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to test the associated specifications with a more power- 
ful test statistic. 
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CORRECTING FOR MEASUREMENT ERROR IN FOOD DEMAND ESTIMATION 

Gary W. Brester and Michael K. Wohlgenant* 

Abstract-Use of disappearance data as proxies for actual 
consumption causes inconsistent estimates of own-price retail 
demand elasticities. A system of equations describing con- 
sumer, processor, and producer behavior is used to consis- 
tently estimate the retail demand elasticity for beef using 
available data while avoiding the restrictive assumption of 
fixed input proportions implicit in disappearance data. This 
approach yields an estimate of the own-price retail demand 
elasticity for beef of -0.45, which is more inelastic than the 
estimate (-0.66) obtained using a traditional approach. The 
methodology is applicable to other food commodities for 
which disappearance data serve as proxies for actual con- 
sumption. 

Introduction 

Estimating the demand for individual retail food 
commodities requires use of quantity data which reflect 
consumption of these products. However, there are no 
time-series data that directly measure quantities of 
individual food products consumed in the United States 
(Christensen and Manser, 1977). Time-series studies 
typically use disappearance data as proxies for retail 

consumption. Retail-level disappearance data (pub- 
lished by the United States Department of Agri- 
culture) are derived by multiplying wholesale-level 
disappearance quantities (wholesale production less net 
exports and net inventory changes) by a fixed scalar to 
reflect transformation of the wholesale product into 
the retail product. 

For retail beef products, disappearance data are 
derived assuming that all beef commodities are pur- 
chased by consumers from retail grocery stores (Nel- 
son, Duewer, and Crawford, 1989). To the extent that 
consumption includes away-from-home meals or other 
processed beef products (e.g., frozen dinners), disap- 
pearance data will not accurately reflect retail con- 
sumption. In addition, disappearance data impose the 
restrictive assumption of fixed proportions between 
marketing services and wholesale beef inputs.1 
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1 This discussion does not necessarily imply disappearance 
data per se are incorrect. Disappearance data measure a 
specific transformation of wholesale production into a com- 
modity sold in retail grocery stores. While the commodity may 
require further processing prior to consumption, the whole- 
sale commodity expressed in a specific retail-weight equiva- 
lent sold by grocery stores may be useful. In other words, 
disappearance data consider some, but not necessarily all, of 
the marketing services which are added to the raw farm-level 
input at the wholesale-level. 
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The traditional approach to estimating consumer 
demand functions is to regress disappearance data on 
retail prices and income. The use of disappearance 
data as proxies for actual consumption results in no 
distinction being made between the production of 
wholesale products and the consumption of individual 
retail products except to the extent that retail quanti- 
ties are adjusted to reflect imports, exports, stocks, and 
some product waste which occurs during processing. 
This approach amounts to regressing wholesale pro- 
duction data on retail prices and income and may 
result in estimates of retail demand elasticities that are 
inconsistent. 

Because data for the actual consumption of individ- 
ual retail food products are not directly obtainable, it is 
of interest to quantify the bias that is introduced by the 
use of "improper" data. This paper presents a method 
by which wholesale-level production data can be used 
within a system of demand and supply equations to 
consistently estimate retail demand elasticities when 
retail consumption is unobservable. The methodology 
is applied to U.S. beef consumption, and the resulting 
parameter estimates are compared to estimates ob- 
tained from the traditional methodology in which dis- 
appearance data are used as proxies for retail quanti- 
ties. 

A Model of U.S. Beef Consumption 

Assuming perfect competition in the retail and 
wholesale beef markets, the behavior of consumers, 
processors, and producers can be approximated by the 
following log-linear, supply-demand system: 

Qr= a + aPr + a2Y+ a3Pk + a4Py + Ev (1) 

Pr = bo + biPw + b2Pm + er (2) 

Qw CO + Clpw + C2Pm + Qr + ew (3) 

PW = do + dlQW + d2Pf + d3I +Eu (4) 

where, for any annual time period, Q* is the unob- 
served true retail consumption of beef; Pr is the real 
retail price of beef, Y is real per capita total personal 
consumption expenditures, Pk is the real retail price of 
pork, Pp is the real retail price of poultry, Pw is the 
real wholesale price of beef, Pm is the real price of 
marketing services used to transform wholesale beef 
into retail products, Qw is the quantity of beef and veal 
disappearance at the wholesale level, Pf is the real 
price of feed used to produce cattle, I represents cattle 
inventories, and EV, Er9 Ew, Eu are normally distributed 
error terms. All variables are in natural logarithms. In 
support of the specification of competitive behavior, 
Schroeter (1988) finds only small distortions caused by 

