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IS THE STRUCTURE OF THE DEMAND FOR FOOD CHANGING?;
IMPLICATIONS FOR PROJECTIONS

1
Rueben C. Buse

Despite the familiarity with the dynamic nature of U.S. demograph-
ics, the implications of those facts when trying to predict changes in
food expenditures are typically ignored. To illustrate, family size is
decreasing, the number of two earner families is growing, there are
fewer blue collar and more white collar workers, more families live in
the suburbs and rural areas, the percentage of household income devoted
to food is declining, and more fruits, vegetables, chicken, fish and
less fats, red meats and sugar are being included in our diets. Family
living arrangements are also in flux. The drop in marriage rates, the
increase in the divorce rate, declining fertility levels, more women in
the paid labor force, and increasing numbers of individuals in solitary
living arrangements have produced quite different life styles for the
adults age 20 to 40 from that of their parents. The evidence is strong
that parents and their children have different life styles and that
living styles and expenditure patterns are not the same as in earlier
generations. Yet, our demand analysis assumes that the consumers
response to changing conditions remains constant over long periods of
time.

In the 1950's and 1960's considerable work was published on the
demand for particular food products. Only two, Tomek, 1965 and
Langemeier and Thompson, 1967 provided evidence of changing demand
parameters and elasticities. Two other more recent studies report
declining elasticities for meat, Chavas, 1982; Nyankori and Miller,
1982. More recently, Buse, 1979; Buse and Salathe, 1978, 1979; and
George and King, 1971 have estimated demand equations for a wide range
of foods. Blaylock and Smallwood, 1983 for a number of dairy products,
Haidacher et al., 1982 for meat, fish, poultry and eggs, Senauer, 1979;
and Kinsey, 1983 for food-away-from-home. None of those researchers
considered the possibility of change in the structure of demand.

Many researchers have also described some of the observed changes
in average expenditure across consumer surveys. Gallo et al., 1979
report substantial differences in the income-to-food expenditures

1
Professor of Agricultural Economics, University of Wisconsin,

Madison, Wisconsin. The author wishes to acknowledge the helpful

comments of Thomas L. Cox on an earlier draft. This research was

supported by the Wisconsin Experiment Station and USDA contract
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relationship between 1960-61 and 1972-73. Sexauer, 1979 using the same
data base, concludes that much of the shift in food-away-from-home
expenditures over the ten-year period is due to shifting demographics.
Hama, 1979; and Rizek and Jackson, 1979 report differences in the
percentage of total food expenditures devoted to food-away-from-home
between the 1965 USDA Household Food Consumption Supply (USDA/HFCS) and
the 1977 USDA/HFCS. Both report substantial differences in how the food
dollar was allocated among food expenditures. They hypothesize that
changes in the social and economic status of the household, changes in
its demographic characteristics and life style--such as more working
females, smaller households, increased average age of households, easier
access to fast-food establishments, changes in food marketing and
distribution, and the increased national awareness of the health conse-
quences of eating habits--have contributed to the observed differences
between the two surveys. More recently the Bureau of Labor Statistics
(BLS) compared their estimates in the 1972-74 and 1980-81 surveys to the
1977-78 USDA/HFCS. After adjusting for price changes, they found that
there were differences and that those differences had increased (BLS,
1983, p. 11).

Specific programs and policies in both public and private sectors
depend upon accurate estimates and clear understanding of demand rela-
tionships. Explicitly recognizing and parameterizing structural changes
have very strong implications for decisions in marketing programs and
plans, and for policy analysis of food, trade, nutrition, and commodity
programs. It is the purpose of this paper to examine the data on food
consumption for evidence of structural change. The two most recent
cross-sectional household surveys provide the data base.

The static classical model of consumer demand writes the expendi-
ture for food i as a function of income (I), socio-demographic variables
(Z), and prices (P), i.e.,

E. = f(I, Z, P) 1

where I, Z, and P are vectors of sets of independent variables influenc-
ing expenditure Ei. The statistical counter part of (1) is:

E
i 
=

1 
+ Z'e.

2 
+ P'13.

3 
+ P (2)

Equation 2 illustrates the objective of this paper. E
i 
is a

function of both the structural parameter vectors al' a2 and e.
3 

and the

levels of the sets of independent variables I, Z and P. Analyses that
assume changes in Ei are dependent solely upon changes in I, Z or P may
be quite wide of the mark. The first objective is to try to identify
which variables are most important in explaining changes in food expen-
ditures, income change, socio-demographic changes, or relative price
changes. For example, if the second component in (2) is more important
than income and prices in explaining demand changes, then the researcher
and the data gatherers ought to be expending more effort on improving
the data and hence our understanding of how the sociodemographic van-
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ables impact food demand. As another example, if price effects are 5
times as strong as income in explaining changes, then cross section
surveys should devote more resources to obtaining information on prices
paid by respondents. The second objective is to develop a method which
will separate changes in E. attributable to I, Z

and P from expenditure changes due to parameter change. Changes in the
parameter coefficients can either accentuate or mitigate the effect of
changes in the independent variables. For example, the demand for meat
can be projected assuming a certain rate of growth in income, but if
there is a decrease in the income elasticity of demand, the net growth
in demand may be zero.

