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Will Changing Demographics Affect U.S.

Cheese Demand?

Christopher G. Davis, Donald Blayney, Diansheng Dong,
Steven T. Yen, and Rachel J. Johnson

U.S. cheese consumption has grown considerably over the last three decades. Using a censored
demand model and Nielsen Homescan retail data, this study identifies price and non-price factors
affecting the demand for differentiated cheese products. Own-price and expenditure elasticities
for all of the cheese products are statistically significant and elastic. Results also reveal that
a strong substitution relationship exists among all cheese products. Although demographic in-
fluences are generally smaller than those related to prices and expenditures, empirical findings
show that household size, college educated female heads of household who are age 40 and older,
residing in the South, Central, and Western regions of the United States, as well as Black heads of
household, have positive statistically significant effects on consumers’ cheese purchases.
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Today’s cheese producers and consumers face
a much different market dynamic than existed
in even the recent past. The proliferation of dif-
ferentiated cheeses (and other food products
as well) has created segmented markets where
knowledge of how consumer demands are
influenced by demographic and economic
factors becomes important. Among the many
factors that influence cheese consumption are
(1) increased availability of cheese varieties,
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(2) expanded cheese use by fast food and pizza
restaurants, (3) increased use of cheese as an
ingredient by both food manufacturers and home
cooks, (4) increased consumption of “cheese-rich”
ethnic foods such as Italian and Mexican dishes
(Manchester and Blayney, 1997), and (5) changes
in consumer demographics.

In grocery stores and other retail outlets,
cheese products are sold in many forms, including
natural cheese in consumer-sized cuts, bagged
shredded cheese, and processed cheese slices. The
existence of these product forms and their relative
price differences suggest that consumer prefer-
ences are not homogeneous across product forms
and that they should be considered in analyses
of cheese demand. Consumer preferences among
cheese product forms are influenced by de-
mographics, including race, ethnicity, and age.

Emphasis on the nutritional benefits of milk
and dairy products has also likely contributed
to changes in cheese consumption. Cheese re-
tains its calcium content and is recommended
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for good health and nutrition (U.S. Department
of Agriculture and U.S. Department of Health
and Human Services, 2005). The 3-Every-Day
program is an effort designed to encourage
people to consume three servings of low-fat
cheese, yogurt, or fluid milk in efforts to im-
prove calcium and other nutritional intakes.

Cheese production and sales are key eco-
nomic components of the U.S. dairy industry.
Milk production has risen steadily over time
in the United States, reaching approximately
188.9 billion pounds in 2008. Milk used for
processed fluid beverage milk products has
been essentially flat over time at about 55 bil-
lion pounds (U.S. Department of Agriculture—
Economic Research Service), so the increasing
milk production is being used for manufactured
products (cheese and butter) and cultured prod-
ucts such as yogurts. Cheese production (not
including cottage cheese) absorbed about 82
billion pounds (65%) of approximately 127
billion pounds of milk entering the manufac-
tured products production channel in 2008, and
is clearly a key factor in determining the out-
look for the U.S. dairy industry.

Economic theory informs us that demand
for normal goods will increase as income or
household income increases. However, accord-
ing to Engel’s law, the proportion of income
spent on food should fall as income rises even if
food expenditures increase. Demand elasticities
provide insights on how the responses of con-
sumers to changes in demographics, prices, and
incomes affect product demands. Empirical es-
timates of these demand parameters help char-
acterize analyses of the cheese markets. For
example, economic data show that per capita
personal income has increased annually over the
past 8 years (U.S. Department of Commerce—
Bureau of Economic Analysis, National Eco-
nomic Accounts, 2010). Although income elas-
ticities are different from expenditure elasticities
commonly estimated in demand studies, many
estimates of expenditures suggest cheese is
a normal good, so if consumers’ food expendi-
ture rises, it is expected that total cheese pur-
chases will also rise. Regarding population de-
mographics, non-Whites are forecast to increase
more rapidly than Whites (U.S. Department of
Commerce—U.S. Census Bureau, 2008), which
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will have a positive impact on natural cheese
purchases.