the existence of monopoly/monopsony power in the 
U.S. beef packing industry.2 

Equation (1) represents the retail demand for beef 
while equation (2) describes the inverse retail supply of 
beef assuming a constant-returns-to-scale technology 
(CRTS). Wohlgenant (1989) failed to reject both com- 
petitive behavior and CRTS for this industry. Equation 
(3) represents food processors' output-constant de- 
rived demand for wholesale-level beef products used to 
produce retail beef products. Equation (4) is the in- 
verse derived supply function for beef at the wholesale 
level. It is the supply function facing food processors 
who both purchase beef from packing plants and sup- 
ply consumers with a further processed product. The 
wholesale supply of beef (which mainly represents 
behavior of farmers and ranchers) is affected by 
such factors as cattle inventories and real feed prices 
(Brester and Marsh, 1983). Wholesale beef disappear- 
ance quantities are essentially the sum of domestic 
production and imports since exports and changes in 
annual stocks are negligible. Imports are generally 
predetermined by voluntary agreements on import 
quotas between the United States and other countries. 
Therefore, the variables assumed to influence the do- 
mestic wholesale beef supply are the same variables 
used to explain changes in net supply at the wholesale 
level (i.e., equation (4)). The log-linear form of the 
system means that the parameters are also elasticities.3 
Since equations (2) and (3) both describe processor 
behavior, it is reasonable to assume that Er and EW are 
contemporaneously correlated. All variables except Q*r 
Pr' Qw, and Pw are assumed to be exogenously deter- 
mined. 

The objective of the study is to obtain a consistent 
estimate of the own-price elasticity of retail demand, 
a1. Estimation of a demand equation in which the 
wholesale quantity is used in place of the retail quan- 
tity will result in an inconsistent estimate of the retail 
demand elasticity. To illustrate, note that when equa- 
tions (1)-(3) are solved for Qw as a function of P, Y, 
Pk, and Py we find that the price elasticity parameter 
equals [a1 + c1b71]. This elasticity will not equal a1 

2Schroeter employs the assumption of fixed input propor- 
tions between marketing inputs and the wholesale beef input 
which are used to manufacture retail beef products. This may 
spuriously suggest monopoly power if variable proportions are 
present. 

3 The log-linear form was chosen to facilitate the estimation 
of the bias which occurs when disappearance data are used to 
estimate retail demand elasticities. The factor demand func- 
tion should be viewed as a first-order approximation to some 
unknown functional form. Future work should consider using 
an explicit functional form (e.g., CES) to model factor de- 
mand behavior. However, any chosen parametric functional 
form must still be viewed as an approximation to the unknown 
true form. 
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unless c1 = 0. In general, we expect b1 to be positive 
and both a1 and c1 to be negative. Therefore, estima- 
tion of retail demand using wholesale (i.e., disappear- 
ance) data directly will result in an inconsistent 
estimate of the own-price elasticity of demand. The 
estimated elasticity will be more elastic than its true 
value when the true processing technology exhibits 
variable proportions rather than fixed proportions. 

To obtain consistent estimates of retail demand elas- 
ticities, (Q*) must be eliminated from equations 
(1)-(4). By substituting equation (1) into (3), equations 
(1)-(4) can be rewritten as: 

Pr = bo + bPwb2Pm +Er (5) 

Qw = (co + ao) + clPw + c2Pm + ajPr + a2Y (6) 

+ a3Pk + a4Pp + (E, + EW) 

Pw = do + dlQw + d2Pf + d3I + cu. (7) 

Equations (5)-(7) form a system of simultaneous equa- 
tions that is estimable by three-stage least squares 
(3SLS) if each equation is identified by the order and 
rank conditions. Equations (5) and (7) are overidenti- 
fied by the order condition while equation (6) is exactly 
identified. The rank condition is both necessary and 
sufficient for identification. Equations (5) and (7) are 
identified by the rank condition, but equation (6) is 
not. Thus, while parameter "estimates" for equations 
(5)-(7) can be obtained numerically by 3SLS, they 
cannot be interpreted as unique estimates. 

Maddala (1977) describes the use of homogeneous 
linear restrictions to identify a system by the rank 
condition. The inverse retail supply equation is homo- 
geneous of degree one in input prices, implying that 
b1 + b2 = 1 (if the full set of relevant inputs has been 
identified). Also, the derived demand relation repre- 
sented by equation (6) is homogeneous of degree zero 
in input prices, implying c1 + c2 = 0. The imposition 
of these linear restrictions leads to identification of 
equation (7) by the rank condition. 