Assessing structural change in demand is at best extremely diffi-
cult. The observed demand behavior is determined by the consumer's
underlying utility surface and optimizing process. Estimates of para-
meter structure are a direct consequence of changes in the underlying
utility function and the optimization process, none of which are direct-
ly observable. Given our current knowledge and state of the art,
isolating and measuring the two effects is difficult--perhaps impossi-
ble. Certainly direct evidence of a change in the utility surface is
unobtainable, but this study uses the indirect evidence available from a
comparison of the two recent cross-sectional household expenditure
surveys, the 1972-73 Bureau of Labor Statistics Consumer Expenditure
Diary Survey (BLS/CED) and the 1977-78 USDA Household Food Consumption
survey.

THE MODEL

The BLS/CED was obtained via a diary that the responding households
used to record food expenditures during a two-week period between June
1972 and June 1974. The final data set contains 23,186 households. The
USDA/HFCS was conducted between April 1977 and March 1978 and includes
14,930 households. Both data sets contain detailed information on food
expenditures and/or consumption, income, and other socio-demographic
characteristics on a stratified-area probability sample ot U.S. house-
holds in the 48 contiguous states.

Reliable comparisons across the two data sets is much more diffi-
cult than one might expect. In addition to observable changes in the
population under study, the two surveys are dissimilar in many aspects
of their methods, procedures and definitions, all of which must be taken
into account in the analysis.

In the surveys, not all households report purchasing all foods.
Consequently, positive expenditures are recorded for those who reported
purchasing and/or consuming and zero for the rest. The data are said to
be censored in that the value of the dependent variable is observable in
only a particular range, i.e., if purchases are positive. Viewing the
two .data sets as censored samples suggested a two-equation model of
household expenditures. The first equation models whether or not the
unit reported purchasing a specific good and, given a positive purchase,
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the second equation models the proportion of total food expenditures
allocated to that food. The second equation is a substantial modifica-
tion of what began as the Almost Ideal Demand System (AIDS) originally
proposed by Deaton and Muellbauer,1980.

The econometric implications of a censored sample were originally
described and used by Gronau, 1973); Lewis, 1974; Heckman, 1974); Lee
and Trost, 1978); and Willis and Rosen, 1978). The two-stage estimation
procedure used in this study closely follows Heckman, 1979. The model
hypothesizes that the decision to purchase a given food item is a
function of the household's total income, the sources of that income, a
set of seasonal variables, plus a set of socio-demographic variables.
Given the decision to purchase, the budget share allocated to a food is
a function of total food expenditures as a proxy for permanent income,
income composition, household composition, prices, seasonality, and
other socio-demographic characteristics of the household.

Studies have reported on the importance of a wide range of
sociodemographic factors on expenditures; Burk, 1961; Chang, 1979;
George and King, 1971; Haidacher et al., 1982; Buse and Salathe, 1978,
1979; Davis, 1982; Blaylock and Smallwood, 1981, 1983; Huang and
Raunikar, 1978; Le Bovit, 1976; Salathe, 1979; Salathe and Buse, 1979;
Salathe et al., 1979; Sexauer, 1979; and West and Price, 1958 are
examples. Other studies examining labor force participation, education-
al level and place of residence include Abdel-Ghany and Schrimper,
1978; Agarwala and Drinkwater, 1972; Blaylock and Smallwood, 1983; and
Kinsey, 1983. Still others have concentrated on specific demographic
groups such as the elderly Gallo et al., 1979 and single person house-
holds Senauer and Mann, 1979. Musgrove, 1982 and Fleischer-Shamay, 1983
both report on the effect of population trends. The model incorporates
as many of those variables as is feasible.

where

The formal model for expenditure k in a specific region is:

D
k 
= Z' y

k 
+ V

k

S
k 
= X'B

k 
+ U

(3)

(4)

D
k 
= The unobserved desire of the household to purchase food k; its

observable counterpart is D
k
.

D
k 
= 1 if the household purchased food k and zero otherwise.

S
k 
= The food expenditure share for good k

Z' = [1, Y, Iy, Mi, Mm, Hi, Hh]

Y = Total household income

I
y 
= Proportion of income from y

th 
source (not exhaustive)
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M
m 
= m

th 
seasonal indicator

Hh = h
th 

household characteristic

X' = [1, ln c, Pi, P 
k' 

I ... 
1y' 

M
1'
. . M

n' 
H
1' 

... H.]

= Permanent income indicator

P
k 
= Price index for the k

th 
food

M
n 
= n

th 
seasonal variable

.th
H. = i household characteristic

k = [Yo' Y1' ...]k

f3k = [Po 131, ...]k

V
k' 

U
k 
= stochastic error terms

For a particular region and food, y and B are vectors of model
parameters to be estimated and compared across the two surveys. The

independent variables in equations (3) and (4) are not the same.

Furthermore, the model permits parameters for any given variable to have
a differential impact on the decision to buy/consume versus its impact
on the budget share allocated to that good.

