and seasond differencesis
desirable for demand analysis (e.g., Cox and Wohlgenant; Friedman; and Deaton). In particular,
Friedman suggests that construding a demand curve from spatial datais essentially similar to
that from time-series data when conditions of supply vary considerably while conditions of

demand vary little, which is possible for products that have distinctive local markets with



different supply conditions. Therefore, it is suggested that if one can recover systematic price
variations due to regional and seasonal differences, it is possible to estimate price elasticities
from cross-sectional data that are comparable to those estimated from time series data.

The task of recovering the usalde price variation for the cross-sectional demand analysis
raises at least three important issues. First, the price variation which is equivalent to the price
variation used far the typicd time-series demand analysis must be clearly separated fromthe rest
of the price variations. In most cross-sectional data, it is common that expenditures and total
physical quantities are reported for a certain aggregate commodity. Here, expenditures and
guantities are nat all from homogeneous products, but represent aggregates of more or less
closely rdated substitutes. When prices of individual products change, consumerschoose quality
aswell as quantity. In other words, consumers respond to a price change by altering the
composition of their choice bundle. Asaresult, if one uses unit value--expenditure divided by
guantity--in the place of maket price for the demand analysis, this unit value series most likely
represents both price and quality variations. Therefore, it isimportant to single the net price
variations out fram the unit value series to obtain appropriate price elasticities. Second, in
addition to recovering quality-adjusted prices, it is also important to consider corresponding
quality-adjusted quantities (Nel son). Asdiscussed earlier, achangein price may lead to a change
in the composition of purchase bundle, which ultimately has the quality effects on both price and
quantity. For example, say Susan purchases 10 pounds of beef (5 pounds of sirloin and 5 pounds
of ground beef) for her household every week. When sirloin prices increase sharply due to the
shortage of the stock, Susan gives up purchasing sirloin and purchase 10 pounds of ground besf.

In this case, Susan still purchases 10 pounds of beef, but the quality of this beef is quite different.



A simple aggregation of physical quantity does not account for this problem. Finally, afew
econometric issues such as selectivity and simultaneity problems need to be addressed in order to
obtain appropride price elastiaties from cross-sectional data. When researchers use cross-
sectional data, in most cases expenditures (therefore, unit values) are not observed for non-
consuming households or individuals. Ignoring information from the non-consuming househol ds
may lead to biased estimates. One can take care of this problem by using either Tobit or
Heckman’ s two-step selection model. However, if one needs to estimate a two equation system
(e.g., expenditure and unit value equations or quantity and unit value equations) to account for
the endogeneity of the unit values, she can dso encounter simuitaneity problem because
disturbance terms of two equations are most likely corrected. This problem becomes more
apparent particularly when two equations are estimated from truncated data. Thisis because
when expenditure (or quantity) is unobserved, unit value is also unobserved..! We address all of
these three issues inthis study.

The outline of this paper isasfollows. The next section demonstrates the potential
problem of ignoring quality effects from the cross-sectional demand analysis and devel ops the
relationship between biased price elasticities and corresponding true elasticities. It isthen shown
that the biased elasticities can be corrected via gopropriate analytical and econometric
procedures. We first discuss previous attempts to estimate price elasticities from cross-sectional
data and then propose a simple procedure that produces unbiased and theory consistent price
elasticities. Unlike previous studies (e.g., Cox and Wohlgenant; Goldman and Grossman;
Cowling and Raynor), our approach directly derive quality-adjusted price elasticities based on

traditional consumer demand theory. The last section provides an illustration of our procedure



using the 1996 Mexican food purchase survey. This datais chosen becausethis type of research
ismore needed and useful in developing countries than developed countries. Thisis because few
devel oping courtries have good quality time-series data that can be used for demand analyss

while these countries often have periodic cross-section survey data available for researchers.

What Would Happen If Quality Effects Are lgnored?

Most cross-sectional data provide records of expenditures on the commodty (with a certain
degree of aggregation) and quantity purchased. In the case of household food consumption
survey data, households are typicdly asked about their food expenditures and quantities for the
previous week. In case of scanne data, this type of data contain more detailed purchase
information includng price and quantities by size, brand, and various product quality
characteristics. However, researchers often aggregate these the purchase information in terms of
total expenditures and the sum of physical quantities for some aggregate commodities due to
difficulties in modeling the consumer behavior for individual products.

