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Estimating Cross Elasticities of
Demand for Beef

Michael K. Wohlgenant

This paper examines the extent to which observed changes in per capita beef consumption
can be accounted for by changes in relative prices and per capita real income. Particular
attention was given to specifying the functional form by focusing on the nature of demand
shifts over time. These considerations led to selection of the Fourier flexible form with a Fourier
series expansion in relative meat prices. The results support the hypothesis that recent shifts in
demand for beef can be attributed to changes in relative prices of competing meats, especially

poultry.

Considerable interest has been ex-
pressed in the cause of the decline in U.S.
beef consumption in recent years. Two re-
cent studies [Chavas; Moschini and Meilke]
indicate different reasons for the shift in
demand. Chavas attributes changed elas-
ticities since 1970 to increased nutritional
consciousness of consumers, while Mos-
chini and Meilke attribute the recent de-
cline in beef consumption to changes in
relative prices and real income. Both stud-
ies, however, potentially suffer from spec-
ification bias. Chavas utilizes a constant
elasticity functional form in his base mod-
el, although there is no compelling reason
to expect elasticities to remain constant
over time. Moschini and Meilke attempt
to overcome functional form bias by em-
ploying a Box-Cox transformation; how-
ever, they do not include a separate price
variable for poultry in their demand spec-
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ifications. In both studies, fish prices are
excluded from the demand specifications.

In this study, a more general approach
is taken to specifying and estimating de-
mand for beef. The maintained hypothe-
sis is that changes in beef consumption
over time can be explained by changes in
relative prices and real income. Demand
for beef is specified to depend upon poul-
try and fish prices as well as beef and pork
prices and income. In order to avoid func-
tional form misspecification, the seminon-
parametric methodology of the Fourier
flexible form is utilized. The results sup-
port the hypothesis that recent shifts in
demand for beef can be attributed to
changes in relative prices of competing
meats, especially poultry.

Nature of the Data

Data used in demand analysis of beef
are annual time series on per capita beef
and veal consumption and retail price in-
dexes for beef and veal, pork, poultry, and
fish. Consumer income is measured by per
capita total personal consumption expen-
ditures. All price and income data are de-
flated by the consumer price index. The
analysis covers the period 1947-83. Data
sources are USDA, Food Consumption,
Prices, and Expenditures for quantity and
price data and the Economic Report of
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Figure 1.

the President for data on personal con-
sumption expenditures and the consumer
price index.

Figure 1 shows the relationship over
time between deflated beef price and per
capita beef consumption. Each pair of ob-
servations corresponds to a particular year.
This diagram clearly suggests that the de-
mand curve for beef has shifted over time.
These data are grouped into four sets of
observations: one set of observations for
the years 1947 through 1957, another for
the years 1958 through 1968, a third set
for the years 1969 through 1979, and the
fourth set for the years 1980 through 1983.
These clusters of points give a rough in-
dication of the nature of the shifts in the
demand curve for beef over time, al-
though within each group there are clear-
ly additional shifts in the demand curve.
These data groupings, particularly the first
grouping for 1947 through 1957, indicate
that the relationship between price and

74 76 78 :1e] 82 84 86 88 90 22 94 96 28 100
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Per Capita Consumption and Deflated Retail Price of Beef, 1947-83.

quantity along a given demand curve has
a curvilinear rather than a linear relation-
ship. Thus, a logarithmic transformation
would appear to be appropriate.

How do we account for the shifts in the
demand curve for beef over time? In-
creases in demand for beef until the early
1970s appear to be attributable mainly to
the growth in real income. This can be
seen in plots of the residuals for log price
and log quantity obtained by regressing
log price on log income and log quantity
on log income, respectively. The impor-
tance of income as a demand shifter also
can be ascertained from the regression of
log per capita beef quantity (LQB) on log
deflated beef price (LDPB), log deflated
pork price (LDPPK), log deflated poultry
price (LDPPY), log deflated fish price
(LDPF), and log deflated per capita total
personal consumption expenditures (LDY).
For the years 1947 through 1972, the es-
timated regression equation is
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LOB = 6.678 — 0.834LDPB
(0.649) (0.075)

+ 0.176LDPPK + 0.023LDPPY

(0.074) (0.058) 1

+ 0.128LDPF + 0.730LDY,
(0.150) (0.094)

R*=0979, DW =173,

where the values in parentheses are esti-
mated standard errors of the regression
coefficients.