Standardizing all the variables in the model and assuming that the
error terms in (1) and (2) have a bivariate normal distribution, then

k

U
k

The expected value of Dk is given by the probability that the household
will purchase good k:

E(DkIX) = F(Z'yk) 5

where, F(Z'yk) is the cumulative of the standard normal distribution

function evaluated at Z'yk. Given that the household decides to

purchase good k, the expected conditional budget share for food k is:

E(S
k
ID
k 
= 1
' 

X) =
k 
+

k

—f(Z'yk)—

F(Z'yk)
(6)

where a
k 
is the vector of parameters in (4) and F(Z'y

k
) is the normal
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density function evaluated at Vyk. Estimating equation (6) yields

parameter estimates, 13k, for equation (4) that have desirable

statistical properties. The parameter AK is also a test of the appro-

priateness of the Heckman approach.

In summary, the empirical model contains two equations for each

expenditure. The first one calculates the probability of a household's

reporting a positive expenditure, and the second is the conditional

demand equation. The unconditional demand equation is:

E(S
k
IX) = E(S

k
ID
k 
= 1, X) F(Vy

k
) (7)

A probit procedure was used to estimate equation (5). The parameters of

the probit model can then be used to calculate the last term on the

right hand side of (6). Equation (6) is then estimated by OLS. One

food expenditure equation is dropped to accommodate the adding up

criterion.

THE ANALYTICAL MODEL

The procedure used to compare changes in expenditures between

1972-74 BLS/CED and the 1977-78 USDA/HFCS expands upon a method orig-

inally suggested by Kelley, 1969 and used by Sexauer, 1979. It sepa-

rates the effects of changes in the structure of demand (the coeffi-

cients) from changes in the economic and demographic variables that

impact food demand (changes in the variables). Furthermore, it examines

each of the factors that contributed to the observed changes by disag-

gregating the total change in average regional household expenditures

into components.

The change in average expenditure per household between the two

surveys is:

where:

U B
AE
k 
= E

k 
- E

k
(8)

EU = weighed average expenditure for food k in the 1977-78
USDA/HFCS

E
B 
= weighed average expenditure for food k in the 1972-74

BLS/CED

In each survey, the average expenditure for food k is a sum of the
weighted average expenditure across the regions. For illustrative
purposes assume that there are two regions. Then average expenditure
for good k for the BLS and USDA data sets is:

. 14B EB 
k 

14B EB
k 1 l 2 2k
U U U U
E
k 
= W

1 
E
U
lk 
+ W

2 
E
2k

(9)



where: W. = The appropriate population weight for a household in
3 region j, j = 1, 2, and
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E
jk 

= average household expenditure in region j on food k.

The change in expenditures and weights between the CED and HFCS for
each region and expenditure can be written as:

EB
ik 

= E
ik 

- LE
ik

B U
W. = W. - AW.
1 1 1

(10)

SubstItuting (10) into (9) and the result into (8) yields equation
(11).

AE = [WU AE
1 
+ WU AE

2 
] + [EU AW

1 
+ EU A

2
W (11)

1 2 1 2 

+ [AW1 AE1 + AW2 AE2]

The first bracketed term in (11) is the difference attributable to a
change in average regional household expenditure, the second term is the
change due to a change in regional population proportions (weights), and
the third term, the change due to the interaction of changes in weights
and expenditures.

The model for this study uses budget shares rather than expendi-
tures but shares are easily incorporated into the procedure. For any
region and expenditure,

E. = S.T. (12)
J J

where S is the budget share and T is the total expenditure on all foods
in region j. The difference of (12) is:

AE. = S.AT. + T.AS. + AT.AS. (13)
J JJ JJ J .1

The conditional budget share for a particular good k in region j is

estimated by equation (6), i.e.,

U 
= 

U U U
X. i = 1, 2, ...t (14)Si a + E b. i 

jii ij
j = 1, 2

SB 
B B

a. = 
j 
+ b. X 

j ij

where: a., b. = the estimated demand parameter in region j
J Ji

t = number of independent variables in the demand

equation.

2
Equation .611) can also be obtained directly by taking the differen-

tial of E
k 

in (9).
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The unconditional budget share is calculated by (7).

Following the earlier procedure, (14) can also be written as:

S. = E b.. AX. + E Ab..X.. + E Ab..AX. (15)
ji 1 31 ij ji 1

Equation (15) permits disaggregating the change in budget shares

between 1972-74 and 1977-78 into three parts: economic and demographic

changes (AX ), changes in the demand response parameters (Ab), and

interactions (AbAX). Using (13) and (15) the final version of (11) for

any expenditure in the two-region model is:

U U 
AE = [AW

1
S
1
T
1 
+ AW

2
S
U
2
T
U 
2
] Population proportions (16)

+ 
[AS1WU1T1 

+ AS,WUTU]
. 2 2 

Budget shares
U

+ [AT
1 
WUSU

1 
+ AT

2 
WUTU] Total food expenditures

1  2 2

+ [AW
1 AS1 

T
u 
+ AW

2 
AS
2 
T
u
]1  2

+ [AW
1 AT1 

S
u 
+ AW

2 
AT
2 
S
u
] Interactions

1  2

+ [AS
1 
AT

1 
WU
1 
+ AS

2 
AT
2 
WU]
2

Change attributable to:

+ [AS
1
AT

1
AW

1 
+ AS

2
AT
2
1W
2
]

Equation (16) provides a formula for disaggregating the change in

total expenditure of food k between the two surveys into 7 components:

shifts in population weights within a region, changes in budget share

devoted to food k, changes in total food expenditure, and a set of two-

and three-way interaction terms that are expected to be small. Using

equation (15), the second component, change in budget share, can be

further subdivided into a set of components attributable to shifts in

demand equation parameters and another set attributable to changes in

the average value of the socio-demographic variables in the region.