In consequence, a common practice to obtain price information is that researchers divide
the total expenditures spent to purchase products in the commaodity group by total quantities and
use these “unit values’ as corresponding commaodity prices. However, the unit valueis not the
price of the commaodity that can be readily used for the demand analysis (Deaton; Cox and
Wohlgenent; Prais and Houthakker). Thisis because the unit value reflects quality aswell as
price variation. Let’srevisit Susan’s shopping record on beef. If initial prices of sirloin and
ground beef were $6.5 and $1.5 per pound and later pricesincreased to $10 and $2, repectively,

corresponding unit val ues decreased from $4 to $2 due to the change in Susan’ sfood basket. In



this case, the change in unit value does not correctly reflect the change in the true price of beef.
While prices of both sirloin and ground beef went up, the unit value went down. In fact, the
price elasticity calculated using unit values would eroneously indicate no consumer response to
the change in beef price. Unit values do not take into account changes in the composition of the
aggregate commodity. Consumers choose not only quantities but also qualities of the
commodity. If consumers do not change the proportions of each product in the commodity group
in response to changes in price, income, and other exogenous demand shifters, the quality effects
would be zero and inturn, the use of unit values can be justified. However, thisislesslikelyto
happen inredity.

Suppose that for each aggregate commaodity group A, there are N elementary produds and
prices of these products vary proportionally. Also, let P and P* be vectors of observed product
prices and relaive prices of each product in the commodity group A, respectivdy. Further, let P,
be the price of aggregate commodity. Then, the relationship between observed prices of
individual products and the corresponding aggregate commaodity prices can be denoted by

(Deaton):

@ p=pF

) .= P'x

Equation (2) indicatesthat an appropri ate measure of the aggregate commaodity quantity Q, can

be formulated by the relative price weighted sum of physical quantities of elementary produds.



Equipped with definitions of P, and Q,, now we can explore the relationship between
unit value vV, with P, and Q,, and then eventually between V,, P,, and the quality measure L,.
Following N eson, the quality measure of a commodity L , is defined by the ratio of the Hicksian
composite good quantity to the sum of physical quantity, i.e. L, = Q,/q,, Whereq, =  X;.
Therefore, the quality level of the commodity increases with the proportion of higher-priced

elementary products. The unit value V, isthen written as:

3 E, Px P
(3) V= —A - AQ‘*:}SJALA
=0 =3P =)

where E, isthe total expenditure spent on commodity A. Taking the natural logarithm of
eguation (3) produces:

4) Inly=In~F,+1Inl,

Equation (4) clearly shows that the unit value includes quality factor as well as price variations.
As aresult, unless effects of the quality component are zero, i.e., InL,/ InP, =0, theuseof V,
in the place of P, would lead to the biased demand andysis.

To examine the effect of price changes on quality, weextend Deaton’ s derivation for our
purpose (p. 422, Deaton). Assuming weak separability on the consumption of commodity A, the
vector of product demand x can be wri tten as afunction of total expenditures on commodity A
and the vector of prices of each producti. Since the demand functions of these elementary
products are homogeneous of degree zero in total expenditures and prices, the vector of product

demand X is represented by:
E.ﬂl *
x=J(&,,F)= f(?,P )
A
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Then, from equations (2) and (3), L, isonly afunction of x at agiven P* and in turn, is afunction
of E,/P,. Thatis:

E
5 Ly = L2
®) 4 A(Pﬂ)

Differentiating equation (5) with respect to P, gives:

] Jinl, _  Fnl, Gl JnE,
©) FInP, SIn(E,/P,) &In(E,!P,) FnP,

Also, taking the natural logarithm of the relationship, E, = P,Q, and differentiaing it with
respect to InP, produces:

An & Fl An L ri -
=]+ —=+
) AnP, AnE, *

where” » = Ingy/ InP,, the elasticity of total phydgcal quantity with respect to aggregate
commodity price P,. Substituting equation (7) for the last term of equation (6) yields:

o AnL, 5 AnL,/ An(E, | B)
® AnP, 1- Anl, ! An(E, / P,)

GivenP, (i.e, P,/ M =0), differentiating equation (5) with respect to the total income M and

rearranging it for InL,/ In(E,/P,), we have:

9 ﬂnLA _ fig
®) An(E, fFy) ot By
where = InL,/ InM, the quality elasticity with respect to the income M, and’\M =



Ing,/ InM, the elasticity of total physical quantity with respect to the income M. Substituting

equation (9) fortheterm InL,/ InE, in equation (8),we now have:

An L g
(10) 4 _p?