In contrast to the earlier period, shifts
in the demand curve for beef since the
early 1970s appear to be attributable
mainly to changes in relative prices of
competing meats. From 1973 through
1983, real income as measured by deflated
per capita total personal consumption ex-
penditures only increased about seven
percent. While real beef prices declined
about 25 percent over this period, real pork
prices declined about 30 percent, and real
poultry prices declined almost 45 percent.
Real fish prices cycled over this period,
increasing about 15 percent between 1973
and 1978 and then declining by about the
same amount between 1978 and 1983. The
fact that real prices of competing meat
products—particularly poultry—have de-
clined so much in the last decade provides
the motivation for focusing attention on
cross elasticities of demand for beef.

Model Specification

Statistical analysis of demand for beef
is conducted within the context of a single
equation framework. Per capita demand
for beef depends on a number of factors
including (a) per capita income; (b) retail
prices of beef, pork, poultry, and fish; and
(¢) retail prices of nonmeat consumer
goods. Effects of prices of nonmeat goods
are assumed to be captured in an aggre-
gate price index which moves proportion-
ately over time with the consumer price
index (CPI). By the zero homogeneity
property of consumer demand functions,
the CPI can be used as a deflator for in-
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come and retail meat prices so that per
capita beef demand is related to per cap-
ita real income and real retail prices of
beef, pork, poultry, and fish. The problem
statistically is then selection of a function-
al form which best fits the data.

Consider as one candidate for a func-
tional form the constant elasticity form in
which the logarithm of per capita de-
mand is linearly related to logarithms of
real prices and the logarithm of per capita
real income. Equation (1) indicates that
this functional form provides a satisfac-
tory fit to the data over the period 1947
through 1972. Since the early 1970s, how-
ever, the nature of the demand shifts have
been such as to make the assumption of
constant elasticities over the entire sample
period suspect. This is evidenced by
changed elasticities—especially cross elas-
ticities—and a low Durbin-Watson statis-
tic when this functional form is fitted to
the data over the period 1947 through
1983:!

LOB = 5.950 — 0.600LDPB
(0.457) (0.087)
+ 0.8357LDPPK + 0.117LDPPY (@)
(0.103) (0.094)
— 0.396LDPF + 0.955LDY,
(0.086) (0.144)
Re=0027, DW = 1.05.

These considerations indicate a logical
extension of equation (2) is to make the
cross elasticity coefficients depend on real
prices of the competing meat products.
One possible specification of this behav-
ior is

LOB = A, + A,LDPB + A,LDPPK + A,LDPPY
+ A,LDPF + A,LDY
+ A,LDPB x LDPPK
+ A,LDPB x LDPPY

' Equality of elasticities between the two subperiods
1947-72 and 1973-83 was tested using the Chow
test based on the F-distribution. The null hypothesis
of equality of elasticities between the subperiods
was rejected at a probability level smaller than one
percent. See Fisher for a concise presentation of the
Chow tests for structural change.
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+ A,LDPB x LDPF

+ A,LDPPK x LDPPY

+ A,LDPPK x LDPF

+ A,LDPPY x LDPF

+ U, (8)
where U, is a random disturbance term.
This specification is similar to that used
by Waugh {p. 17] in estimating the cross
elasticity of demand for food. The model
could be expanded to include squared
terms involving log prices and log income
as well as interaction terms with log in-
come. But the statistical results indicated
these terms collectively would provide lit-
tle additional explanation.

A more general functional form—one
that is not conditional on any particular
parametric functional form—is the Fou-
rier flexible form described by Gallant
[1984]. This functional form has the prop-
erty of Sobolev flexibility. This means the
error of approximation of a functional
form and its derivatives up to some spec-
ified order can be made arbitrarily small
by including additional terms in the Fou-
rier series as the sample size increases. The
Fourier form also can estimate elasticities
consistently [El Badawi et al.].

The multivariate Fourier series can be

written as
A J

M(x) = constant + 2 2 E

a=1 j=1

: [Ujacos(jk{xx) - VjaSin(jk:xx)L

where x is the vector of logarithms of real
prices and real per capita income. The
k’s are multi-indexes which indicate the
direction of the Fourier series expansion.
Rules for obtaining these indexes are giv-
en in Gallant [1981, sec. 2]. By adding lin-
ear and quadratic terms, one obtains the
Fourier flexible form [Gallant, 1984].