A number of studies have considered the
importance of product form as a demand-
determining factor (e.g., Bergtold, Akobundu,
and Peterson, 2004; Heien and Wessells, 1988,
1990; Huang, 1993; Maynard, 2000; Maynard
and Liu, 1999; Park et al., 1996). In addition
to cheese forms, there have been a number of
other studies that have analyzed cheese prod-
ucts from many different perspectives (e.g.,
Dong and Kaiser, 2005; Gould, 1992; Gould,
Cornick, and Cox, 1994; Gould and Lin, 1994,
Schmit et al., 2002, 2003; Yen and Jones,
1997). The study most comparable to the pres-
ent study is Maynard (2000), who examines
seven different cheese forms using Nielsen
1996-1998 Homescan data. The present study is
unique because of (1) analyzing cross-sectional
data collected over 12 months for the year 2006,
(2) using a censored demand system, (3) assess-
ing impacts of 14 demographic variables on the
demand for different cheese forms, and (4) esti-
mating both conditional and unconditional price
elasticities. The purpose of this study will be to
examine U.S. cheese demand, where five cheese
categories are identified: natural, cottage, pro-
cessed, shredded, grated and other, and to de-
termine the roles of demographic factors such as
age, race, and ethnicity on cheese demand.

Previous Related Studies

Using Deaton and Muellbauer’s (1980) Almost
Ideal Demand System (AIDS) model and data
from the 1987-1988 Household Food Con-
sumption Survey, Heien and Wessells (1988)
obtain own-price elasticity estimates of —0.52
and —1.10 for cheese and cottage cheese, re-
spectively. In a later study, Heien and Wessells
(1990) derived an own-price elasticity of —0.37
for cheese and —0.03 for cottage cheese using
microdata and a censored regression approach.

Bergtold, Akobundu, and Peterson (2004)
estimated unconditional own-price and expen-
diture elasticities for processed foods using the
flexible and separable translog multi-stage de-
mand system. Within dairy products, elasticities
for cheese (not shredded), shredded cheese, imi-
tation cheese, and cheese spreads yield estimates
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of —0.70, —0.95, —1.84 to —1.90, and —1.88 to
—1.90, respectively. These own-price elasticities
are substantially higher than those obtained in
studies where more aggregated groupings were
included, as in the studies by Heien and Wessells
(1988, 1990), Huang (1993), and Park et al. (1996);
while in general, the Bergtold, Akobundu, and
Peterson (2004) study also yielded lower expen-
diture elasticities. The authors attribute elasticity
estimates greater in absolute value to the use of
scanner data and a more disaggregated set of food
products.

Maynard (2000) uses a double-log model to
estimate seven demand equations for chunk,
sliced, grated, shredded, snack, cubed, and other
cheese products, using weekly scanner data. Re-
sults yielded own-price elasticity estimates for
these respective cheese products of —1.70, —1.22,
—0.15,-0.98, -0.45, —3.95, and —2.70, which were
equal to or greater than the range of estimates
determined by Bergtold, Akobundu, and Peterson
(2004).

Maynard and Liu (1999) investigated ex-
pectations of increasingly elastic dairy product
demand and, given the range of models avail-
able to derive elasticity estimates, evaluated the
sensitivity of estimates to the type of demand
model used. Their study used Nielsen retail
scanner data and incorporated three models to
estimate own-price elasticities: the double-log,
static linear (LA) AIDS, and National Bureau
of Research (NBR) differentiated models. Elas-
ticity ranges across the models were widest for
the various cheese types, with the NBR model
resulting in the most elastic estimates. The
elasticity for sliced cheese ranged from —2.08
to —1.64 for the NBER and double-log models,
respectively, resulting in the smallest disparity
between models. The range of elasticities was
greatest for chunk/loaf and shredded cheese,
with the static LA/AIDs and double-log models
generating the most inelastic estimates for each
respective product range. The elasticity for snack
cheese was the smallest of all cheeses when
estimated with the double-log model (-0.58), and
across all models was the largest with the static
LD/AIDS model (—1.68).