AnP, 5,

Then, by equations (4) and (10), we have:

aﬂﬂl];’:l .'.T"-‘lﬂfpﬂ —1+ ’??P oy

AnB, T AP, T A

(11)

Equation (11) suggests that quality effects cannot be ignored unless either " p Or isperfectly
inelastic, which seems quite consistent with our intuition. Therefore, if one erroneously

estimates price elasticities using unit values, one would obtain:

dlng, dng,/dAnF =&

(12) dinV, AnV,/ AnP, . By
+

Equation (12) shows that the use of unit values for the estimation of priceelasticity will overstate
the price elasticity in absolute value because the price elasticity is negative for normal goods, and
the product of price € adtici ty’\ » and quality elasticity with respect to income isnormally
smaller in absolute vaue than the income elasticity " v (Deaton).

However, note that the price elasticity employed in equation (12) is the price elasticity of
the sum of physical quantity (q,). AsNelson pointed out, the assumption of homogenous

separability does not justify the use of a simplesum of physical quantities for the commodity



demand. To address this problem, it has been recommended in the literature that researchers use
proper quantity indices (Nelson; Deaton and Muellbauer). To this end, we use the Hidksian
composite commodity index (Q,) in thisstudy. The use of g, in the place of Q, may also lead to
the biased results.

Similar to equation (11), differentiating Ing, with respect to InQ, providesthe andysis
for this problem as

Flng , =§'ln(QAfLA)=1_ Fln L, _q- il
&Fln 3, Flni2, Fln E ¢+ 17,

(13)

The last term of equation (13) follows from the assumption of fixed P,. Hence, equation (13)
indicatesthat unless =0, the use of g, isnot justified for the estimation of the price elasticity.
To examine the effects of using g, in the place of Q, , we first derive the relationship between
price elasticitieswith g, and Q,, i.e., " L =ding/dinP, and = dInQ,/dInP,, as:

. dlng, And, Anl, i i
(14) By = = - =T
FodInP, AnF;, AnF; ey

Then, rewriting equation (12) using the relationship derived in equation (14) gives anew

analyticd result as:



d1nl, 7,
(15) ni’, 1+«??‘ﬁ

Unlike Deaton’ s result described in equation (12), eguation (15) indicates that the use of the unit
value and the sum of physical quantities, V, and q, , in places of quality adjusted price and
quantity, P, and Q,, does not necessarily overstatethetrue pricedagticity .. Assuming the
typical negative price elasticity, the direction of “biasness’ depends on the level of the true price
eadicity .. When ,isunit elastic, there would be no bias. However, if, as expected, ding,/
dingVv, <0, »,<0, >0,",>0,and| |<[ ] aninelastic ,would be understated while an

elastic ,would be overstated.

How to Correct for Quality Differences?
Analytical results from the previous section suggest that if one does not take into account quality
effects in both price and quantity, a biased price elasticity is estimated. To avoid biased
estimates of price elasticities, it is necessary to construct price series that reflect true price
variation and corresponding quantity demanded for the demand analysis. We will first provide a
brief review of previous approaches (Theil; Houthakker; Deaton; and Cox and Wohlgenant), then
develop a simple procedure that can be used to estimate quality-adjusted priceelasticities.

Theil and Houthakker provide theoretical frameworks that recognize quality efectsin
estimating demand functions. Both studies pose the utility maximization problem, where the

level of consumer’ s utility is afunction of both quantities and qualities. Theil assumes that
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quality factors of aggregate commodity are reflected in its composite price and quantity is
defined as the sum of the physical quantities of elementary goods in the commodity group. A
similar framework was presented in Houthakker, except that both quality and quantity factors are
reflected in thecomposite price of the commodity. Armed with this conceptual background, both
studies thoroughly analyzed the behavior of unit values, but their efforts fall short of estimating
appropriate price elasticities.

Estimating quality adjusted price dasticities from cross-sectional data requires oneto
develop proper econometric procedures that account for quality effects included in price and
quantity data due to the produc aggregation. The most common gpproach to thisendisto
employ a hedonic pricing approach. The basc idea of this approach is that the quality
component of commadity price can be completely described by a vector of quality
characteristics. One way is to estimate implicit prices of different quality characteristics across
commodities and then to net them out except for those from sources of true price variations that
can be used for the cross-sectional demand analysis. What are the sources of these price
variations? Among the sources of price variations identified by Prais and Houthakker, many
studies in the literature support the proposition that price variations induced by regional and
seasonal differences are most desirable for the estimation of demand functions from cross-
sectional data (e.g., Cox and Wohlgenant; Deaton; Friedman). In this case, the proposition
assumes that the relative price structure, particularly the supply side, is fixed within each
geographical area (e.g., regon or market) at a given time period (e.g., season, month, etc).
Hence, individuds or households in the same geographical area ae supposed to face the same

market price and its variations, which are attributed to differences in supply conditions of
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different regons and seasons.
A hedonic price function, typically used in the literature, can bewritten for each

commodity i as:

