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Prices and Quality Effects in 

Cross-Sectional Demand Analysis 

Thomas L. Cox and Michael K. Wohlgenant 

A conceptual clarification of the sources and meaning of cross-sectional price 
variability is used to motivate a theoretical and econometric framework for the 
estimation of cross-sectional demand functions. Quality effects are distinguished from 
supply-related price variability to identify cross-sectional demand for disaggregated 
food commodities. An empirical application using data from the 1977-78 Nationwide 
Food Consumption Survey indicates that parameter differences resulting from a 
failure to adjust cross-sectional prices for quality effects are likely to be small for 

relatively homogenous, disaggregated food commodities. 

Key words: cross-sectional demand functions, quality-adjusted prices, 
quantity/quality choice. 

In demand analysis with cross-sectional, 
household budget data, it is usually assumed 
that prices are constant (Allen and Bowley, 
Prais and Houthakker, George and King). 
Given this assumption, Engel functions are es- 
timated where expenditure (or quantity) is re- 
gressed on income (or total expenditures), 
family size, and other demographic character- 
istics. The assumption that cross-sectional 
price effects are absent or are captured ade- 
quately by spatial and temporal dummy vari- 
ables has not been evaluated empirically. 
Whether cross-sectional price effects can be 
treated in this manner has implications for the 
specification of cross-sectional demand func- 
tions as well as the estimation of Engel func- 
tions. 

There is a considerable literature on es- 
timating price elasticities with cross-sectional 
data. Most of the applications utilize time- 
series/cross-sectional data. Annual (or quar- 
terly) household consumption surveys and 
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more narrowly defined panel data are the most 
commonly used sources. Examples of com- 
plete demand systems estimated with a time 
series of cross sections include Muellbauer, 
Pollak and Wales, and Ray. Given the scarcity 
of time-series data, much food policy research 
in developing countries utilizes price elas- 
ticities estimated with cross-sectional data. 
An insightful summary of this literature is pro- 
vided by Alderman. Applications of demand 
models to U.S. cross-sectional food data in- 
clude Benus, Kmenta, and Shapiro; Capps 
and Havlicek; Cox, Ziemer, and Chavas; Pur- 
cell and Raunikar; Thraen, Hammond, and 
Buxton. 

The existence of cross-sectional price varia- 
tion raises several important issues. Failure to 
adequately specify cross-sectional price ef- 
fects could result in biased and misleading de- 
mand elasticities (Polinsky). Thus, traditional 
Engel analysis may be inappropriate if prices 
are not constant in the cross section. In addi- 
tion, prices in cross-sectional data are gener- 
ally assumed to reflect "quality" effects 
which should be corrected for prior to esti- 
mation (Black, Cramer, George and King, 
Houthakker, Prais and Houthakker, Theil). 

The objectives of this paper are twofold: (a) 
to identify the sources of observed variability 
of prices in cross-sectional data, and (b) to 
develop a conceptual and empirical frame- 
work which captures the observed variability 
in prices sufficient to estimate price elasticities 
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of demand. The empirical model is illustrated 
through an application to cross-sectional data 
for vegetable consumption from the 1977- 
78 Nationwide Food Consumption Survey 
(NFCS). 

Conceptual Issues 

In the early literature on demand estimation 
with cross-sectional data, attention focused on 
the sources and meaning of price variability. 
Prais and Houthakker (p. 110) argue that the 
causes of cross-sectional price variation must 
be identified in order to interpret correctly the 
effects of prices in the analysis of household 
budget data. They identify price variation due 
to region, price discrimination, services pur- 
chased with the commodity, seasonal effects, 
and quality differences caused by heteroge- 
nous commodity aggregates. Of these factors, 
price variation induced by region and season 
is desirable from the standpoint of estimating 
commodity demand curves. When the struc- 
ture of demand is relatively constant, seasonal 
and regional price variation can be attributed 
to changed supply conditions and can be used 
to identify commodity demand curves a la 
Working. To quote Friedman (p. 33): 

Another kind of contemporaneous data consists of 
data for different spatial units, such as different states 
or cities or countries. The problem of constructing a 
demand curve from such spatial data is essentially 
similar to that already considered for time-series 
data. To construct a demand curve, it is essential that 
conditions of supply vary considerably, conditions of 
demand vary little. But for any product that has a 
national market, conditions of supply are about iden- 
tical except for transportation cost for different states 
or other subdivisions of the United States. It follows 
that a demand curve can be constructed readily only 
for products that have a local market, which would 
imply that supply conditions are different. 

For the vegetable commodities analyzed here, 
and perhaps for food products in general, sup- 
ply variability due to regional markets appears 
to be an important source of demand iden- 
tification. 

The other source of cross-sectional price 
variation, "quality" differences caused by 
heterogenous commodity aggregates, may be 
more problematical to the estimation of de- 
mand functions. Quality effects in cross- 
sectional price variation result mainly from 
commodity aggregation (Houthakker). Tradi- 
tional consumer theory assumes homogenous 

goods with a single price. When separate 
goods are aggregated into a single commodity, 
this results in variations in the average price 
paid for the aggregated commodity, which 
changes with the quantities of the component 
goods consumed. 

Black, Theil, and Houthakker identified 
several dimensions to quality effects. Black 
hypothesized that price/income relationships 
are caused by differences in marketing ser- 
vices purchased; higher income households 
purchase more marketing services and, hence, 
pay higher average prices for commodities. 
Larger families generally pay lower average 
prices because of economies of size in 
purchasing and in household production/ 
consumption activities (Prais and Houthak- 
ker). 

Goldman and Grossman attribute sources of 
variation in cross-sectional prices to the op- 
portunity costs of time and the marginal costs/ 
benefits of information search. Cowling and 
Raynor attribute residual variation in prices, 
after controlling for the physical characteris- 
tics of commodities, to costs of information, 
brand loyalty, brand ties through distribution 
networks, etc. Assuming that households pur- 
chase a "market basket" of goods for their 
food-at-home expenditures, retail food mer- 
chandising strategy (e.g., promotion items, 
loss leaders, etc.) can induce additional price 
differences in household food consumption 
data. When this type of price variation results 
from changing supply conditions, a range of 
prices for similar commodities would be gen- 
erated, allowing estimation of cross-sectional 
demand functions. 