The General Accounting Office conducted
an analysis of the impacts of dairy compacts on
the U.S. dairy industry, deriving a baseline, or
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no compact, scenario. Medium-term, 5 year,
wholesale demand elasticities for dairy cheeses
were estimated at —0.16, —0.25, and —0.45 for
American, Italian, and other cheeses, respectively
(U.S. General Accounting Office, 2001).

Schmit et al. (2003) estimated the demand
of different cheese types while evaluating the
impact of advertising on U.S. household cheese
purchases. Their study used data from the Nielsen
Homescan Panel of U.S. households, and found
higher price sensitivity for natural than processed
cheese, with purchase probability elasticities of
—0.53 and —0.36 for natural and processed cheese,
respectively, and a total cheese elasticity of —0.35.

Huang, Jones, and Hahn (2007) used the
AIDS model to estimate elasticities of store and
national brands of shredded, sliced, and chunk
cheeses in small and large sizes. Their study
also compared cheese purchases in stores lo-
cated in lower and higher income areas. Both
lower and higher-income area stores demon-
strated more elastic demand for national brands
than for store brand cheeses. Additionally, na-
tional brands were not only shown to have
higher elasticities than store brands, but also
exhibited a wider range of estimates. Shoppers
of the lower-income stores were more price
sensitive for all products except store brands of
small and large sliced cheese (—1.93 and —1.77),
national brands of sliced cheese in the large size
(=3.05), and national brands of chunk cheese in
small package sizes (—1.23). The most inelastic
estimates across all income stores and brand
types were for snack cheese.

Additional studies have also evaluated the
effects of factors such as shifting demographics
on dairy product demand (Gould and Lin,
1994; Park et al., 1996; Schmit et al., 2002;
Schmit and Kaiser, 2004, 2006). Schmit and
Kaiser (2004), for example, determined that a
growing Hispanic population and increases in
per capita spending on food away from home
were the primary contributors to increasing per
capita cheese demand, yielding respective elas-
ticities of 0.27 and 0.43 using a time-varying
parameter model. Using the censored autocorre-
lated regression approach, Schmit et al. (2003)
determined household age composition to be a
primary factor in the demand for cheese, as the
proportion of children under 17 and a younger
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head of household, or meal planner, were factors
in increased cheese purchases. Unconditional
elasticities of 0.35 and 0.40 for natural and pro-
cessed cheese, respectively, were also estimated
using household size as a demographic variable.
Using a two-step panel data approach, Schmit
et al. (2002) determined a household-size elas-
ticity of 0.68 for processed cheese. The age of
the female head of household also resulted in an
elasticity estimate of —0.45 for processed cheese.
Among other factors, such as changing eating
patterns and evolving promotion and advertis-
ing, there has also been the expectation that
changing demographics will result in increasing
price elasticities for cheese products (Maynard
and Liu, 1999). In the study by Park et al. (1996),
the price elasticities for cheese from non-poverty-
status households and poverty-status households
was estimated at —0.24 and —0.01, respectively.

Demand System Specification and
Econometric Procedure

Our sample contains zero purchases of the cheese
products, a situation that presents a problem for
analysis of a system of demands and should be
properly addressed to avoid biased model esti-
mates. In general, not every product in a speci-
fied demand system is purchased by any given
household. Data aggregation, for example, from
the original transaction base to an annual base, is
not always helpful, especially for a large demand
system, along with the fact that valuable infor-
mation on variations is compromised in such ag-
gregation. Therefore, a censored demand model
that addresses zero purchases is adopted in this
study.