For empirical application, equations (15) and (16) were extended to

12 regions and 11 food groups. The final analytical model guiding the

disaggregation of changes in household total food expenditures between

1972-74 and 1977-78 is:

AT = I AE
k k

U U
AE, = AW.(S.,T.) + E LS. (WT'?) + E AT.(S.,W.)

K J J JK J J JK J J J J JK

+ (AW.AS..T. + AW.AT.S. + S. AT.W. + AS. AT.AW.)
J j J1 J J J Jk jk j 3 3k 3

- S. = Eb. .AX . + EAb. .X.. + EAb. .AX..
3k 1 jki ij 1 jki 13 1 jki ij

(17)

(18)

(19)
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where: j = 1, ...12 regions
k = 1, ...11 food groups and
= 1, ...t independent variables.

Given a vector of regional population weights, average regional

total food expenditures, and a model of household budget shares estimat-
ed on a regional basis, equations (17) through (19) are used for evalu-

ating the sources of observed changes in household expenditures between
the two surveys. Because the components are additive, the change in

budget share can be aggregated into meaningful groupings of the t

independent variables in equation (19) and then those effects can also
be summed across expenditures, regions, and variables. For each expen-

diture the change between the CED and HFCS is broken down into the

following components:

1. change in population weights;
2. change in the average household's total food expenditure;
3. change in expenditure due to:

a. income and source of income,
b. characteristics of the household heads,
C. household composition,
d. prices of food-at-home and food-away,
e. seasonals, and
f. mean level of expenditures in the region.

THE RESULTS

The USDA/HFCS and the BLS/CED differed in a number of importan
respects that had to be resolved to maximize their compatibility.
Expenditure compatibility was a major task. The CED consisted of 287
expenditures that could be aggregated into 10 major food groups. The

USDA/HFCS consisted of 3,831 expenditures that could be aggregated into
19 major marketing groups. Since the expenditure groups in the BLS/CED
were fixed, the USDA/HFCS expenditures were reaggregated to be compar-
able to the BLS expenditures. The expenditures in the model are:

1. Total Food
2. Food-at-Home

a. Cereal and Bakery Products
b. Meat, Fish, Poultry and Eggs
C. Dairy Products
d. Fruits
e. Vegetables
f. Sugars and Sweets
g. Fats and Oils
h. Non-Alcoholic Beverages
i. Miscellaneous Prepared Foods

3. Food Away From Home

3
For details on the data adjustments see Buse and Glaze (1984).
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Expenditures (a) through (i) sum to Food-at-home. Food-away-from-home

plus Food-at-home sum to Total Food. The sums were checked for each

household in both data sets and all discrepancies corrected.

There was a time span of five years and nine months from the date

of interview of the first household in the BLS/CED to the last interview

in the USDA/HFCS. Following Benus et al., 1976 the model provides for

relative price changes across time periods within regions. The price

data were the monthly BLS price indices for major cities of the United

States in the census region for the household's survey month.

Detailed examination of individual observations revealed outliers

in both data sets. Each was examined and many problems were easily
corrected, others wve excluded because they did not fit the underlying

hypothesized model. A sample of the estimated expenditure functions

was tested for heteroscedasticity (Judge et al., 1980, p. 146). The
hypothesis of homoscedasticity was rejected in practically all of the

equations, and a EGLS procedure was used to obtain estimates of the

demand parameters Judge et al., 1980, p. 141ff.

If the model does not fit the data, then it is valueless as a basis
for calculating and comparing expenditure behavior in the two data sets.

A value "rho" was used as an indicator of "goodness of fit" of equation

(6). The values are not the usual coefficients of multiple determina-

tion, R2, because the heteroscedasticity adjustment eliminated the

constant term from the statistical counterpart of equation (6). Follow-

ing Judge, 1980, p. 253ff, rho was calculated as the correlation between

the calculated budget share (S) and the actual budget share (S). It is
interpreted as the percentage of variation in budget share explained by
equations (5) and (6). Recognizing that the data are cross-sectional,
they are quite satisfactory, ranging from a low of .22 to a high of .62.

In over half of the 132 equations the independent variables explain more

than 40 percent of the total variation in budget shares.

Several observations emerge with respect to the appropriateness of

the model as reflected by the calculated rho's. First, the consistency

of results across areas for any given expenditure is very good. If, for

one data set, the model fits better in one area it follows the same

pattern in all 12 areas. In general the model fits the BLS data better

than the USDA data.

Second, the model provides a better explanation of some expendi-

tures than of others. This pattern is also consistent in both data

sets. Clearly, the more aggregate the expenditure, the better the model

in terms of goodness-of-fit. Across the 11 expenditures, total food and

food-away-from home have the highest rhos. Very few were less than .4

and most are above .5. Among the subgroups of food-at-home, the model

fits best for cereals and dairy products and poorest for sweets,

non-alcoholic beverages and miscellaneous expenditures.