The particular specification of the Fou-
rier form used in this study consists of the
linear and quadratic terms in (3) plus the
multivariate Fourier series with the six
multi-indexes: k, = (1, —1, 0, 0, 0)', k, =
1,0, —1,0,0), k, = (1,0,0, -1, 0), k, =
0,1, -1,0,0),k, = (0,1,0, —1, 0)', and
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ke = (0,0, 1, —1, 0)'. Here x,, X,, X3, and
x, denote the logarithms of real prices for
beef, pork, poultry, and fish respectively;
x; denotes the logarithm of real per capita
income. Letting f(x,, x,, X3, X4, X5) = T(x)
denote the deterministic component of (3),
the Fourier specification used here, there-
fore, can be thought of as equation (3)
plus a multivariate Fourier series expan-
sion in relative meat prices; that is,

]
LOB = f(x) + 2 2 [Uscos(i(x, — x5))

- VjISin(j(Xl - Xz))
+ szcos(j(xl - Xs))
- V]zsin(j(xl - Xs))
+ Ujscos(j(xl - X,,))
- VSSSin(j(xl - XA))
+ Uj4005(j(xz - Xs))
— Visin((x; — x,))
+ Ui5C05<j(X2 - x4))
- VjSSin<j<x2 - x4))
+ U;scos(j(xa - X4))
— Viesin(i(x,
—x)]+ U, (4)

where U, is a random disturbance term.
Note that this form of the Fourier form
differs from that indicated by Gallant
[1984, p. 207] in that the quadratic terms
in the two specifications differ. This dif-
ference has no effect on the approxima-
tion properties of the Fourier form since
approximation properties are based on the
Fourier series [Gallant, 1981].

With a Fourier series approximation, -
one must scale the data so that they lie in
the interval (0, 2x). This is because a Fou-
rier series approximation near a point of
discontinuity can oscillate wildly [Gallant,
1984, p. 206]. To avoid this problem, the
meat price data were rescaled as follows:

x, = LDPB = LOG(DPB) + 1.1418,

x, = LDPPK = LOG(DPPK) + 1.20019,
%, = LDPPY = LOG(DPPY) + 0.64432,
x, = LDPF = LOG(DPF) + 1.05165,

where DPB, DPPK, DPPY, and DPF de-
note deflated retail price indexes for beef
and veal, pork, poultry, and fish, respec-
tively. This scaling ensures that each price
series is between 0 and 6, and that the
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difference in any two price series is never
Zero.

Statistical Results

Equations (3) and (4) were estimated by
ordinary least squares with data over the
period 1947 through 19883. Initial estima-
tions indicated that the interaction terms
with the price of pork added little to the
explanation of beef consumption. Thus,
these terms were deleted from each mod-
el.2

The results for equations (3) and (4) are
presented in Table 1 as models A and C.
The results for model C are for J = 1. Both
models have high explanatory power as
indicated by the adjusted R-squared val-
ues. In both models, highly significant in-
teraction terms between beef and poultry,
beef and fish, and poultry and fish are
indicated. The Fourier form (model C),
however, is superior to the quadratic spec-
ification. The F-test that the sine/cosine
terms are zero is 8.40. With 6 numerator
and 22 demoninator degrees of freedom,
one would reject the quadratic specifica-
tion at a significance level smaller than
one percent.

In an attempt to determine whether the
difference in explanatory power of the two
models can be attributed to structural
change, the quadratic specification was
subjected to two different Chow tests: one
for the subperiods 1947-72/1973-83 and
the other for the subperiods 1947-79/
1980-83. These breaks in the sample were
suggested by the scatter diagram shown
in Figure 1. The tests indicated significant
parameter change between the first two
subperiods (1947-72/1973-83) but insig-
nificant change between the second two
subperiods (1947-79/1980-83).

Econometric results for the quadratic
demand model allowing for parameter
change between 1947-72 and 1973-83 are

2 F-values for equations (3) and (4) with interaction
terms for the price of pork were both insignificant
at the five percent probability level.
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presented as model B in Table 1. (The
variable D is the dummy variable which
equals one for 1973-83 and zero other-
wise.) Based on the adjusted R-squared
values for models B and C, which are quite
close, one might be tempted to conclude
that structural change is indistinguishable
from functional form misspecification.
This inference, however, is incorrect as the
following statistical analysis reveals.