There is a large menu of censored estimators
for demand systems, and they all have short-
comings. The Kuhn-Tucker procedure of Wales
and Woodland (1983) and the virtual-price ap-
proach of Lee and Pitt (1986) are statistically
incoherent (Ransom, 1987) and produce incon-
sistent estimates when the concavity restriction
of the utility function is violated. The concavity
restriction required for statistical coherency (van
Soest and Kooreman, 1990) is difficult to im-
pose for flexible functional forms.

The Tobit system estimator (Amemiya, 1974),
used in Yen, Lin, and Smallwood (2003), does
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not suffer from the issue of statistical incoher-
ency, but the adding-up restriction is compro-
mised. The lack of adding-up also occurs with
other approaches, including the maximum en-
tropy estimator of Golan, Perloff, and Shen
(2001) (also a Tobit system); the sample-selection
estimator (Yen and Lin, 2006), its two-step al-
ternative (Shonkwiler and Yen, 1999), and a
semiparametric extension (Sam and Zheng, 2010);
and other two-step estimators (Heien and
Wessells, 1990; Meyerhoefer, Ranney, and Sahn,
2005; Perali and Chavas, 2000). Wales and
Woodland (1983) suggested a mapping mecha-
nism to achieve adding-up in the Tobit system of
Amemiya (1974), which was later implemented
by Dong, Gould, and Kaiser (2004).

In this study, we follow Dong, Gould, and
Kaiser (2004) in implementing the Tobit system
estimator along with the mapping rule suggested
by Wales and Woodland (1983). Given the
complicated mapping rule from the latent share
to the observed share, symmetry cannot be
guaranteed for the observed share, though it is
imposed on the latent share. Another potential
limitation is that not all purchases may be
reported, and the resulting measurement error
could bias the parameter estimates. Our empir-
ical analysis is based on the assumption that
cheese products are weakly separable from all
other consumer goods. Following Dong, Gould,
and Kaiser (2004), the latent share system of the
AIDS model (Deaton and Muellbauer, 1980) is
expressed as

(1) S =A+yInP+0InY +e,

where S* is an M-vector of latent expenditure
shares on cheese products, P is an M-vector of
prices, and Y = y*/P* is the total cheese ex-
penditures (y*) deflated by a translog price
index (P*), and € is an M-vector of error terms.
Demographic characteristics, an N-vector D,
are incorporated by transforming the intercept
A in Equation (1) such that A = BD. The param-
etersare 3 (M x N), 0 (M x 1), and y (M x M).
Given the budget constraint, the adding-up re-
striction requires that the latent shares sum to 1.
This adding-up condition can be attained through
parameter restrictions U3 = [1,0,---, 0], V8 =
0, Uy =10,0,- - -, 0], where 1 is an M-vector of
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ones. Other theoretical constraints such as ho-
mogeneity and symmetry can also be imposed
on Equation (1). For example, we impose sym-
metry on Y, and homogeneity is then automati-
cally satisfied under adding-up and symmetry
(Deaton and Muellbauer, 1980).

The adding-up restriction implies that the
joint density function of € is singular, so estima-
tion must be based on M — 1 latent share equa-
tions. We drop an equation from the system and
an element from the error vector €, and assume
the resulting error vector is distributed as an (M — 1)
dimensioned normal with zero means and a finite
and positive definite covariance matrix.

The mapping of the latent shares vector (S*)
to the observed share vector (S) must take into
account that the elements of S lie within the
unit simplex and sum to unity for each obser-
vation. One such mapping is introduced by
Wales and Woodland (1983):

Si=S8/> 8 it S0
jes

2

=0 if SF<o,

where J = {j:y#>0} Nn{l,..., M}, which is
the set of subscripts for all positive shares. The
mapping of S* to S in Equation (2) has the
property that the resulting density function is
invariant with respect to the element of S* ex-
cluded. Assuming that at least one cheese prod-
uct is purchased, the likelihood contribution can
be written according to the observed purchase
pattern (sample regime) for each household.
Consistent and efficient model estimates can be
obtained by maximizing the sum of log likeli-
hood contributions over the sample, with multiple
probability integrals evaluated with a probability
simulator (Hajivassiliou, 1993). Details can be
found in Dong, Gould, and Kaiser (2004).