4
A listing of all changes and corrections to the USDA/HFCS is

available from the author. Problems encountered in the 1972-73

BLS/CED are reported in Buse (1979).
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Third, the coefficient, Xk on the last term in equation (6) is a

test of the appropriateness of the Heckman procedure. It was greater
than 1.7 times its standard error in most regions for cereal, sweets,
and food-away. For the remaining foods, the results were scattered,
with approximately 1/4 to 1/2 of the regions showing statistically
significant Xk's.

According to equation (19), observed differences in purchases for a
particular food k in region j arise out of:

1. difference in the demand parameters; i.e., if Bis equal to 
B
Bikj

then AB is equal to zero and differences are from AX.

. U2. difference in the means of the two samples; i.e., If X is equal

to , then AX is zero and differences are from AB.Xijk

3. interactions between AB and AX.

If there is no statistical difference between the parameters of the two
data sets (the AB terms are statistically equal to zero), then all
differences in expenditures are due to changes in the independent
variable means (the AX terms). In this case, strong evidence exists of
no structural change in the demand for food.

The null hypothesis of no structural change is rejected for most
foods across the regions. Only 28 gpt of 132 calculated F-values were
less than a .05 critical F of 1.40.-J The equations for dairy, fruits,
and vegetables account for more than half the failures to reject. There
were more rejections for the three expenditure groups in the Western
region than anywhere else. Miscellaneous foods accounts for another
large group of the remaining non-significant differences. They were

scattered across all 12 areas. This result was not surprising since

miscellaneous expenditures was the "catch-all" category. It is probably
so heterogeneous that the independent variables are not effective

explanatory variables.

A final test of the model is the reasonableness of signs on the

coefficients, particularly on income and the price indices. Based upon
the first term in equation (19), weighted average signs of each coeffi-
cient can be determined because AX is always positive for those vari-

ables. The signs conform to expectations.

5
The F-test is not a very powerful test. It provides no information

on which parameters or combination of parameters are significantly

different. The Bonferroni and Scheffe' multiple comparisons are

probably more appropriate; however the project did not have access

to the necessary computer software or the funds for the necessary

programming
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In summary, given that the model uses cross-sectional data sets, 
it

does fit the data reasonably well. It explains a satisfactory propor-

tion of the variation in the dependent variable, shows real 
parameter

differences between the two data sets, and gives results that are

consistent from equation to equation. Next the model is used as a

vehicle for examining expenditure differences between the CED and
 the

HFCS.

Differences in Expenditures 

Using OLS estimates of equation (6), unconditional food group

expenditures per 1000 households were calculated for each of the 12

geographic areas at the geographic means of the independent variables.

The aggregates across these areas as well as the actual averages are

shown in Table 1. The differences between the two surveys to b% ex-

plained by the model are exhibited in the last column of the table. It

shows that between the two periods, average weekly household total food

expenditures increased by $20,793/1000 households or $20.79/ household.

The food group with the largest single increase was meat, fish, and

poultry and eggs which increased $5.31/household/week. This food group

accounted for 25% of the total increase. Foods eaten away from home had

the second largest increase, $5.05/household, accounting for 24% of the

change. They were followed in order by vegetables, dairy products,

cereal and bakery products, fruits, and non-alcoholic beverages, all

with increases of $1.50 to $2.00/household. The largest percentage

changes conform to a priori expectations. Fruits, vegetables, fats and

oils, and beverages increased 85 to 100% of the 72-73 average, while

cereals and bakery, dairy, and miscellaneous expenditures showed in-

creases of less than 50%. From Table 1 it is clear that expenditures

per household increased for all food groups. The question remaining is

"What factors account for the observed changes?."

The change in expenditures for each food group between the 1972-74

CED and the 1977-78 HFCS was disaggregated according to equations (19)

and (20). The results are shown in Table 2. Most of the change in

average household expenditures is due to an increase in total food

expenditures, the proxy for permanent income (Col 1) with changes in

budget shares playing a small secondary role (Col 3), and changes in

population weights a very poor third. As the household's income in-

creased across the 7-year period, the expenditure for each food also

increased, reflecting a positive income eftect. Holding income con-

stant, there was an actual decline in the budget share for all foods

except fruits, vegetables, fats and oils, and non-alcoholic beverages.

Changes in the distribution of households between the two periods (e.g.,

change in weights) had very little effect on the observed difference in

expenditures. The conclusion is that most of the observed difference in

food expenditures between 1972-74 and 1977-78 is due to growth in

6
To accommodate the adding-up criterion, i.e., the food subgrou

ps

add up to total food-at-home expenditures, the expenditure for o
ne

food is calculated as a residual. Sweets had the lowest rho and it

was chosen as the residual equation.
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Table 1: Changes in Weekly Expenditures by
Food Group in Dollars/1000 Households:
19/2-74 BLS/CED to 1977-78 USDA/HFCS

CED* HFCS* HFCS-CED
Food Group Actual Calculated Actual Calculated Absolute Percent

Total Food

Food-at-Home

Cereal

Meat

Dairy

Fruit

Vegetables

Sweets

Fats & Oil

Beverages

Miscellaneous

Food-away

Weighted.