Cramer makes a distinction between com- 
modities and goods to account for the het- 
erogeneity problem.1 He demonstrates the im- 
portance of adjusting for quality effects by 
drawing a distinction between income and ex- 
penditure elasticities. Note that the definition 
of expenditures (x) as price (p) times quantity 
(q) implies that 

(1) log x = log q + log p. 

In conventional Engel analysis of household 
data, expenditures are hypothesized to de- 
pend on real income (y), family size and other 
household characteristics (c). The Engel rela- 
tionship and (1) imply that 

'Goods are defined as specific varieties or brands sold at a 
single price. If the quantities of these goods can be added together 
from the consumer's viewpoint, then these goods belong to the 
same commodity. 

Cox and Wohlgenant 
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(2) alog x _ alog q + alog p 
alog y alog y alog y' 

where the second term on the right-hand side 
of (2) is the quality elasticity (Prais and Hou- 
thakker). For goods (as opposed to com- 
modities), this quality elasticity is zero since 
homogenous goods only have one price. How- 
ever, Engel analysis generally deals with com- 
modities rather than goods, so that this quality 
elasticity is nonzero for commodities which 
are heterogenous (Prais and Houthakker, 
chap. 8; Cramer). 

Commodity prices depend both on income 
and household characteristics, Cp, which can 
induce quality effects (Theil, Cramer). With 
this specification, cross-sectional, quantity- 
dependent demand functions have the form 

(3) q = h[p(y, cp), Ps(y, cp), c, y], 

where Ps is a vector of prices for substitute 
and/or complementary commodities and c is 
the vector of household characteristics which 
shares some elements with cp. Denote these 
shared elements as cq. Partial differentiation 
of (3) with respect to cq yields 

(4) aq _ ah ap + ah aps + ah 
acq dp acq dps acq aCq 

This partial derivative cannot be obtained di- 
rectly through estimation of equation (3) using 
average commodity prices (without assuming 
ap/lCq = aps/jCq = 1). However, it can be ob- 
tained if the prices are first adjusted for the 
impact of quality effects induced by household 
characteristics. Therefore, quality-adjusted 
prices should be used to estimate commodity 
demand functions from cross-sectional data. 
The potential distortions from not adjusting 
cross-sectional prices for quality effects will 
increase with heterogeneity of the commodity 
aggregate (Cramer). 

This approach to modeling demand is likely 
to be difficult for differentiated or generic 
goods because of the potential for multiple 
corner solutions. Given that households typi- 
cally do not consume all component goods of a 
commodity aggregate, corner solutions due to 
nonconsumption yield multiple first-order 
conditions for quantity demands in a utility 
maximization framework. Simultaneous solu- 
tion of these multiple first-order conditions 
and the associated first-order conditions for 
quality demand is generally intractable at 
branded or generic goods level without strong 
a priori assumptions (Hanemann 1981). At the 
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commodity level of analysis, however, quality 
choice, as reflected in the quantity shares of 
the component goods, can be viewed as occur- 
ring prior to the quantity choice decisions. 
One can assume that the household first deter- 
mines commodity quality through the selec- 
tion of component goods and then the quantity 
of the composite commodity. This means the 
household quality decision (as reflected in the 
quality/price function) can be modeled inde- 
pendently of the quantity decision at the com- 
modity level. 

Theoretical Framework 

Hanemann (1981) discusses two alternative 
approaches to specifying quality/quantity sub- 
stitution in demand analysis. He also shows 
that these approaches can be viewed as 
generalizations of the traditional utility max- 
imization approach. In the Houthakker-Theil 
framework, demand is modeled as quality/ 
quantity choice among generic commodities 
which possess a scalar (Houthakker) or vector 
(Theil) of characteristics. Within this frame- 
work, commodities with different characteris- 
tics are treated as the same commodity with a 
continuum of quality levels. Theil assumes 
that the qualitative nature of an aggregate 
commodity is reflected in its average price and 
that this quality component can be described 
completely by a vector of quantitative or qual- 
itative characteristics. In contrast, Houthak- 
ker assumes that the average commodity price 
reflects two components-the quality and 
quantity components of price. 

The maximization problem in the Houthak- 
ker-Theil model is 

(5) Max U(q, b, z, c) 
q-O,b-O 

subject to Yipi(bi)qi + z = y, 

where q is defined as a vector of commodities 
(qi, . . . , qn), b is a vector of commodity- 
specific characteristics bi = (bi, . . . , bi,ki), z 
represents all other goods taken as the 
numeraire, c is a vector of household charac- 
teristics hypothesized to influence prefer- 
ences, and y is total household (real) income. 
The function U is assumed to possess the 
usual neoclassical properties. The hedonic 
(real) price functions, pi(bi), reflect price/ 
quality trade-offs. Following Houthakker, 
these functions can be written 

Pi = Cti + -yjijbij, (6) 
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where ai is interpreted as the quantity price 
and Ejyijbij reflects the sum of component 
quality prices per unit of qi. 

Assuming an interior solution to (8) (that is, 
q > 0, b > 0), the ordinary demand functions 
for quantity and quality take the form 

(7) q, = hiq(a, , c, y) i = 1, ...,N 

(8) bj = ht-(a,/, c,y) i = 1, .. ,N; 
j= 1, . . .,ki 

where a = (al, . . ., an) is the vector of 
quantity prices and y = [yl (y1,1, .... ,kl), 
.. . , Yn(Yn, , ... ,Yn,kn)] is the vector of quality 
prices. These functions are continuously dif- 
ferentiable and homogenous of degree zero in 
(a, y, y). Hanemann (1981) summarizes the 
properties of these quantity and quality de- 
mand functions. Since these results are not 
explicitly required for the purposes at hand, 
they are not presented here. 