Elasticities are evaluated based on the ex-
pected expenditure share values. Expected values
of observed expenditure shares can be obtained
by summing the product of each regime’s prob-
ability and the expected conditional share values
over all possible regimes. Define observed share
vector

i=1,..., M,

(3) Rk:(S] :...:Sk:(); Sk+]>0,..., SM>O),

for a sample regime in which the first £ goods
are censored and the rest are positive. Regime
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Ry is actually the sum of all the purchase pat-
terns with k zero-valued shares. The expected
value of the jth observed expenditure share is

Z Ng, E

i=k+1

“) (S7'/Re),

where Mg, is the probability that regime Ry oc-
curs. The expected share value conditional on
purchase regime Ry is

E(S/R) = B[S /R)/ 5 E(S/R)] i >k
-0 . fi<k

From Equation (4) the impacts of changes in
prices, demographic characteristics and total
expenditures on cheese demand can be obtained,
which requires evaluation of M — 1 dimensioned
integrals. With 2 — 1 purchase regimes, these
integrals would need to be evaluated a large
number of times. Following Dong, Gould, and
Kaiser (2004), we simulate the elasticities using
the procedure developed by Phaneuf, Kling, and
Herriges (2000) for a censored demand system
applied to recreation choices. Assume we have
R replicates of the error vectors € in Equation (1).
The rth simulated latent share vector, S.°, evalu-
ated at the sample means of exogenous variables
(D, P, y* and P™), is

(%)

6) S =PBD+ yInP + 0log(y*/P¥) + &,

where €, is the rth replicate of €. The rth rep-
licate of the ith observed share is then

Sy =Si/> Sk if Sh>0
@) jel

=0 it S¥<o.

The expected observed share vector for R rep-
licates is then calculated as the simple average
of these simulated values:

1 R
S) = = s,
r=1

With a small change in price j, AP;, the elas-
ticity vector with respect to this price change is

AE(S) P, + APj/2
AP; E(S)+ AE(S)/2°

®)

©  yl=—A+

where A, is a vector of 0’s with the jth element
equal to 1, and AE(S) is the change in the
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simulated £(S), given the change of price, AP;.
Elasticities with respect to total expenditure
and demographic variables can be simulated as

o _ AE(S) 1

a0 m AX E(S)+AE(S)/2’

where AX represents the change of total expen-
diture or demographic variables. Further, com-
pensated elasticities can be derived by regular
means, using Slutsky’s equation.

Data

The 2006 Nielsen Homescan data contain de-
mographic and food purchase information for a
nationwide panel of representative households.
Each household in the panel is given a hand-
held device to scan at home all food items
purchased at any retail outlet. Some households
record only Universal Product Code (UPC) coded
foods, while others record both UPC-coded
and random-weight items. The UPC barcode is
a familiar entry on consumer goods and is one of
the principal technological developments, along
with store computers, that made modern scanner
data possible. In this study, we used a subset of
7,223 households that recorded both UPC-coded
and random-weight products. Each purchase
record contains data on product characteristics,
quantity purchased, price paid with and without
promotions (such as coupons), date of purchase,
store, and brand information. Each panel house-
hold provides information on the size and com-
position of the household, household income,
and origin, age, race, gender, and education and
occupation of household members. Market loca-
tion data are also available for each household.
Projection factors (sample weights) are pro-
vided by Nielsen to be used to generate national
estimates.