$34,714 $35,236 $55,553 $56,029 $20,793

25,618 26,095 49,163 41,839 15,744

3,067 3,147 4,737 4,742 1,595

9,827 9,751 14,605 15,061 5,310

3,526 3,645 5,468 5,504 1,859

1,693 1,716 2,993 3,279 1,563

1,982 2,040 3,719 4,046 2,006

778 1,088 1,165 1,435 347

718 739 1,418 1,514 775

1,904 1,919 3,396 3,599 1,680

2,124 2,050 2,663 2,659 609

$ 9,095 $ 9,141 $15,390 14,190 5,049

59.0

60.3

50.7

54.5

51.0

91.1

98.3

31.7

104.8

87.6

29.7

55.2

household income. In the individual food groups that growth was
tempered in some cases by a reduction in budget shares and in others
accentuated by an increase in share. The budget share declined for
cereals, meats, fish and poultry, dairy, sweets, miscellaneous prepared
foods, and food eaten away from home. In contrast, the budget share for
fruits, vegetables, fats and oils, and beverages increased.

The data in Tables 1 and 2 provide a great deal more detail that isnot available elsewhere. Households have positive income elasticities,but the size of the income effect is modified by changes in budget
shares. For all foods in which total expenditures increased less than50% between 1972-73 and 1977-78 (Table 1), budget shares decreased. In
contrast, those foods showing expenditure increases of 90% or more also
show increasing budget shares.

The main sources of change in food expenditures derived from
changing budget shares are shown in Table 3. In Table 4, the changes
attributable to the most influential variables, income, the two price
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Table 2: Distribution of Changes in Food

Expenditures by Factors Producing the Changes

Food Group

Change attributable to change in

Total
Food (TFD) Population Budget Inter- Net

Expenditures Weights Share Actions Change

Food at Home $13,951 $ 44 $-421 $ 170 $15,744

Cereal 1,809 5 -361 144 1,597

Meats 5,737 10 -716 278 5,310

Dairy 2,100 15 -396 142 1,860

Fruit 1,251 21 480 -188 1,563

Vegetables 1,540 11 735 -281 2,006

Sweets 550 -17 -330 140 344

Fats & Oils 576 -2 317 -116 775

Beverages 1,375 -4 501 -191 1,608

Miscellaneous 1,013 5 -651 242 609

Food Away 5,434 -15 -528 147 5,049 _ _

Total Food $21;385 $ 29 $-949 $ 293 $20,793

indices, and the socio-demographic variables are disaggregated into

components due to Aa and AX. Table 3 shows that mean expenditures,

ceteris paribus, changes substantially and that income level, food

prices and, in a few foods, household characteristics are the major

sources of the observed changes. Clearly, the small net effect of

budget share changes in Table 2 conceals some very large offsetting

effects of particular economic and demographic variables. They are

described below.

Average Expenditures (Constant Term) 

The large changes in the constant term means that, after 
accounting

for as many independent variables as possible, the rep
resentative base-

group households' food expenditure increased by $8.56 (Table
 3). Among

the individual foods, mean expenditure increased for cereals, dairy

products, sweets, fats and oils, and miscellaneous foods. It decreased

for meats, fish, poultry, eggs, fruits, vegetables, beverage
s, and food

eaten away from home. Given the large amount of nutritional information
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Table 3: Distribution of Changes in Food Expenditures Per 1,000 Households
Between 1972-73 and 1977-78 According to Major Sources of the Changes

Price of Income  Household Food Constant Food at Food Level Sources Character- Composi- Other TOTALGroup Term Home Away istics tion CHANGE

Food at home 13,211 18,732 -15,534 -18,665 312 2/8 1,500 -255 -421

Cereal 1,637 4,131 -5,530 -1,138 115 421 -2 5 -361

Meats & Fish -4,233 1,178 9,796 -9,255 21 492 1,149 136 -716

Dairy 923 2,100 -3,617 -286 55 325 -27 131 -396

Fruits -257 2,063 98 -1,976 38 381 86 47 480

Vegetables -1,297 8,187 -4,185 -1,754 78 54 -336 -12 735

Sweets 19,361 -4,965 -9,300 -3,784 -85 -1,347 246 -456 -330

Fats & Oils 2,081 3,670 -4,622 -748 11 -538 395 68 317

Beverages -6,968 10,480 -3,354 -50 24 20 198 151 501

Miscellaneous 1,964 -8,112 5,180 326 55 470 -209 -325 -651

Food Away -4,656 -20,876 9,957 19,662 -599 -3,084 -879 -53 -528

TOTAL FOOD 8,555 -2,144 -5,577 997 -287 -2,806 621 -308 -949



Table 4: Changes in Food Expenditures, 1972-73 to 1977-78 Attributable to Changes