Note that (7) and (8) represent a potentially 
large system of simultaneous equations com- 
plete with a full set of restrictions implied by 
utility maximization. For most applications, 
this system is likely to be untractable, particu- 
larly for disaggregated commodities where 
corner solutions (in quantities or qualities) are 
likely to occur. Usually additional a priori 
structure is required to make this framework 
tractable. Hanemann (1981, 1984) identifies 
several special cases of this general model of 
quality/quantity choice and summarizes the 
numerous econometric difficulties of these ap- 
proaches. 

Goldman and Grossman argue that simul- 
taneity of quantity and quality choice is likely 
to be important where the opportunity costs of 
search time are significant components of 
"full" commodity prices.2 They treat quality- 
adjusted prices as endogenous and estimate 
the demand for quality and quantity with a 
two-stage least squares procedure. The feasi- 
bility of this procedure here, however, is con- 
strained by data on time components of search 
and by estimation difficulties (e.g., simultane- 
ous quantity/quality choice with multiple cor- 
ner solutions). Since search costs for com- 
modities with small budget shares (e.g., 
disaggregated food commodities) are negligi- 
ble, simultaneity bias is unimportant. More- 
over, if quality effects are due largely to 

2 Goldman and Grossman extend the Houthakker-Theil model 
through household production theory and define "full" commod- 
ity prices as commodity prices plus the opportunity costs of time 
spent in commodity production/consumption. 
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heterogeneity of composite commodities, then 
the assumption of recursive quality/quantity 
choice is appropriate. 

Hanemann (1984) shows how a random util- 
ity, discrete/continuous choice model can be 
used to analyze quality/quantity decisions. In 
this context, household characteristics are 
viewed as proxies for household preferences 
over unobservable quality characteristics. As 
a result, the simultaneous discrete/continuous 
choice of quantity and quality by households 
can be viewed as a switching regression model 
(Hanemann 1984). Heckman (1979) shows that 
the tobit model is a special case of the switch- 
ing regression model for censored dependent 
variables. 

Tractability of the Houthakker-Theil model 
is considerably enhanced by limiting the 
potential number of corer solutions. Given 
the estimation difficulties of multiple-equa- 
tion, multiple-corner point-switching models 
(Hanemann 1981, 1984) separability assump- 
tions are employed to reduce this general 
framework to a single-equation tobit model. In 
this approach, the household is assumed to 
decide whether or not to consume a commod- 
ity aggregate whose quality has been deter- 
mined by prior decisions concerning the quan- 
tity shares of component goods. Conditional 
on this choice, a decision as to the quantity of 
this composite commodity is then made. In 
essence, the composite commodity is assumed 
to be weakly separable from all other com- 
modities in order to reduce corner solutions 
and estimation difficulties. 

Data and Empirical Specification 

Data from the western region of the 1977-78 
NFCS are used to estimate commodity de- 
mand functions and to determine the bias in 
parameter estimates from quality effects in 
cross-sectional prices. This regional focus re- 
duces computational burdens, reduces con- 
cerns about heterogeneity in demand across 
regions, and supports the feasibility of using 
these types of data for estimating regional de- 
mand functions. The Cramer model indicates 
that the bias from failure to quality adjust 
cross-sectional prices increases with the 
heterogeneity of a commodity aggregate. 
Therefore, commodities exhibiting a range of 
heterogeneity were sought. Additional interest 
in substitution among product forms of disag- 
gregated food commodities led to the selection 
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of the following three commodities: fresh, 
canned, and frozen vegetables excluding 
potatoes. These commodities are comprised 
of the following components (goods): dark 
green, deep yellow, light green, and other 
vegetables. The fresh vegetable aggregate 
includes all forms of home-produced vege- 
tables.3 The canned vegetable aggregate con- 
sists mainly of commercially canned vegeta- 
bles and includes baby and junior foods as 
well as foods labeled as dietetic. The frozen 
vegetable aggregate consists of commercially 
frozen vegetables. The degree of truncation 
(i.e., percentage of nonconsuming house- 
holds) is 6%, 30%, and 58% for the fresh, 
canned, and frozen commodities, respec- 
tively. 

Total household income from wage and 
nonwage sources (RINCOME) is obtained by 
aggregating over individual household mem- 
bers. Households not reporting income were 
deleted from the sample (about 11%). Com- 
modity prices are implicit prices, obtained by 
dividing expenditures on quantity consumed 
by the quantity consumed. In accordance with 
Prais and Houthakker (p. 112), observations 
with prices more than five standard deviations 
from the average observed price were deleted 
(about 2%). All prices and income are deflated 
using a region-specific, monthly consumer 
price index (CPI) for all items (unadjusted) for 
urban wage earners and clerical workers.4 

Family size is linearly decomposed into the 
following age/sex categories: children of age 5 
or less (CHILDO-5), children ages 6-10 (CHILD 
6-10), children ages 11-15 (CHILD11-15), 
adult males (ADULT-M), and adult females 
(ADULT-F). While further decomposition of 
these categories and functional form explora- 
tions are possible, this linear specification was 
preferred given estimation constraints of the 
maximum likelihood (ML) tobit procedures. 
Additional household characteristics included 
two continuous variables: the proportion of 
meals consumed at home (PROPHOME) and 
age of the household head (AGEHEAD). Dis- 
crete zero-one variables are used to model the 
consumption impacts due to education of the 

3 The incorporation of home production into the household con- 
sumption categories follows the convention cited in Burk (p. 92). 
The procedure of allocating home production (regardless of form) 
to the fresh category is due mainly to convenience because the 
original data tapes are categorized in this manner. 

4 This monthly western region CPI for all items is calculated 
from the quarterly ratios of the western region to the U.S. city 
average CPI times the monthly U.S. city average. 

meal planner (ELEMED for meal planners 
with elementary school education; COLLED 
for college-educated meal planners), sex of the 
food purchaser (MALEPUR for male food 
purchaser), urbanization (SUBURBAN, NON- 
METRO), region (PACIFIC), and quarter 
(SPRING, SUMMER, FALL).5 

The Price/Quality Functions 

The (real) deviations from regional/quarterly 
mean prices (RDMP) for the consuming 
households are assumed to reflect the "qual- 
ity" effects induced by household characteris- 
tics and nonsystematic supply-related factors. 
Therefore, the price/quality functions (6) are 
specified as 

(9) RDMPi = Pi - ai = -jyijbij + ei, 

where ai is the regional/quarterly mean price, 
ei is the regression residual, and bij are house- 
hold characteristics as proxies for household 
preferences for unobserved quality character- 
istics. Quadratic specifications of family size 
and income are used to capture economies of 
size in purchasing and home production/ 
consumption as well as increases in quality 
which are hypothesized to increase with in- 
come. Thus, family size (income) is expected 
to have negative (positive) linear and positive 
(negative) quadratic impacts on the RDMP 
functions. 