(16) V=t Z YeCy
J

where , can be interpreted as the quantity price and the second term represents the sum of

va ues of qual ity per each unit of commodity i (see equation (4) for the justification of this
interpretation). Here, the intercept term ; can also be interpreted as the regional/seasonal mean
price because if one can control for al the differencesin quality characteristics (including
regiona and seasonal factors), ; should be the same across regions and seasons. From equation

(16), the deviations from regiond/seasonal mean prices (RDMP) is written as:

(17) RDMR =V,- & =2 %Gy +e
g

Equation (17) indicates that the variation of RDMP can beexplained by the variation of quality
characteristics. Sincee’s are residuals from the regression equation, if one leaves regional and
seasonal factors out while completely controlling for all other quality factors, e’ s reflect price
variations solely induced by the regonal/seasonal differences. Then, the quality adjusted prices
P,; for commodity i can be generated as (Cox and Wohlgenant; Cowling and Raynor; Goldman
and Grossman):

(18) Py = o + &
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One of advantages of this type of hedonic pricing approach is that this approach does not
need to identify the boundaries of regional markets to obtain the price vaiation due to the price
difference in regional markets. However, akey limitation is that the price variation produced by
this approach may not be solely from regional and seasonal differences. If equation (17) includes
all of the major quality characteristics of commodity, except for regional/seasonal indicators, the
residual term e’ sreflect price variations from these left-out factors. However, thisis amost
impossible because it is quite difficult to identify major quality factors that may affect variations
of unit values and, more importantly, researchers do not have access to this type of data. Hence,
researchers frequently rely on proxy variables such as household demographic characteristics. As
aresult, theresdual term e in equations (17) and (18) may not represent price variations solely
due to regional and seasonal differences, but still contain some of the quality efects. Alternative
way of constructing hedonic pricing equation may be to directly estimate region- and season-

based price variations by adapting equations (17) and (18) &s.

(19) RDME =V, - & =2 aD; +§a;k5;k +Z;ss;zr:;; + g
g

(20) Pﬂirk = O+ Oy + Oy

where D, and S, are regional and seasonal indicator variables and P,;;, is quality adjusted price
for commodity i inregion j in season k. The new price series P,;, completely satisfies the
theoretical argument in the literaure (Deaton; Friedman). Since this new price series reflects
price variations caused by different supply conditions of each region and season, everyone in the
same region for a given time period faces the same quality adjusted price. A major limitation of
this approach is that researchers need to identify correct market boundaries for regional markets

13



that have different supply conditions and consequently different prices. Not only thistak is
difficult to achieve, but also many data sets simply do not contain enough information to
construct sufficient level of price variations across regions (for example, the 1994 USDA food
consumption survey include only four regons).

Our study develops a new procedure to overcome these limitations in previous
approaches. We analytically derive the quality-adjusted price elasticity using relationships
between unit value and true commodity price. In eguations (4) and (11) of the previous section,
we were able to decompose the variation of unit values into two parts: variation due to price and
quality. Theserelationships are all conceptudly based on the Hick’ s Composite Commodity
Theorem, which will lead to quality adjusted price dasticities. By the definition of quality

adjusted price d agticity with thetotal physica quantity g, (A ») and equation (11), we have:

- adln An Ank . o g
dinfF, Anky,  An P e
— E?F - -‘?j;
1-— %
Fag

where " v =dIng,/dinV,. Equation (21) indicatesthat the qual ity adjusted price eadti city " b
can be derived from the unit val ue d agticity ", theincome daticity ",,, and the quality
dagicity . Elasticities,”, and ",,, can be obtained from traditional quantity-dependent
demand equation with unit value and income as explanatory variables, and the quality elasticity

istypically estimated from unit value equation with an assumption of dinP,/dinM = 0 (see
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Houthakker and Prais; and Deaton for similar applications).

For the quality-adjusted price el asticity with the aggregate commodity quantity index Q,,

» = dInQ,/dInP,, we need to account for quality effects in aggregating quantities aswell. The

issue of quality effects in quantity aggregation has been mostly left aut in the literature while
most studies have sought to control for quality effects in the measurement of price vaiation.
However, the quality adjustment in the measurement of quantity variation may well be important
particularly when elementary products are quite heterogenous. Although the data for Q, is not
usually available from most data sets, thisindex can be easily recovered from the relationship, E,
= Q, P,. However, the estimation of demand equation, Q, = Q, (P, | Z), whereZ represents a
vector of demand shifting factors, is flawed due to the perfect correlation between Q, and P, .
To avoid this problem, we propose to estimate the Engel equation, E, = E, (P, | Z), instead of a
quanti ty-dependent demand function. Then, we can recover the priced agticity  from estimates
of the Engel equation. To show this procedure, taking the natural logarithm of equation, E, =
Qx P,, and differentiating it with respect to InP, gives:

tﬂn EA Lﬂn V.ﬂ _|'f.:?