in Parameters and to Independent Variable Level

Food
Group CP1.-FAH CPI-FAW Income

H.H.
Characteristics
and Composition

AB AX AB AX AB AX AB AX

Food at home 16,557 -2,863 -13,718 3,049 -15,428 -1,166 1,120 430

Cereal 3,458 -689 -5,104 1,976 -316 -753 366 61

Meat, fish, etc. -244 2,114 9,444 -3,954 -8,464 346 1,491 83

Dairy 1,942 -360 -4,117 1,384 697 -962 224 -22

Fruit 1,879 -517 -548 735 -1,408 -373 407 16

Vegetables 5,876 -67 -2,482 -147 -1,250 -337 -358 63

Sugar & Sweets -3,336 -1,848 -5,973 345 -2,360 1,438 -1,318 152

Fats & Oils 2,773 -148 -3,900 819 -432 -258 -145 2

Beverages 8,104 -693 -3,037 911 397 -424 178 28

Miscellaneous -5,846 -3 3,610 -55 673 -340 196 24

Food Away -18,013 3,293 8,383 -76 17,128 226 -3,020 713

TOTAL FOOD -1,456 430 -5,335 2,973 1,701 -1,900 -1.900 -283
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and educational material available, the results for fruits, vegetables,
fats and oils, and beverages are contrary to a priori expectations. The
results suggest that changing food patterns are quite complex and that
further refinements in the expenditure model are necessary to isolate
the cause or causes of the observed changes. Following Haidacher (1983,
p. 36), the results are strong indirect evidence of a change in the
structure of food expenditures.

Food Prices 

The two variables reflecting price level changes within a region,
the CPI's for food-at-home and food-away, generally had the largest
impact on the change in food expenditures. These two variables must be
interpreted with caution since they were included in the model to
control for price level across time and not to quantify the ettect of
price changes in expenditures or budget shares. Thus, their signs may
seem contrary to theoretical expectations but are plausible from the
point of view of the impact of price level changes on budget shares,
ceteris paribus.

Table 3 indicates that changing food prices exert countervailing
influences on expenditures for food consumed at home. Increasing
at-home food prices almost exactly offset the income effect. Between
the two periods income changes reduced at-home food expenditures by
$18.66 per household. This effect was almost exactly offset by the
effect of increased food prices (+$18.73). The same countervailing
effect is evidence in food-away-from-home expenditures. Higher food
prices are associated with large household expenditures for most at-home
food at the expense of sweets, miscellaneous foods, and food-away-
from-home.

When the aggregate eftect of the price variables are disaggregated
into zI3 and AX effects, it is clear that changes in the regression
coefficients are for more important than changes in the price level
(Table 4). The only exception is meat, fish, poultry and eggs. It is
also clear that, with the exception of sugar and sweets, the price leve}
parameters decreased in absolute value between 1972-73 and 1977-78.
The household has become less sensitive to changes in price level.

Income

Changing average household income is important in explaining
changes in food expenditures, but income sources are not (columns fourand five, Tabl,-, 3). The only food for which the increase in expected
income had a substantial upward impact on expenditures was for food
eaten away from home ($19.66/household). This large positive effect on

7
Based upon equation (19): AE = BAX + XAB. Since AX and X are

Positive for the CPI's, a positive XAB implies IBU > I BB 1 since AB
U 

= B - BB.
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the food-away budget was mostly offset by the negative influence of
food-at-home (-$18.66/household). One half of the $18.66 decrease was
in the meat, fish, poultry and eggs group and another one-sixth in sugar
and sweets. Rising incomes are apparently being used to eat out or buy
more prepared foods. The change was primarily the result o.f an increase
in the model coefficients rather than a change in income (Table 4).

Income had little effect on dairy, fats and oils, beverages, and
miscellaneous expenditures. Table 4 shows that for those foods the
effects of both parameters and variable levels were small. For the
remaining foods the effect of parameter differences was usually several
times larger than the variable level. Furthermore, the absolute magni-
tude of the income coefficient decreased for all foods except fruits,
vegetables, and food-away. The data suggest that households allocated a
larger share of food expenditures to those 3 items in 1977-78 than in
1972-73. The results are consistent with expectations. In 1977-78
households with higher incomes purchased proportionally more fruits,
vegetables and food-away-from-home and less of other foods than they did
in the earlier period.

Socio-Demographic Characteristics 

On the basis of Tables 3 and 4, changes in the distribution of
"household characteristics" and in its composition explain less of the,
change in food expenditures than expected. "Household characteristics
constitutes the aggregation of the effects of age, sex, race, education
of the household head, number of earners, and occupation of the head and 1

spouse. Composition includes four variables describing the number of 7
male and female members of various ages and the total ages of members in
each of those groups. Again, for both sets of variables, the change in
the regression coefficients was much more important than changes in the
level or distribution of the variables themselves.

Does It Make Any Difference? 

The parameter changes that can be inferred from the above analysis
are summarized in Table 5. Although some of the observed differences
are not likely to be statistically significant, the table still leaves a
very strong impression of a changing demand structure. Moreover, most
of the changes are toward zero implying that the U.S. household ls
becoming less sensitive to price level and income changes.