All household characteristic variables of 
the final demand model are included in (9) 
with the exceptions of the age/sex catego- 
ries and the regional and quarterly effects.6 
Additional household characteristics con- 
trolling for shopping location (SUPERMKT, 
NONSUPERMKT), Spanish origin (HIS- 
PANIC, NON-HISPANIC), race (BLACK, 
NON-BLACK), and employment of the fe- 
male household head (FHEADEMP, FHEAD- 
NOT) were also included. The shopping cate- 
gories are hypothesized to capture the impacts 
of additional services rendered by supermar- 
kets (i.e., selection, carryout, convenience, 
etc., see Black). Therefore, positive effects on 

5 The discrete categories deleted for estimation purposes are 
high school-educated meal planners, female food purchasers, cen- 
tral city, mountain region, and winter quarter. The combined ef- 
fects of these deleted variables are captured by the intercept. 

6 The age/sex categories, a linear decomposition of family size, 
are implicitly contained in the family size measure. Because the 
deviations from regional/quarterly means are modeled as depen- 
dent variables, region and quarter categories were dropped from 
the specification after conventional F-tests indicated their individ- 
ual and combined effects were not statistically different from zero. 

Amer. J. Agr. Econ. 
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the RDMP are expected due to SUPERMKT. 
The ethnicity and race categories are hy- 
pothesized to reflect quality effects and poten- 
tial price discrimination impacts as discussed 
by Black, and Prais and Houthakker. These 
impacts are likely offsetting, so the signs on 
these categories are indeterminate. Household 
production theory suggests substitution to- 
ward products with more convenience as the 
opportunity costs of time spent in food prepa- 
ration increases. Therefore, positive effects 
on RDMP are expected from employment of 
the female household head (FHEADEMP). 
All sets of discrete categorical variables in the 
RDMP price/quality functions are constrained 
to sum to zero following Suits. Therefore, the 
coefficients on these variables are interpreted 
as the deviations from the intercept term (av- 
erage RDMP) due to the particular category of 
the dummy variable. 

Treatment of Missing Prices 

Truncation difficulties generally increase as 
one disaggregates commodities in cross-sec- 
tional data. Aside from the limited dependent 
variables models which result, missing regres- 
sor difficulties are encountered where prices 
are not observed for nonconsuming house- 
holds. Two popular and computationally sim- 
ple solutions to this problem are (a) to discard 
all incomplete observations and estimate pop- 
ulation parameters using the remaining obser- 
vations; and (b) to use zero-order methods 
which substitute "appropriate" sample means 
for the missing values. Less simple solutions 
include various first-order methods (Afifi and 
Elashoff, Dagenais, Gourieroux and Monfort) 
and Heckman's (1974) sample selection pro- 
cedure. 

If regional/quarterly price differences reflect 
mainly commodity supply conditions, then re- 
gional/quarterly average prices are appropri- 
ate zero-order solutions for the missing price 
information.7 This procedure was used to de- 
termine unadjusted missing pieces. Hence 
these zero-order missing prices imply that 
nonconsuming households faced average qual- 
ity commodity prices (i.e., there is no de- 
viation from the regional/quarterly average 
price). 

7 It should be noted that the assignment of regional, monthly 
components of a CPI as the appropriate cross-sectional prices 
(Benus, Kmenta, and Shapiro) is very similar to the practice of 
assigning regional/quarterly average prices for the missing infor- 
mation. 
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First-order missing price procedures use the 
characteristics of the household with missing 
prices to determine an appropriate solution. A 
first-order missing regressor procedure which 
takes the price/quality structure estimated on 
the consuming households to infer additional 
information about the prices of the noncon- 
suming households is used to determine qual- 
ity-adjusted missing price information. Thus, 
the parameters of the estimated price/qual- 
ity function are used to predict household- 
specific, quality-adjusted prices for the non- 
consuming households. Following Cowling 
and Raynor, and Goldman and Grossman, the 
quality adjusted prices p*i and calculated as 

(10) Pi* = oti + ei, 

where xi are the regional/quarterly average 
commodity prices and ei is the residual from 
the RDMP price/quality regression in (9).8 

Results 

Table 1 summarizes the estimated RDMP 
price/quality functions. The results are consis- 
tent with a priori expectations concerning 
family size and income for all coefficients 
which are statistically significant. While the 
linear family size coefficient is significant in all 
models, only fresh vegetable RDMP exhibit a 
significant income influence. Significant im- 
pacts from urbanization are indicated for fresh 
and canned vegetables; suburban (nonmetro) 
households pay about 0.60 less (more) than 
the average RDMP for fresh vegetables. 
Significant impacts due to shopping location 
indicate higher RDMP for canned vegetables 
in supermarkets (1.1? above average). Age of 
household head (AGEHEAD) and proportion 
of meals at home (PROPHOME) generally in- 
dicate significant and negative impacts on 
RDMP (exceptions: PROPHOME for the 
canned and frozen vegetables). Blacks pay 
significantly lower-than-average prices for 
fresh (0.80) and canned (1.30) vegetables. 
With the exception of college-educated meal 
planners (canned vegetables, 1.00), ethnicity, 

8 Since the literature is not clear concerning the superiority of 
alternative missing regressor procedures in the present context, 
several alternatives were evaluated (see Cox). Zero versus first- 
order quality-adjusted missing prices were generally found to yield 
insignificant differences in estimated slope and elasticity response 
measures. While the first-order missing price procedure used has 
considerable intuitive appeal, evaluation of alternatives such as 
Heckman (1974) should be considered in further research. 