= -1= ' 1= 1+ 5, =
(22 e T g AnV, AnP, sy (Lt 372 e

-1

where ., =dInE,/dInP, and ., =dInE,/dInV,. Equation (22) seemsto indicate that in

addition to the estimation of quantity (g,) and unit value (V,) equations, researchers also need to
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estimate Engel equation (E,) to get AEV . We suggest to estimate a two equation system with

Engel and unit value equations. A conventional specification of Engel equation with unit value

as one of explanatory variables resultsin '\EV while the uinit val ue equation provides

Elasticities, ", and " ,,, are derived from the Engel equation. First, we take the natural

logarithm of equation E, = g, V, and differentiate it with respect to InV,, which leads to:

(23) ?]?V = ?E?EV -1

Then, differentiating E, = q, V, with respect to M yields:

(24) Mae = Hgsa = 9

where AEM =dInE,/dInM. Therefore, equations (21) - (24) suggest that the two equation system

that includes Engel and unit value equations would directly estimate elasticities, ", ‘&, and
, and with derived elasticities, ",, and " ,,, conveniently produce both quality-adjusted price

dasticities,” »and .. These price elasticities are consistent with consumer theory and

comparable to those estimated from time-series databecause quality effects are explicitly

eliminated through the derivation.

An Illustration

In this section, we apply the theoretical framework developed in the precedng sectionsto
the 1996 Mexican food purchase data. The Mexican data is a nation-wide survey dataon
household expenditure and income and was collected by the Instituto Nacional de Estadistica,
Geografia e Informaticain 199. Surveyed households were asked to maintain diay for their
daily expenses during seven consecutive days and the survey data were compiled with various
demographic characteristics of each household. There were 12,580 householdsin the initial
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sample, but we selected only urban residents, reducing the sample to 6,394 households. The
decision was made to avoid potential biasin estimates of price elasticities due to self-produced
foodsin rural areas. Table 1 provides the definition of exogenous variables used in our
econometric model along with sample means and standard deviations. Our model hypothesizes
that household decisions on the level of food expenditures and unit values are affected by
household characteristics, the level of meal planners’ education attainment, the age composition
of household members, and region and location of residence. The third column of Table 1
identifies the variables used in unit value and expenditure equations. Table 2 presents purchase
frequencies, means, and standard deviations of weekly food expenditures, quantities, and unit
values. It appearsthat gran isthe most frequently purchased while seafoad is the least
frequently purchased commodity. Thisindicates that the selectivity problem may affect
estimates of seafood equation most signi ficantly.

Since ignoring censored nature of the data and simultaneity issue between expenditure
and unit value equations would produce biased coefficients, atwo-equation system needs to be
estimated. An empirical specification of the expenditure and unit value equation may be
expressed as:

gy toynVy ve'Z ta, ifE;>0

\ othe rwise

(25)E , = {

G AE + 5. FEy >0

aotherwise

(26) Inl; = {D,
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where vectors Z and X, represent household characteristics described in Table 1. Estimation of
two censored equations simultaneously has been well documented in the literature (e.g., Wales
and Woodland; Dong et al). Following Wales and Woodland, and Dong et al, we assume a joint

normal digributionwith mean vector of zero and variance-covariance matrix , where
2
oy Oy
£ = 5
01y Oy

Then, the combined likelihood function for both purchasing and non-purchasing househddsin
the samplesize N is:

ity N
(27) L(gaﬁ?Q|EA?1nVA) = 1_[ H(Slz'?SEz';ﬂ?Q) 1_[ (D(—K‘!.)
i=1

=0+l

where M is the number of households which purchase the commodity; and n(.) and (.) denote
the bivariate normal density functionfor ,, and ,, and the standard normal distribution,
respectively, and = o+ ,( o+ X))+ LZU( 2+ [ 2+2 , )" (seewdesand

Woodland for the derivation of ). By taking logarithm of equation (27), we have

M I
(28)In L = > {-05In2 r -05Q05 5’2 53+ > Ind(—x)
iml

imbd+]l

where | =[E, - o- 4nVu- ,Z,InV, - - /X].
Maximum likelihood estimates and corresponding standard errors were obtained by

maximizing equation (28) using GAUSS program and werereported in Table3. For the unit