Nielsen data only contain retail purchases
for “at-home” use. Thus, one of the limitations
to using the Nielsen data are that products
consumed “away-from-home” at establishments
such as fast food restaurants, dine-in restaurants,
cafeterias, and schools, etc., are not included. If
the products being analyzed have significant
“away-from-home” consumption, as cheese does,
estimated economic measures such as per capita
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consumption or elasticities must be evaluated with
that in mind.

Table 1 shows the sample statistics for the
six cheese categories. Over 81% of the house-
holds used in the 2006 Nielsen Homescan data
purchased some type of natural or processed
cheese. A large portion of consumers’ household
expenditure for cheese is spent on natural and
processed cheeses. The quantity and price—or
both—for natural and processed cheeses are higher
relative to the quantities and prices of the other
cheese categories.

Table 2 shows the definitions and sample
means of demographic variables used in the cen-
sored demand analysis. A total of 18 variables
are used in the analysis, including household size
(continuous) and dummy variables representing
children present in household, female' age cate-
gories (18-39, 40-64, and >65), regions (Central,
East, South, and West), female educational at-
tainment (less than high school diploma, high
school diploma, some college, and college), and
race and ethnicity (White, Black, Asian, His-
panics, and other race). Reference categories that
are dropped in the estimation procedure to avoid
singularity for this analysis are female head of
household ages 18-39, Eastern region, less than
high school diploma, and other race.

The average household size for the 2006
Nielsen data are 2.34 persons. For age, 64% of
the female heads of household were between
40 and 64-years-old. More households in the
Southern region participated in the Nielsen
Homescan survey than any other region in the
United States. Forty-one percent of the female

I Nielsen data are divided into female and male
for several demographic categories including head of
household, age, occupation, education, etc. The person
participating in the Nielsen survey is asked the ques-
tion, “who is the head of household.” Head of house-
hold is self defined by the person participating in the
survey. The head of household can be a single person
or two persons, regardless of whether the person or
persons are single or married. While the Nielsen data
provide information on both males and females, single
or married persons as head of households, we decided
to focus on female heads of households because they
are still the persons who do the majority of the
shopping for the household, regardless of their occu-
pational status or income.
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Table 1. Sample Statistics of Quantities, Expenditures, and Prices (Sample Size = 7,223
households)

Variable Mean SD % Households Consuming
Quantities (Ibs per household over 12 months)

Natural cheese 7.15 10.17 81

Cottage cheese 4.84 11.36 50

Processed cheese 8.68 10.56 91

Grated cheese 4.46 7.24 71

Shredded cheese 0.56 1.23 41

Other cheeses 1.69 3.94 47
Expenditures (dollars spent per household over 12 months)

Natural cheese 25.99 35.10

Cottage cheese 8.13 19.57

Processed cheese 24.60 30.17

Grated cheese 15.46 23.42

Shredded cheese 3.11 6.50

Other cheeses 7.11 15.89

Prices (dollars spent per 1b over 12 months)

Natural cheese 4.16 1.33

Cottage cheese 1.79 0.47

Processed cheese 3.29 1.30

Grated cheese 4.03 1.21

Shredded cheese 6.08 1.37

Other cheeses 5.93 2.54

heads of household were college educated and
76% of all heads of households were White.

Results

Summary of Estimated Demand System Price
and Demographic Coefficients

Table 3 shows the estimated price and demo-
graphic coefficients of the censored demand
system using the GAUSS software system and
BHHH maximum likelihood procedure (Berndt
et al., 1974). All own- and cross-price coeffi-
cients are found to be statistically different
from zero at the 1% level of significance, as are
all but one (processed cheese) of the expendi-
ture coefficients. For example, the natural cheese
coefficient estimate is the largest of all own-price
parameters. Natural cheese and processed cheese
cross-price coefficient estimate is larger than the
other cross-price coefficient estimates. A total
of 84 demographic parameters are estimated,
42 (or half) of which are statistically significant.

Household size, for example, influences the
purchase of processed cheese.