Table 1. Estimated RDMP Price/Quality Functions for the Vegetable Commodities 

Household 
Characteristic 

INTERCEPT 
FAMILY SIZE 
FAMILY SIZE SQUARED 
INCOME 
INCOME SQUARED 
URBAN 
SUBURBAN 
NON-METRO 
SUPERMKT 
NONSUPERMKT 
AGEHEAD 
PROPHOME 
NON-HISPANIC 
HISPANIC 
NON-BLACK 
BLACK 
FEMALEPUR 
MALEPUR 
ELEMED 
HIGHSCH 
COLLED 
FHEADEMP 
FHEADNOT 
Summary statistics 

Number of observations 
Mean-squared error 
R-square 

Fresh 
Vegetables 

0.0530* ** 

-0.0072*** 
-0.00009 
0.0013*** 

-0.000001** 
-0.0004 
-0.0059*** 
0.0064** 
0.0043 

-0.0043 
-0.0005*** 
-0.0363*** 
-0.0025 
-0.0025 
0.0084** 

-0.0084** 
-0.0008 
0.0008 

-0.0016 
0.0008 
0.0007 

-0.0004 
0.0004 

2,047 
0.0099 
0.0532 

Canned 
Vegetables 

0.0283 
-0.0125*** 

0.0005 
0.0009 
0.0000 
0.0011 

-0.0068* 
0.0056 
0.0105** 

-0.0105** 
-0.0004** 
-0.0079 
-0.0073 
-0.0073 

0.0127* 
-0.0127* 
-0.0037 

0.0037 
-0.0080 
-0.0017 

0.0097** 
0.0022 

-0.0022 

1,524 
0.0110 
0.0348 

Frozen 
Vegetables 

0.0699** 
-0.0158** 

0.0009 
0.0001 
0.00002 
0.0050 
0.0088 

-0.0137 
0.0173 

-0.0173 
-0.0007** 
-0.0278 
-0.0065 
-0.0065 
-0.0137 

0.0137 
0.0094 

-0.0094 
0.0018 
0.0043 

-0.0061 
0.0011 

-0.0011 

908 
0.0156 
0.0384 

Source: Computations by the authors. 
Note: The dependent variables are (real) deviations from regional/quarterly average prices ($/lb.). The zero-one dummy variables for 
each category are constrained to sum to zero and hence reflect deviations from the intercept term due to that factor. 
a Significance levels of 0.01, 0.05, and 0.1 are indicated by ***, **, and *, respectively. 

sex of the meal purchaser, education of the 
meal planner, and employment of the female 
household head were not found to be signifi- 
cant. 

The low R-squared values for these RDMP 
price/quality functions indicate that consider- 
able variation remains unexplained after ad- 
justing for quality effects. Because data on 
physical characteristics reflecting commodity 
quality were not available, this residual varia- 
tion is assumed to reflect nonsystematic, sup- 
ply-related factors. In addition, the large re- 
sidual variation suggests that these aggregates 
can be considered fairly homogenous in the 
context of Cramer's analysis. Hence, quality 
correction likely will not have much impact on 
the price variables nor imply much parameter 
bias resulting from unadjusted prices. 

Given these results, unadjusted and quality- 
adjusted prices for both the consuming and, 
with the missing price procedures, the total 
samples were computed. For comparison of 
these results, not presented here because of 
space limitations, see Cox. Not surprisingly, 

the quality price components from equation 
(9) were found to be quite small for all com- 
modities. The net impact of quality-adjusting 
the observed prices is slightly less price vari- 
ability (about 2% less for all commodities), lit- 
tle or no impact on the average price level, and 
an overall decrease in the minimum and max- 
imum prices paid. 

A comparison of observed prices with the 
zero-order missing prices indicated that price 
variability decreased by 3%, 20%, and 53% 
for the fresh, canned, and frozen vegetable 
prices, respectively. Similar results were 
found when the zero-order quality-adjusted 
prices are compared with the first-order qual- 
ity-adjusted prices where variability de- 
creased by 2%, 17%, and 49% for the fresh, 
canned, and frozen vegetable prices, re- 
spectively. These reductions in variability 
from different missing regressor procedures 
roughly parallel the degree of commodity trun- 
cation (6%, 30%, and 58% for the fresh, 
canned, and frozen vegetables, respectively). 
What is most striking about these results is 
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that considerable price variability remained 
after the quality correction and missing regres- 
sor procedures even for the heavily truncated, 
frozen vegetable prices. Whether this variabil- 
ity is sufficient to estimate price responses in 
cross-sectional demand functions, however, is 
an empirical issue which is considered next. 

Table 2 summarizes the ML tobit parameter 
estimates of the various cross-sectional com- 
modity demand functions.9 These results indi- 
cate significant own-price effects with ex- 
pected signs for all commodities. Significant 
and positive cross-price effects in the frozen 
vegetables models indicate canned vegetables 
are substitutes for the frozen form. Significant 
income coefficients for all commodities indi- 
cate the fresh and frozen forms of vegetables 
are normal goods, while canned vegetables are 
inferior goods. The proportion of meals con- 
sumed at home has a positive, significant im- 
pact on consumption of all commodities, while 
age of the household head has a significant 
positive (negative) impact on fresh (canned) 
vegetables. College-educated meal planners, 
Pacific region, and summer quarter have 
significant impacts on the consumption of all 
commodities. 

Results concerning the age/sex categories 
are quite reasonable. The relative magnitudes 
of the significant age/sex categories indicate 
that fresh vegetable consumption increases 
with age, while male and female adults have 
about equal impacts. The large impacts of the 
children categories on canned vegetable con- 
sumption partially reflect the junior and baby 
foods included in this category. While children 
have no significant effects on frozen vegetable 
consumption, adult females are indicated to 
have roughly twice the impact as adult males. 