18



value equation, higher income households appear to pay higher prices (maybe to purchase higher
quality products) while households with large family size purchase lower price products. The
age of meal planner does not seem to be a significant factor in determining unit values except
vegetables and non-alcoholic beverage equaions. Overall, more educated med planners tend to
look for higher-quality foods with exceptions from vegetables beans, and non-alcoholic
beverages. It isaso shown that regional location of residence isimportant determinant of unit
values. With regard to the expenditure equation, household income and size are significantly
positive factor on expenditure. The attainment of meal planners’ education appears to have
negative impact on expenditures on beans and grain while it affects positively expenditures on
meat. Again, regional location of residence significantly impacts on the level of food
expenditures. High correlation coefficient ( ) isreported for seafood and beans. Recall that
these two commodities show the lowest purchase frequenciesin Table 2 Thisresult supports
that the issue of sdectivity should be addressed along with the simutaneity prablem.

Computing price elasticities from censored regression of equations (25) and (26) requires
unconditional expectations of E,; and InV ,; for both purchasing and no-purchasing househol ds.
They are:

E(E )= E(EL|E, >0)-prob(E , »0)+ E(E L E, =0)-prob(E , =0)
E(E4|E 4 >0) Pix))

(29)

e ey + a, (B, + B X))+ ey 2]+ .;ﬁ(xz.)‘f-:rf valol + 2a,0y

19



1 E070)= EQV|Ey > 00 )+ Bl |E 5= 0)-(1- 0(x,)
& = ﬁan ﬁlanz'

In the previous section, it was suggested that elasticities, AEV, AEM ,and beestimated from

regression equations. Elasticities, AEM, and , can be easily estimated from equations (29) and
(30), but '\EV can not be estimated from equation (29) because the unit value is not found in the
right-hand-side of the equation. To obtain AEV , We derive expectations for E,; given unit value

as’:

(L) E(EZ4ln¥ ) = POCDLg + aplnly + @' Z ]+ d D) f1- &

where ;= ot 1|nVAi+ 2L+ 12(|nVAi' 0- 1lxi)/ 22]/ 1(1- 2)1/2and

»l 1 , From

N N
v.and , to

equations (30) and (31), we can now obtain all the elasticities AEV, AEM, ,
compute price elagticities,” »and ,andresultsare summarized in Table 4.

Most elasticities show the correct sign and are significant. The elasticities reflect the
unconditional response to a change in each independent variable and approximate standard errors
were derived usng the Delta method from the estimated parameter variance-covariance matrix
(Green, p297). Our primary concern is with the comparison of qudity adjusted (A pand ;)
versus unadjusted price elasticities (A v)- Resultsin Table 4 are consistent with our findings from
the analytical analysisin the precading sections. Unadjusted unit values tend to overstate the
quality-adj usted price d aticity " - With regard to the adjusted price elasticities in both price
and quantity (A 5), It appears that unadjusted unit vdue understate the inelastic priceelasticity

whileit overstatethe elastic priceelasticity. Although the differences in magnitude may besmall
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for some product (e.g., non-alcoholic beverage), the differences between unadjusted and adjusted
elasticities are overall significant. Our results suggest that erroneous use of unit valuesin the

place of quality adjusted prices may lead to biased policy implications.

Conclusions

This study develops aframework that can be used to estimate quality-adjusted price elasticities
from cross-sectional data, which are theoretically consistent and comparable to elasticities from
time-seriesdata. Our new approach shows the importance of properly adjusting for qudity
variation in both prices and quantities. The new framework improves previous studies at least in
three ways. First, we explicitly eliminate quality effects from unit values based on
microeconomic theory. Second, we account for both sample selection and simultanety problems
in estimating demand equations. Finally, we also consider quality effects in aggregating
guantities for thecommodity group. Our analytical results clearly show that ignoring qudity
adjustment in either prices or quantities could produce the biased demand analysis. If the unit
value and the sum of physical quantity areused for the estimation of price elasticity, the price
elasticity may be overstated. However, when quality adjusted price and quantity are used, the
direction of ‘biasness’ depends onthe level of the price elasticity. If the priceelasticity isunit
elastic, there would be no bias. However, an inelastic price elastiaty would be understated while
an elastic price elasticity would be overstated. Our analytical framework was applied to the
estimation of the Mexican food demand, and the empirical results were consistent with fi ndings

from analytical derivations
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Footnotes

1. One might also raise a simultaneity issue for demand equations across products. However, as
pointed out by Cox and Wohlgenant, this type of approach to modeling would lead to the
potential of intrectable model solutions.

2. See Dong et a and Wales and Woodland for the derivaion in detail.
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Table 1. Descriptive Statistics of Exogenous V ariables U sed in the Econometric Model.