The relative explanatory power of
models B and C can be compared using
the J-test for nonnested regression models
proposed by Davidson and MacKinnon.
The J-test is conducted by estimating a
compound regression model which con-
sists of the regressors from one model and
predicted values of the dependent vari-
able from the other model, and then test-
ing the significance of the predicted vari-
able using a conventional t-test. Under the
null hypothesis that model B is correct,
the t-value for the predicted values from
model C is 3.6. Under the null hypothesis
that model C is correct, the t-value for the
predicted values from model B is —0.4.
The interpretation of these tests is that the
truth of B is rejected, while the truth of
model C (the Fourier form) cannot be re-
jected. Since the Fourier model assumes
parameter constancy, this suggests signif-
icant parameter change in the quadratic
specification between 1947-72 and 1973-
83 can be attributed to functional form
misspecification. In other words, the re-
sults are consistent with the hypothesis that
shifts in demand for beef can be attrib-
uted to changes in real meat prices and
real income.

Elasticities

Price and income elasticities for the
three models for selected years are pre-
sented in Table 2. Not surprisingly, the
elasticities vary somewhat from one mod-
el to the other. Yet, the pattern of change
in elasticities over time is remarkably sim-
ilar among models. In particular, all three
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TABLE 1. Econometric Estimates of U.S. Beef Demand, 1947-83.

Elasticities of Demand for Beef

Explanatory Variable,

Model (Dependent Variable LQB)

Statistic A B C
Constant —-74.600 —86.733 —-78.117
(31.947) (34.443) (31.210)
LDPB 18.872 10.479 23.897
(5.293) (5.864) (8.495)
LDPPK 0.173 0.149 0.164
(0.074) (0.058) (0.052)
LDPPY 1.993 5.133 6.626
(2.083) (2.070) (2.994)
LDPF 6.400 16.707 —1.263
(4.399) (6.968) (9.654)
LDY 0.796 0.719 0.681
(0.102) (0.083) (0.081)
LDPB x LDPPY ~1.373 0.027 —0.089
(0.254) (0.403) (0.572)
LDPB x LDPF —2.094 —2.008 —1.500
(0.708) (1.097) (0.714)
LDPPY x LDPF 1.066 -0.929 —1.048
(0.269) (0.439) (0.867)
D x LDPPY " 15.483
(3.791)
D x LDPF —-13.597
(3.416)
D x LDPB x LDPPY —-2.503
(0.618)
D x LDPB x LDPF 2.249
(0.584)
D x LDPPY x LDPF —-0.058
(0.047)
sin(LDPB-LDPPY) —4.643
(1.634)
cos(LDPB-LDPPY) 0.627
(0.896)
sin(LDPB-LDPF) —11.271
(6.262)
cos(LDPB-LDPF) —0.489
(0.982)
sin(LDPPY-LDPF) —4.873
(0.770)
cos(LDPPY-LDPF) -0.211
(0.614)
R2 0.971 0.986 0.989
SSE 0.01909 0.00780 0.00580
D.W. 2.24 245 1.88

models indicate that since about the mid-
dle 1970s the cross price elasticity with
respect to poultry has increased substan-
tially, and that the relationship between

beef and fish has changed from one of
substitutability to one of complementari-
ty.
The finding that beef demand has be-
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TABLE 2. Estimated Elasticities of U.S. Beef Demand for Alternative Models, Selected Years.

Elasticity with Respect to Price of

Income
Model Year Beef Pork Poulitry Fish Elasticity
A 1950 -1.14 017 -0.09 0.32 0.80
1960 ~0.35 0.17 0.03 0.08 0.80
1965 -0.19 0.17 0.09 0.04 0.80
1970 -0.11 0.17 0.1 -0.17 0.80
1975 -0.68 0.17 0.31 -0.14 0.80
1978 -0.73 0.17 0.46 -0.23 0.80
1980 —-0.44 0.17 0.32 -0.50 0.80
B 1950 -0.74 0.15 0.03 -0.70 0.72
1960 —0.64 0.15 0.07 0.04 0.72
1965 ~0.66 0.15 0.07 0.23 0.72
1970 -0.77 0.15 0.02 0.30 0.72
1975 -1.12 0.15 0.44 —-0.68 0.72
1978 -0.76 0.15 0.39 —0.56 0.72
1980 -0.45 0.15 0.29 —0.40 0.72
C 1950 -0.57 0.16 0.13 —-0.90 0.68
1960 —0.61 0.16 -0.03 0.22 0.68
1965 —-0.60 0.16 —-0.01 0.37 0.68
1970 —-0.43 0.16 —0.03 0.20 0.68
1975 -0.97 0.16 0.18 —0.15 0.68
1978 —-0.74 0.16 0.61 -0.91 0.68
1980 -0.27 0.16 0.44 -1.02 0.68