The summary statistics of table 2 suggest 
that the models without prices are inferior to 
both the unadjusted and quality-adjusted price 
models. Using the unconditional and condi- 
tional expectations as defined in McDonald 
and Moffitt, the root mean square errors 
(RMSE) evaluated as the unconditional ex- 
pectation over the full sample [RMSE(EY)] 
and as the conditional expectation over the 
consuming subsample [RMSE(EY*)] support 

9 The computationally convenient procedures proposed by Fair 
were used to obtain these results. Results from Amemiya's ML 
tobit procedures were found to be essentially identical. Since pa- 
rameter variance estimates evaluated at the negative inverse of the 
Hessian and the asymptotic covariance matrix of Amemiya (pp. 
1007-10) yielded identical inferences concerning parameter 
significance, the Hessian method was used to compute all parame- 
ter standard errors. 
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this conclusion. The models with unadjusted 
prices appear marginally superior to those 
with quality-adjusted prices using the 
RMSE(EY*) criterion for fresh and canned 
vegetables. The percentage of correct fore- 
casts of discrete household decisions to con- 
sume or not [i.e., the % correct (probit) crite- 
rion] suggests that the models without prices 
are marginally superior for fresh and canned 
vegetables. 

Log-likelihood ratio tests of the without 
prices model nested within either the unad- 
justed or quality-adjusted prices models were 
performed. The results of these tests showed 
that the null hypotheses of no price effects are 
rejected for all models and commodities. 
These results and the significance of region 
(PACIFIC) and quarter (SUMMER, all mod- 
els and commodities; WINTER, all models, 
fresh and canned vegetables) in the models 
with prices indicate nonconstant price effects 
(i.e., price effects beyond those captured by 
spatial and temporal dummy variables) are 
identifiable in these cross-sectional demand 
functions. 

Table 3 summarizes the total effect elas- 
ticities of prices, income, and age/sex cate- 
gories for the alternative models and 
commodities. These elasticities reflect the 
unconditional response (i.e., the sum of the 
conditional and participation responses) to a 
change in an independent variable as defined 
in McDonald and Moffitt (p. 319) and are eval- 
uated in elasticity terms at the full sample 
means. Approximate, asymptotic standard er- 
rors are computed using the general method 
described in Silvey. Two comparisons are of 
primary interest: between the unadjusted and 
quality-adjusted results and between the re- 
sults with and without prices. Most of the dif- 
ferences between significant elasticity esti- 
mates in table 3 occur at the third decimal 
place and are statistically insignificant. 

Own-price and income elasticities using 
quality-adjusted versus unadjusted prices are 
found to be slightly smaller in absolute value 
in all commodities except canned vegetables. 
Comparison of the significant age/sex elas- 
ticities across these alternative price models 
yields the opposite conclusion. These results 
suggest that price and income elasticities from 
the unadjusted price models reflect some 
of the impacts due to family composition. 
While the differences in magnitude differences 
are less systematic, comparisons of significant 
elasticities from the models with and without 



Table 2. Comparison of ML Tobit Parameter Estimates for the Fresh, Canned, and Frozen Vegetable Models 

Fresh Vegetables 

Quality- 
Adjusted 

Prices 

-4.9911** 
(1.0774) 

-8.5113*** 
(2.0012) 
2.4007 

(1.5426) 
-2.3505 
(1.6476) 
0.0727*** 

(0.0201) 
6.9518*** 

(0.8172) 
0.0446*** 

(0.0098) 
-0.0818 
(0.5033) 
1.1157*** 

(0.2989) 
1 .6448*** 
(0.4728) 
0. 1050 

(0.3168) 
-0.0670 
(0.3854) 
1.1248*** 

(0.3342) 
-0.5357 
(0.3885) 
1.7983*** 

(0.3843) 
-0.6514* 
(0.3732) 

-0.0801 
(0.2416) 
0.8339*** 

(0.2524) 
1.0876*** 

(0.2323) 
1.9116*** 

(0.2187) 
1.9497*** 

(0.2629) 
38.9914 

4817.19 
6.035 
6.048 

93.7 

Canned Vegetables 

Without 
Prices 

- 6.7243*** 
(0.8984) 

0.0713*** 
(0.0202) 
6.8721*** 

(0.8213) 
0.0431*** 

(0.0098) 
0.0613 

(0.5062) 
1.1022*** 

(0.3006) 
- .6782*** 
(0.4754) 
-0.0908 
(0.3187) 
-0.0977 
(0.3872) 
1.0723*** 

(0.3340) 
0.7021 * 

(0.3883) 
1.8590*** 

(0.3858) 
- 0.6486* 
(0.3746) 
0.1219 

(0.2427) 
0.8018*** 

(0.2536) 
1.0857*** 

(0.2336) 
1.9401*** 

(0.2198) 
1.9568*** 

(0.2644) 
39.4518 

4828.28 
6.078 
6.087 

94.3 

Unadjusted 
Prices 

-0.1407 
(0.7144) 
0.1599 

(1.1940) 
- 2.9979*** 
(0.8677) 
-0.7866 
(0.9696) 
-0.0299** 
(0.0124) 
3.8351*** 

(0.5046) 
-0.0256*** 
(0.0058) 
-0.0003 
(0.2966) 
-0.8854*** 
(0.1774) 
-0.5169* 
(0.2837) 
-0.2781 
(0.1884) 
-0.0436 
(0.2264) 
-0.7244*** 
(0.1958) 
-0. 1735 
(0.2295) 

- 0.6084 * * * 
(0.2287) 
0.3940* 

(0.2189) 
0.6447*** 

(0.1396) 
1.0624*** 

(0.1452) 
0.7291 ** 

(0.1348) 
1.1095*** 

(0.1296) 
0.2304 

(0.1554) 
12.4458 

3131.95 
2.830 
3.069 

71.3 

Quality- 
Adjusted 

Prices 

- 0.2798 
(0.6492) 
0.1225 

(1.1984) 
-3.0130*** 
(0.8699) 

-0.9064 
(0.9679) 

- 0.0319*** 
(0.0124) 
3.9015*** 

(0.5035) 
-0.0239*** 
(0.0058) 
0.0222 

(0.2965) 
-0.9230*** 
(0.1711) 

- 0.5264 * 
(0.2837) 

- 0.2613 
(0.1883) 

- 0.0425 
(0.2261) 

-0.7246*** 
(0.1958) 
-0. 1699 
(0.2295) 