Estimation of Retail Demand Elasticities for Beef 

Variable definitions for the empirical model are pre- 
sented in table 1. Annual data for the period 1955-1987 
are obtained from the usual U.S. government sources.4 
All price and income variables are deflated by the 
Consumer Price Index. The average hourly earnings of 
production workers in the meat products industry is 

used as a proxy for the price of all marketing services.5 
All of the variables are in natural logarithms. There- 
fore, elasticities are obtained directly from the parame- 
ter estimates. 

The 3SLS estimation procedure was initially used to 
estimate equations (5)-(7).6 However, a Wald test sug- 
gested by Judge et al. (1985) indicates rejection of the 
null hypothesis of no serial correlation in the 3SLS 
residuals. The presence of serial correlation causes the 
3SLS parameter estimates to be inconsistent if the 
estimate of the true variance/covariance matrix is in- 
consistent. In addition, serial correlation causes the 
parameter estimates to be inefficient and the variances 
of the parameter estimates to be inconsistent which 
invalidates standard hypothesis tests. 

One method of correcting for serially correlated 
errors in simultaneous systems of equations is to use a 
generalized method-of-moments (GMM) estimator. 
The GMM approach estimates parameters by equating 
sample moments to population moments. The parame- 

TABLE 1.-DEFINITIONS OF VARIABLES 

Variables Definitionsa 

Exogenous: 
Int Intercept 
Y Per capita total personal consumption expendi- 

tures, in dollars 
Pk Average retail price of pork, in cents per pound. 
Pp Average retail price of young (frying) chicken, in 

cents per pound 
Pm Average hourly earnings of production workers 

in the meat products industry, in dollars per 
hour 

Pf Price of corn in the U.S., in dollars per bushel 
I January 1 inventory of all cattle and calves on 

farms in the U.S., in thousands of head 
T Linear trend 
TSQ Trend squared 

Endogenous: 
PI Average retail price of choice beef, in cents per 

pound 
QW, Total beef and veal disappearance, in millions 

of pounds (carcass-weight) 
P. Wholesale dressed carlot price of 700-800 

pound choice steer beef at Chicago, in dollars 
per hundredweight (net of carcass by-product 
values) 

aAll variables except T and TSQ are in natural logarithms. 

4 Data for Pk, P,r Pw, and I are obtained from Livestock 
and Meat Statistics; Pp from Livestock and Poultry Outlook 
and Situation; Y from Economic Indicators; Pm from Employ- 
ment and Earnings; Pf from Agricultural Statistics; and Qw 
from Food Consumption, Prices, and Expenditures. 

SHarp (1980) estimates that in 1967 labor represented 44% 
of the total cost of food marketing services. In 1979, the 
combination of employee wages and benefits amounted to 
47% of food marketing costs.covariance matrix of residuals 
(Theil, 1971). 

6 Since it is assumed that the error term of equation (7) is 
uncorrelated with those of equations (5) and (6), the 3SLS 
estimation of equations (5)-(7) requires that zeroes be en-, 
tered in the appropriate positions in the estimated variance/ 
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TABLE 2.-REGRESSION RESULTS OF THE GMM ESTIMATION 

OF EQUATIONS (5) AND (6) AS A SYSTEM, 

THE GMM ESTIMATION OF EQUATION (7), 
AND THE 2SLS ESTIMATION 

OF A TRADITIONAL SPECIFICATION 

Dependent Variables 

Regressors PI Qw Pw Qw 

Int 1.30 3.11 16.32 2.53 
(10.52) (4.42) (2.25) (1.83) 

P. 0.77 -0.17 - - 
(18.21) (-1.32) 

PM 0.23 0.17 - - 
(5.58) (1.32) 

P, -0.45 - -0.66 
(-3.47) (-6.29) 

Y 0.26 - 0.26 
(2.23) (1.40) 

Pk - 0.10 - 0.11 

(4.05) (1.60) 
Pp - 0.37 - 0.32 

(8.48) (3.46) 
Q" - 1.22 - 

(2.32) 
Pf - - 0.63 - 

(4.12) 
I - - -2.28 - 

(-2.34) 
T 0.007 0.04 -0.01 0.05 

(11.99) (4.93) (-2.59) (5.62) 
TSQ - -0.001 - -0.001 

(-6.51) (-9.23) 
R2 0.933 0.984 0.643 0.983 
D-W 1.691 2.017 1.948 1.727 

Note: The values in parentheses are asymptotic t-values. 

ters of the system were re-estimated using Gallant's 
(1987, pp. 442-446) GMM methodology. 