come more sensitive to poultry prices in
recent years is intuitive, yet new. Previous
studies apparently have failed to uncover
this relationship either because of func-
tional form misspecification or because of
lack of recent data which show this rela-
tionship. An apparent U-shaped relation-
ship of this cross elasticity with respect to
time might suggest why the constant elas-
ticity model, equation (2), fails to show a
significant relationship between beetf de-
mand and poultry price.

The changed relationship between beef
and fish from substitutability to comple-
mentarity seems counter-intuitive and
perhaps indicates spurious correlation.
However, this changed elasticity relation-
ship might reflect a desire on the part of
consumers, in response to health concerns
about red meat, to expand their diets to
include fish.

Own-price elasticities vary from one
model to another and over time within
each model. However, there is little evi-
dence to indicate own elasticities have
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been increasing or decreasing in recent
years.

Cross-price elasticities with respect to
pork and income elasticities were con-
strained to be constant in each model. As
indicated previously, there was little evi-
dence to indicate these elasticities had
changed over time.

To highlight the importance of changes
in relative meat prices in accounting for
declines in beef demand in recent years,
average elasticities from model C for the
period 1975 through 1980 are applied to
percentage changes in real meat prices and
per capita real income over this period.
For this period per capita beef consump-
tion declined 15 percent, real beef prices
increased four percent, real pork prices
declined 31 percent, real poultry prices
declined 24 percent, real fish prices in-
creased six percent, and per capita real
income increased six percent. Average
elasticities of beef demand over this pe-
riod were —0.64, 0.16, 0.49, —0.79, and
0.68 for beef, pork, poultry, fish, and in-
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come, respectively. Multiplying elastici-
ties times percentage changes and sum-
ming yields a predicted decline in per
capita consumption of 20 percent. Of this
predicted decline in consumption, almost
12 percent can be ascribed to decreased
poultry prices, five percent to decreased
pork prices, and five percent to increased
fish prices. Increased beef prices account-
ed for less than three percent of the de-
cline in beef consumption over this peri-
od. Other factors constant, increases in real
income would have increased demand for
beef by only four percent.

Conclusions

The purpose of this study was to deter-
mine the extent to which observed changes
in per capita beef consumption can be ac-
counted for by changes in relative prices
and per capital real income. Particular at-
tention was given to specifying the func-
tional form by focusing on the nature of
the demand shifts over time. These con-
siderations led to selection of the Fourier
flexible form with a Fourier series expan-
sion in relative meat prices. The results
are consistent with the stated hypothesis
and lend support to the contention that
changed elasticities over time are consis-
tent with a stable demand structure.

A significant finding of this study is that,
since about the middle 1970s, beef de-
mand has become more sensitive to poul-
try prices. This suggests that the beef in-
dustry should pay close attention to
developments in the poultry industry. In
particular, further reductions in poultry
costs, if not matched by decreases in beef
production costs, can have strong adverse
effects on the demand for beef. It, there-
fore, would seem advantageous for the in-
dustry to seek ways to further reduce beef
production costs to remain competitive
with poultry.

One unresolved problem is the cause of
the changed relationship between beef and
fish from substitutability to complemen-
tarity. Since fish accounts for a very small

Elasticities of Demand for Beef

proportion of the typical consumer’s total
expenditures, the change in sign of the
cross-price elasticity from positive to neg-
ative cannot be ascribed to the income ef-
fect outweighing the substitution effect.
Whether this result is a statistical aberra-
tion or not can be resolved only by adopt-
ing a system-wide approach in which all
demand relationships are estimated joint-
ly with symmetry imposed on the cross-
price relationships.
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