-0.6053*** 
(0.2286) 
0.3931* 

(0.2188) 
0.6753*** 

(0.1396) 
1.0912*** 

(0.1451) 
0.7520*** 

(0.1344) 
1.1399*** 

(0.1292) 
0.2538 

(0.1554) 
12.4410 

3131.67 
2.830 
3.071 

71.1 

Frozen Vegetables 

Without 
Prices 

- .0933** 
(0.5450) 

- 0.0315** 
(0.0125) 
3.8606*** 

(0.5061) 
-0.0246*** 
(0.0058) 

-0.0157 
(0.2981) 
-0.9186*** 
(0.1781) 

-0.5304* 
(0.2853) 

-0.2657 
(0.1894) 

-0.0487 
(0.2272) 
-0.7785*** 
(0.1957) 

-0.2046 
(0.2290) 

-0.6526*** 
(0.2295) 
0.3981* 

(0.2196) 
0.6649*** 

(0.1402) 
1.0876*** 

(0.1458) 
0.7550*** 

(0.1351) 
1. 1268*** 

(0.1299) 
0.2373 

(0.1562) 
12.5797 

3138.33 
2.851 
3.093 

71.6 

Unadjusted 
Prices 

- 2.3909** 
(0.5621) 
0.0328 

(0.9457) 
2.3139*** 

(0.6865) 
-3.9829*** 
(0.6730) 
0.0455*** 

(0.0089) 
1.8584*** 

(0.3982) 
-0.0060 
(0.0046) 
-0.6155** 
(0.2516) 
0.3168*** 

(0.1383) 
-0.0321 
(0.2233) 
-0.1563 
(0.1468) 
-0.5925*** 
(0.1845) 
0.4185*** 

(0.1589) 
-0.0186 
(0.1800) 

- 0.6162*** 
(0.1820) 
-0.2295 
(0.1735) 
0.1059 

(0.1117) 
0.1689 

(0.1170) 
0.1124 

(0.1069) 
0.2462** 

(0.1028) 
0.5610*** 

(0.1192) 
6.4635 

2000.46 
1.466 
2.102 

65.0 

Quality- 
Adjusted 

Prices 

- 2.6542*** 
(0.5167) 

-0.1078 
(0.9508) 
2.3038*** 

(0.6878) 
-3.7891*** 
(0.6752) 
0.0432*** 

(0.0088) 
1.9539*** 

(0.3978) 
-0.0045 
(0.0046) 
-0.6281** 
(0.2520) 
0.3875*** 

(0.1384) 
0.0391 

(0.2236) 
-0.1841 
(0.1470) 

-0.5012*** 
(0.1844) 
0.4187*** 

(0.1591) 
-0.0078 
(0.1803) 

-0.6103*** 
(0.1823) 

-0.2215 
(0.1737) 
0.1175 

(0.1119) 
0.1821 

(0.1171) 
0.1194 

(0.1068) 
0.2722*** 

(0.1026) 
0.5721*** 

(0.1192) 
6.4850 

1999.81 
1.467 
2.100 

64.9 

Source: Computations by the authors. 
' 

Significance levels of .01, .05, and .10 are indicated by ***, ,. and *, respectively. 
b 

Asymptotic standard errors are in parentheses. 

Without 
Prices 

-3.3984 
(0.4491) 

Unadjusted 
Prices 

--4.3016***a 
(I. 1905)b 

- 8.6389*** 
(1.9940) 
2.2351 

(1.5388) 
-2.2958 
(1.6547) 
0.0782*** 

(0.0202) 
6.5720*** 

(0.8182) 
0.0398*** 

(0.0098) 
-0.0939 
(0.5034) 
1.0794*** 

(0.2993) 
- .6810*** 
(0.4726) 

- 0. 1221 
(0.3170) 
-0.0613 
(0.3855) 
1.1297*** 

(0.3342) 
-0.5352 
(0.3885) 
1.7977*** 

(0.3843) 
-0.6504* 
(0.3733) 
-0.1291 
(0.2414) 
0.7825*** 

(0.2524) 
1.0430*** 

(0.2328) 
1.8628*** 

(0.2193) 
1.9030*** 

(0.2631) 
38.9854 

4817.79 
6.035 
6.046 

93.6 

INTERCEPT 

PFRESH 

PCANNED 

PFROZEN 

INCOME 

PROPHOME 

AGEHEAD 

ELEMED 

COLLED 

MALEPUR 

SUBURBAN 

NONMETRO 

PACIFIC 

SPRING 

SUMMER 

WINTER 

CHILDO-5 

CHILD6-10 

CHILDI11 15 

ADULT-M 

ADULT-F 

VARIANCE 
LOGL 
RMSE(Ey) 
RMSE(Ey*) 
% Correct 

(Probit) 

0.0435*** 
(0.0091) 
1.9320*** 

(0.4076) 
0.0057 

(0.0047) 
0.6301** 

(0.2577) 
0.3732*** 

(0.1416) 
-0.0013 
(0.2286) 
-0. 1783 
(0.1505) 
-0.5427*** 
(0.1886) 
0.4853*** 

(0.1622) 
-0.0069 
(0.1835) 
-0.5726*** 
(0.1861) 
-0. 1764 
(0.1776) 
0.1122 

(0.1144) 
0.1689 

(0.1198) 
0.1023 

(0.1094) 
0.2834*** 

(0.1050) 
0.5857*** 

(0.1219) 
6.7957 

2019.69 
1.506 
2.172 

62.1 
010 

:1 til 



;a 

o 

5s 

Table 3. Comparison of Total Effect Elasticities for Selected Independent Variables across Models and Commodities 

Fresh Vegetables Canned Vegetables Frozen Vegetables 

Quality- Quality- Quality- 
Unadjusted Adjusted Without Unadjusted Adjusted Without Unadjusted Adjusted Without 

Prices Prices Prices Prices Prices Prices Prices Prices Prices 

PFRESH -0.2079***a -0.2036*** 0.0095 0.0073 -0.0037 
(0.0481)b (0.0479) (0.0712) (0.0711) (0.1059) 

PCANNED 0.0613 0.0652 -0.2037*** -0.2028*** 0.2951** 
(0.0422) (0.0419) (0.0591) (0.0587) (0.0876) 