The very nature of the process that generates the economic models
we use means they are likely to be several years old before they become
available. Given that income level is a major determinant of the level
of household total food expenditures, that the impact of changes in
income and price level on the allocation among the foods is decreasing,
that prices and income are positively correlated but their effect is
countervailing, and that the effect of the socio-demographic variables
is also small, does it make any difference in the conclusions that gr014
out of extending such models into future time periods? An illustration
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Table 5: Direction of Change in Parameters on Income and
Price Level, 1972-73 to 1977-78

Direction of Change in:

Food Grou CPI-FAH
Food at home

Id Cereals
le
le Meat, Fish, etc.,tl

Dairy Products

a Fruits

8 
Vegetables

Sugar & Sweets

Fats & Oils

Beverages

Miscellaneous
Le

Food Away

Lci Total Food

dwn = decreasing absolute magnitude
11P = increasing absolute magnitude

CPI-FAW INCOME

dwn

dwn

dwn

dwn

dwn

dwn

up

dwn

dwn

up

dwn

dwn

dwn

dwn

dwn

dwn

dwn

up

dwn

dwn

dwn

dwn

dwn

dwn

up

up

dwn

dwn

up

up

dwn

up

dwn

dwn

up

up

of the difference that "outdated(?)" parameters make on food projectionsis presented in Table 6. The first column shows calculated 1977-78
expenditures using the 1977-78 model and regional means. The secondS 
column

s used the same means but the 1972-73 model. Differences betweenhe two columns reflect parameter differences over the 6-year period.a

5
The higher the level of aggregation, the smaller the differencesbetween the two sets of estimates. Using the parameters from the

1972-73 data would have overestimated average total household foodexpenditures by 3.5 percent and total at-home food expenditures by lessthan 1 percent. It would underestimate the growth in food-away by

differences 
12 percent. The disaggregated food groups show much larger

uifferences. The 1972-73 parameters overestimate expenditures forcereal, dairy, sweets, fats and oils, and miscellaneous foods and
underestimate meats, fruits, vegetables, and beverages. If the re-searcher
even larger. 

is interested in regional expenditures, the difterences are
For example, food-away is overestimated more than 30Percent in the South and West and is underestimated by 20 percent in the
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Table 6: Comparison of Estimated Expenditures per 1000
Using 1972-73 and 1977-78 Parameter Estimates

Food Group

Estimated Expenditures using
Parameters from: Differences

1977-78 1972-73 Actual Percent

Food at home 41,839 42,145 306 .7

825 17.4

-1,264 - 8.4

1,103 20.0

- 512 -15.6

-1,528 -37.8

1,869 130.2

286 18.9

- 621 -17.3

148 5.6

Food away 14,190 15,847 1,657 11.7

TOTAL FOOD 56,029 57,993 1,964 3.5

Cereal

Meat and fish

4,742

15,061

5,567

13,797

Dairy 5,504 6,607

Fruits 3,279 2,767

Vegetables 4,046 2,518

Sweets 1,435 3,304

Fats & oils 1,514 1,800

Beverages 3,599 2,978

Miscellaneous 2,659 2,807

North Central region. Fruits are slightly overestimated in the North

Central region and substantially underestimated (20 percent or more) in

the other three regions. Based on Table 6 policy analysts have reason

to pause and ponder and to be very conservative in any conclusion that

arises out of such exercises.

SUMMARY AND CONCLUSIONS

The purpose of this study was to examine the questions "Is the

structure of demand changing" and "What are the implications for demand
projections?" The results provide a number of conclusions. First, the

data strongly suggest that the demand parameters are changing and that
the direction of change in those parameters is towards zero. It means
that the average U.S. household is becoming less price and income
sensitive in allocating its food budget among the major foods. If true,
the implications are far reaching. On the one hand, it means that
marketers may more easily influence consumers' decisions without worrY-
ing about the household price and income constraints. On the other
hand, it makes modeling and policy analysis exceedingly more difficult
because price and income are the primary variables economists use.
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Second, current cross-sectional models have difficulty explaining
50% of the household-to-household variation in expenditures. Very
little is known about the other factors that explain the rest--unless a
great deal of behavior is stochastic. Furthermore, if income and prices
are declining in importance as explanatory variables and household
characteristics are of marginal value in explaining food expenditure
behavior, then our current models and the theory that serves as their
foundation need enrichment. Research is needed to identify the vari-
ables that are important in explaining variations in expenditures and
the theoretical analysis to back them up. Consequently those agencies
and organizations designing and implementing expenditure surveys must be
encouraged to expand the scope of those surveys since it is our primary
source of data.

Third, there are real differences in the demand structure for food
across the regions. Thus sampling all subsectors of the U.S. household
Population is necessary if our models are to be reasonable descriptions
of demand behavior.

Fourth, population dynamics seem to play a much smaller role than
Previously reported in the literature. It suggests the hypothesis that
researchers, using cross sectional data sets, may be attributing priceand income effects to socio-economic variables that are correlated with
prices. The conclusion is that price variables are necessary explana-
tory variables in cross-sectional sets. Fifth, the resultssugge  dt t

st that the usual practice of deflating expenditure and income by a
general index of prices can produce misleading results. The procedure
assumes the effect of the price index is equal to but opposite to the

r
effect of the variables being deflated. The practice may be satisfac-Lory for major categories of food expenditures such as food-at-home orfood-away. 

However, it is questionable for subgroups of foods where the
Parameters are not equal and opposite in sign. Hence, increased effort
should be devoted to obtaining data that will permit the researcher to
isolate price effects from the effects of other variables.

In summary, the results indicate that much of the explainable
difference in food expenditures is due to changes in price and income
levels,lv but that seems to be changing. Population demographics seeming-

Play a small role, but that may simply be because their effect maynot have been properly modeled. In addition to encouraging producers ofnationwider 
surveys to obtain a much wider set of information on their

orpgidents , researchers also need to be encouraged to incorporate morethose variables into their analyses at both the theoretical and
Practical levels.
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