Standard
Variable Description Equation Mean Deviation
Household Characteristics
HHINC Monthly household income (1,000 pesos) UV, E 9.51 9.21
HHSIZE Number of household members (#) UV, E 4.38 2.05
MPAGE Age of meal planner (years) UV, E 41.18 14.56
REFRIG Household ownsa refrigerator/ffreezer (0/1) UV, E 0.80
EST1 Reside in major metropolitan area (0/1) uv 0.42
EST2 Reside inarea with population more than 100,000 (0/1) uv 0.29 -
Meal Planner Education Attained
PRIMED Have completed grade school (0/1) UV, E 0.22
SECED Have completed secondary school (0/1) UV, E 0.29
HIGHED Have completed high school (0/1) UV, E 0.29 ----
COLLED Have completed college education (0/1) UV, E 0.10
Household Composition
PERLTG6 Proportion of membersless than 6 yearsold (%) E 0.12 0.16
PER6_15 Proportion of membersbetween 6 and 15 yearsold (%) E 0.19 0.20
PER16_24 | Proportionof membersbetween 16 and 24 years old (%) E 0.18 0.22
PER45_65 | Proportionof membersbetween 45 and 65 years old (%) E 0.15 0.24
PERGT65 Proportion of membersolder than 65 years old (%) E 0.06 0.19
Region of Residence

REGCEN Aguascalientes, Hidalgo, Morelos, Puebla, Tlaxcala (0/1) uv, E 0.12 ----
REGNC Durango, San Luis Potos Queretaro, Zacatecas (0/1) uv, E 0.07 ----
REGNE Coahuila, Chihuahua Nuevo Leon, Tamaulipas(0/1) uv, E 0.17 ----
REGNO Baj California, Baja California Sur, Sonora, Sinalo (0/1) UV, E 0.10
REGOCC Nayrit, Jalisco, Colima, Guanajuato, Michoacan (0/1) UV, E 0.20
REGS Guerrero, Oaxaca, Veracruz (0/1) UV, E 0.06
REGSE Y ucatan, Tabasco, Quintana Roo, Chigpas, Campeche (0/1) UV, E 0.17

Note: “UV” and “E” denote whether the variable is used in the unit value (UV) or expenditure (E) equation.
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Table 2. Commodity Purchase Fregquencies and Average Purchase Satistics.

Mean Mean Mean
Commaodity Percent Expenditure Quantity Unit Value
Meat* 89.24 57.21 2.80 20.98
(45.48) (2.14) (5.85)
Beef 67.91 34.54 1.40 25.63
(26.60) (1.06) (6.42)
Seafood 24.65 18.88 0.98 21.88
(22.26) (2.03) (11.50)
Vegetables 88.38 17.26 3.90 5.00
(13.82) (3.14) (2.95)
Grain 98.51 33.58 8.44 4.82
(23.84) (6.16) (3.33)
Beans 58.68 13.48 1.60 8.66
(9.96) (2.13) (2.59)
Nonalcoholic 70.46 19.40 13.90 5.88
Beverages (16.78) (20.32) (17.55)

Note: Percent isequal to the percent of householdsthat purchased the respective commodities. Mean statistics

represent means of purchase households only, standard deviations are given in the parentheses. All quantities are

in kilograms, except the beverage category which isin liters.

* Meat includes beef, pork, and poultry.
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Table 3. Estimated Coeffi cients from Econometric Modd, by Commodity.

Equation Meat Beef Seafood Vegetable
Variable Unit Value Expenditure | Unit Value Expenditure | Unit Vaue Expenditure | Unit Value Expenditure
I ntercept 2.940* 1.073 3.131* 1.152 2.652* 1.557 1.511~* 0.190
In(Unit Value) -0.136 -0.269 -0.649 0.054
In(HHINC) 0.088* 0.272* 0.070* 0.177* 0.148* 0.198* 0.064* 0.044*
HHSIZE* 0.210* -0.519* 0.193* -0.300* 0.210* -0.031 0.163* -0.213*
MPAGE 0.000 0.002* 0.000 0.000 0.001 0.000 -0.001* 0.000
REFRIG 0.032* 0.091* 0.025* 0.081* 0.047 0.060 -0.021 0.008
EST1 0.013 0.049* 0.065* -0.044*
EST2 0.017 0.024* -0.015 -0.005
PRIMED 0.025 0.037 0.016 0.034 0.048 0.001 -0.006 0.002
SECED 0.032* 0.078* 0.014 0.061* 0.078 0.083 -0.006 0.005
HIGHED 0.050* 0.082 0.030 0.064* 0.120* 0.092 -0.006 0.003
COLLED 0.043* 0.013 0.037 -0.000 0.152* 0.137 0.011 -0.018*
PERLT6 -0.069 -0.106* 0.005 -0.027
PER6 15 0.015 -0.028 0.027 -0.006
PER16_25 0.035 0.011 -0.050 0.001
PER45_65 0.061 0.050 0.071* 0.028*
PERGT65 0.066 0.064 0.005 0.017
REGCEN -0.028 -0.183* -0.010 -0.153* 0.015 -0.054 -0.054* -0.034*
REGNC -0.015 -0.290* -0.078* -0.154* -0.191 -0.126 0.023 -0.071*
REGNE -0.067* -0.230* -0.143* -0.133 -0.092 -0.182* 0.076* -0.131*
REGNO -0.060* -0.205* -0.060* -0.110* -0.031 -0.001 0.193* -0.081*
REGOCC 0.023 -0.191* 0.007 -0.079* -0.060 -0.95 -0.092* -0.082*
REGS -0.038* -0.116* -0.019 -0.134* -0.289* -0.096 0.082 -0.065*
REGSE -0.120* 0.037 -0.149* -0.101* -0.258* -0.086 0.160* -0.087*