PFROZEN -0.0870 -0.0892 -0.0739 -0.0853 -0.7025*** 
(0.0626) (0.0625(0.00911) (0.0911) (0.1199) 

RINCOME 0.0767*** 0.0713*** 0.0697*** -0.0727** -0.0775** -0.0762** 0.2074*** 
(0.0198) (0.0197) (0.0198) (0.0304) (0.0303) (0.0303) (0.0405) 

CHILDO-5 -0.0044 -0.0027 -0.0041 0.0540*** 0.0566*** 0.0555*** 0.0167 
(0.0082) (0.0082) (0.0082) (0.0117) (0.0117) (0.0117) (0.0176) 

CHILD6-10 0.0217*** 0.0231*** 0.0222*** 0.0729*** 0.0749*** 0.0744*** 0.0218 
(0.0070) (0.0070) (0.0070) (0.0100) (0.0100) (0.0100) (0.0151) 

CHILD11-16 0.0333*** 0.0347*** 0.0346*** 0.0577*** 0.0595*** 0.0596*** 0.0167 
(0.0074) (0.0074) (0.0075) (0.0107) (0.0107) (0.0107) (0.0159) 

ADULT-M 0.2132*** 0.2188*** 0.2215*** 0.3149*** 0.3235*** 0.3187*** 0.1311** 
(0.0253) (0.0252) (0.0253) (0.0371) (0.0370) (0.0371) (0.0548) 

ADULT-F 0.2447*** 0.2507*** 0.2510*** 0.0734 0.0809 0.0754 0.3355*** 
(0.0340) (0.0340) (0.0341) (0.0496) (0.0495) (0.0496) (0.0715) 

Source: Computations by the authors. 
a Significance levels of .10, .05, and .01 are indicated by *, **, and ***, respectively. b Approximate asymptotic standard errors are in parentheses. 

-0.0120 
(0.1057) 
0.2904*** 

(0.0870) 
-0.6680*** 

(0.1202) 
0.1966*** 0.1942*** 

(0.0403) (0.0405) 
0.0184 0.0173 

(0.0176) (0.0176) 
0.0234 0.0213 

(0.0151) (0.0151) 
0.0177 0.0149 

(0.0159) (0.0159) 
0.1447*** 0.1477*** 

(0.0546) (0.0548) 
0.3416*** 0.3428*** 

(0.0714) (0.0716) 
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prices suggest that the correlations of the 
omitted price variables with the remaining re- 
gressors do not induce much parameter bias 
for the commodities studied. 

As a further test of the hypothesis that qual- 
ity is a function of heterogeneity, the three 
vegetable commodity forms were aggregated 
into one commodity. Empirical procedures 
were replicated using this vegetable aggregate. 
Overall, the results were similar to those for 
disaggregated commodities, indicating that 
even this aggregated vegetable commodity 
is not sufficiently heterogenous to induce 
significant quality effects. Similarly, despite 
the significance of the nonconstant, aggregate 
vegetable price effect, a traditional Engel ap- 
proach did not imply much bias in estimated 
income and family composition elasticities. 

Conclusions 

The conceptual framework for this analysis 
suggests that clarification of the sources and 
meaning of cross-sectional price variation is 
required to model appropriately these price ef- 
fects. The hypothesis of quality effects due to 
commodity heterogeneity was developed. The 
Cramer commodity/goods distinction and a 
generalization of his quality elasticity decom- 
position were used to develop an analytical 
framework which is presented as a special 
case of the Houthakker-Theil model of qual- 
ity/quantity choice. Two distinct, but related, 
hypotheses were generated by this discussion. 
First, are prices nonconstant in cross section, 
and if so, can they be adequately modeled by 
the traditional Engel function approach using 
dummy variables? Second, if prices are non- 
constant in cross section, how important are 
quality effects, and does their importance vary 
with commodity heterogeneity as hypoth- 
esized by Houthakker and Cramer? 

Analysis of the sources of variation in cross- 
sectional prices suggests that spatial and tem- 
poral price differences can be assumed to 
reflect primarily supply factors. While re- 
gional and quarterly price differences were 
found to be small, considerable variation re- 
mained after controlling for region and quar- 
ter. This remaining variation is assumed to 
reflect quality effects induced by household 
characteristics and nonsystematic supply- 
related factors such as retail-merchandising 
behavior. 

Amer. J. Agr. Econ. 

The RDMP price/quality functions of table 1 
lend support to the hypothesis of quality ef- 
fects in cross-sectional prices. Negative and 
significant impacts from family size were 
found for all vegetable RDMP functions, as 
hypothesized. Positive impacts from income 
were found to be significant in the fresh vege- 
table RDMP function. The conceptual frame- 
work indicates that these effects are expected 
to increase with commodity heterogeneity and 
that a failure to adjust prices for quality effects 
could induce parameter bias. Table 2 suggests 
that the commodities analyzed are fairly 
homogenous using Cramer's criterion; hence, 
the impacts of quality effects were found to be 
quite small. 

Assuming the structure of demand to be ap- 
proximately constant, the conceptual frame- 
work of this analysis can be used to model 
quality-adjusted prices and to estimate com- 
modity demand functions. Significant and 
negative own-price effects are found for all 
commodities (table 3). The significant and 
positive impact of canned vegetable price on 
frozen vegetable consumption indicates that 
this type of data can yield insight on substi- 
tution effects between disaggregated com- 
modities. Furthermore, table 2 suggests that 
the use of dummy variables in Engel functions 
is not sufficient to model adequately cross- 
sectional price effects. However, assuming a 
correct model specification, the bias on in- 
come and family size elasticities because of a 
failure to model nonconstant price effects was 
found to be quite small (table 3). This result 
held even when all commodities were ag- 
gregated into a composite vegetable commod- 
ity. Therefore, while the conceptual structure 
clearly indicates the potential difficulties of 
not correctly modeling cross-sectional price 
effects, these difficulties appear to be minor 
for the disaggregated and relatively homoge- 
nous commodities considered. Whether these 
results will hold for more aggregated and/or 
less homogenous commodities is an empirical 
issue worthy of further research. 

[Received August 1985; no revision.] 
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