The GMM results are presented in table 2. Time 
trends are included to represent the effects of techno- 
logical change in the beef processing industry (Ward, 
1988). The first column of table 2 reports the regres- 
sion results for the retail beef supply function (equa- 
tion (5)). The parameter estimates for Pw and Pm can 
be interpreted as the relative shares of consumer dollar 
expenditures on beef attributable to wholesale beef 
and marketing inputs, respectively. A squared trend 
term was initially included in the equation but was 
found to be insignificant. 

The estimated wholesale beef supply relation (equa- 
tion (7)) is presented in column 3 of table 2. The signs 
of the coefficients meet a priori expectations. That is, 
quantity and own-price are positively related, while 
inventories are negatively related to own-price. In ad- 
dition, an increase in feed prices will discourage cattle 
production and result in a higher own-price. The square 
of the trend variable was insignificant in this equation. 

The regression results of the output-constant derived 
demand function for beef (equation (6)) are reported 
in column 2 of table 2. All of the signs meet a priori 

expectations. The own-price retail demand elasticity 
for beef is estimated to be -0.45. The income elastic- 
ity indicates that beef is a relatively income inelastic, 
normal good. The positive signs on the cross-price 
elasticities of beef to both the price of pork and poultry 
indicate that the two goods are substitutes for beef. 

The elasticity estimates from a traditional approach 
are reported in the last column of table 2. They are 
obtained from a 2SLS regression that uses disappear- 
ance data as the normalized dependent variable and 
retail prices and income as the explanatory variables. 
The exogenous variables contained in equations (5)-(7) 
are used as instruments.7 This approach results in an 
estimate of the own-price elasticity of demand for beef 
of -0.66. Mullen, Wohlgenant, and Farris, (1988) note 
that reported estimates of the own-price elasticity of 
demand for beef generally range from - 0.50 to 
-0.80. The estimate of -0.66 obtained from the tra- 
ditional specification is almost identical to that re- 
ported in many of the more frequently cited demand 
studies (e.g., George and King, 1971; Huang, 1985; 
Wohlgenant, 1985; Eales and Unnevehr, 1988). 

The lack of a measure of the covariance between the 
two estimates of the own-price retail demand elasticity 
(i.e., -0.45 and -0.66) prohibits the use of standard 
tests for statistical significance of their difference. 
However, a Hausman (1978, p. 1266) specification er- 
ror test of the null hypothesis that the traditional 
model is correctly specified was performed. The test, 
based on the difference of the covariances of the two 
sets of parameter estimates, indicates strong rejection 
of the null hypothesis (p-value < 0.0001). 

Conclusions and Implications 

A traditional approach of using disappearance data 
as proxies for actual beef consumption yields an elas- 
ticity estimate of -0.66, which has been shown to be 
inconsistent. If the wholesale production portion of 
disappearance data is used in a model which explicitly 
considers variable proportions, a consistent estimate 
can be obtained. A GMM approach is used to obtain a 
consistent estimate of the own-price elasticity of de- 
mand for beef of - 0.45. A Hausman specification 
error test rejects the null hypothesis that the tradi- 
tional model is correctly specified. 

While the two elasticity estimates of - 0.66 and 
- 0.45 are in the range of those estimated in previous 
studies, selection of an appropriate elasticity can be 
crucial depending upon the specific application. It is 
often the case that welfare analyses are sensitive to the 
choice of demand elasticity estimates. For example, 

7The null hypothesis of the absence of serial correlation in 
the 2SLS residuals could not be rejected. Hence, it was not 
necessary to use the GMM estimator for this equation. 
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Mullen, Wohlgenant, and Farris (1988) calculate the 
distribution of surplus gains attributable to a switch 
from boxed beef to tray-ready beef processing tech- 
nologies in the United States. The consumer share of 
total benefits is estimated to be 39.5% (of $845.6 
million) when - 0.66 is used as the own-price elasticity 
of demand for beef; the share increases to 50.7% when 
- 0.45 is used. 

An increasing amount of beef consumption is in the 
form of products or meals to which many marketing 
services have been added to the wholesale beef input. 
Thus, it is unlikely that a scalar can accurately reflect 
the transformation of the wholesale beef input into 
retail beef products. Because of the absence of infor- 
mation regarding this transformation, a simple 
methodology is developed for using existing data to 
obtain consistent retail demand elasticities even though 
actual beef consumption is unobservable. The ap- 
proach is sufficiently general to allow for the consistent 
estimation of retail demand elasticities for other food 
commodities for which disappearance data are also 
used as proxies for actual consumption. 
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