2, var. of Exp. 0.177* 0.118* 0.290* 0.019*

2, var. of UV. 0.072* 0.076* 0.232* 0.132*

0.229 0.391* 0.821* -0.000

* Indicates ggnificance a the 5% level.

27




Table 3. Estimated Coefficients from Econometric Model, by Commodity (continued)

Equation Beans Grain Nonalcoholic Beverages
Variable Unit Value Expenditure Unit Value Expenditure Unit Value Expenditure
I ntercept 2.096* 1.301 1.007* 0.357* 1.242* -0.036
In(Unit Value) -0.565 0.037 0.078
IN(HHINC) 0.032* 0.006 0.140* 0.071* 0.015 0.086*
HHSIZE™ 0.070* -0.208* 0.532* -0.353* 0.257* -0.039
MPAGE -0.000 0.001 0.000 0.002* -0.005* -0.000
REFRIG 0.032* -0.027* 0.045* -0.019* -0.060 0.013
EST1 0.021* 0.083* 0.068*
EST2 0.012 -0.037* 0.100*
PRIMED 0.008 -0.017 0.065* -0.008 0.009 0.006
SECED -0.008 -0.050* 0.155* -0.038* -0.026 0.000
HIGHED -0.014 -0.069* 0.244* -0.055* -0.081 -0.004
COLLED 0.024* -0.065* 0.341* -0.084* -0.063 -0.031*
PERLT6 -0.017 0.009 0.001
PER6_15 0.052* 0.167* 0.012
PER16_24 0.019 0.057* -0.002
PER45_65 0.010 0.001 -0.068*
PERGT65 -0.026 -0.007 -0.085*
REGCEN 0.005 -0.183* 0.125* 0.020 -0.212* 0.043*
REGNC -0.041* -0.290* 0.071* -0.019* -0.007 0.090*
REGNE -0.078* -0.230* 0.077* -0.084* -0.046 0.199*
REGNO 0.104* -0.205* -0.010 -0.084* -0.161* 0.100*
REGOCC 0.169* -0.191* 0.126* 0.018* -0.519* 0.135*
REGS -0.098* -0.116* 0.070* 0.044* -0.124 0.075*
REGSE -0.181* 0.037 -0.015 -0.031* -0.497* 0.194*

2 var. of Exp. 0.046* 0.043* 0.045*

2 var. of UV. egn 0.060* 0.244* 0.841*

0.776 0.254 -0.389

* Indicates significance at the 5% level.
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Table 4. Comparison of Price Elastidties.

------------------------- Commodity — ---------------m-m-moeo-
Nonalcoholic
Elasticity Meat Beef Seafood Vegetables Beans Grain Beverages

AEV -0.238 -0.871 -5.619 0.298 -5.215 0.105 0.402
0.088* 0.070* 0.148* 0.064* 0.032* 0.140* 0.015

" 0.451* 0.489* 0.528* 0.261* -0.099* 0.213* 0.445*
" -1.238 -1.871 -6.619 -0.702 -6.215 -0.895 -0.598
" b -0.952 -1.423* -1.853* -0.571" 0.848 -0.327* -0.585"
b -1.183 -1.662* -2.573* -0.757" -0.289 -0.962* -0.606™

Note: "L~ dInE,/dInV,, ,

N\ d =din,/din, , "= ding,/din, ,* = ding,/dInV, ,
= ding,/dIinP, ,” = dInQ,/dInP,

* and ** indicate significance at the 5% and 10% levels, respectively.
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