In this study most of the coefficient esti-
mates are highly statistically significant. These
coefficients are used in Equations 9 and 10 to
derive the price, expenditure, and demographic
elasticity estimates reported in Tables 4, 5, and
6. Discussions of these elasticity estimates are
presented in the next three sections followed by
the conclusions.

Conditional Compensated Price
Demand Elasticities

How changes in prices or consumers’ expendi-
ture on cheese alter the type and form of cheese
demanded is one of the primary questions the
authors set out to answer in the analysis. Table 4
presents the compensated price elasticities for
the six cheese forms, all of which are statisti-
cally significant at the 1% level of significance,
except for one that is significant at the 5% level.
All own-price elasticities are negative. The
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Table 2. Definitions and Sample Statistics of Explanatory Variables

Variable Definition

Continuous explanatory variable

Household size The number of members present in the household
Binary explanatory variables (yes = 1; no = 0)
Children present There is a child present in the household
Age of female household head
18-39 years® Female household head is between 18 and 39-years-old
40-64 years Female household head is between 40 and 64-years-old
65 years or older Female household head is at least 65 years-old
Region
Central Household resides in the Central region of the United States
South Household resides in the Southern region of the United States
West Household resides in the Western region of the United States
East* Household resides in the Eastern region of the United States
Educational level
<High school® Female head has less than a high school education
High school Female head has a high school education
Some college Female head has some college education
College Female head has a college degree
Race
White Race of the household is White
Black Race of the household is African-American
Hispanic Race of the household is Hispanic-American
Asian Race of the household is Asian-American
Other* Race of the household is other American
Variable Mean Standard Deviation

Continuous variable

Household size is the number of members in household 2.34 (2.64)
Dummy variables (% of households)
Children present in home 22
Female head of household ages 18—-39* 13
Female head of household ages 40—64 64
Female head of household ages 65 or older 23
Central region 17
Southern region 38
Western region 23
Eastern region® 22
Female head of household w/ less than HS education® 4
Female head of household w/ HS diploma 24
Female head of household w/ some college 31
Female head of household w/ college degree 41
White head of household 76
Black head of household 13
Asian head of household 3
Hispanic head of household 7
Other race head of household* 1

“Reference category.
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Table 4. Conditional Compensated Price Elasticities for Cheese Demand

Natural Cottage Processed Grated Shredded Other
Variable Cheese Cheese Cheese Cheese Cheese Cheese
Natural cheese —1.54%** 0.25%** 0.67%** 0.44%%* 0.087% %% 0.10%**
Cottage cheese 0.77%%* —2.49%** 0.83%%* 0.55%%%* 0.18%%% 0.16%**
Processed cheese 0.56%** 0.20%** —1.32%%* 0.36%** 0.05%* 0.15%**
Grated cheese 0.76%** 0.34%%** 0.72%%** —2.07%** 0.11%%* 0.15%**
Shredded cheese 1.04%%% 0.73%%* 0.95% %% 0.73%%* —3.74%%* 0.29%#**
Other cheese 0.38%%** 0.08%#*:* 0.64 %% 0.33%%:* 0.05%:%:* —1.48%%*

*#*% % indicate statistical significance at the 1% and 5% level, respectively.

estimated own-price elasticities, particularly for
cottage cheese (—2.49), grated cheese (-2.07),
and shredded cheese (—3.74), reveal that sizeable
changes in quantity demanded of these cheese
forms could potentially result from a 1% change
in their prices. All compensated cross-price
elasticities are positive, implying net substitution
relationships among the six cheese forms. Net
substitution among natural cheese and shredded
cheese is of particular interest in that a 1% in-
crease in the price of natural cheese will cause
almost a proportionate increase in the demand
for shredded cheese. From a practical perspec-
tive, these findings indicate that in the absence
of an initial desired cheese form or in the case
where there is a price increase beyond what con-
sumers are willing to pay for the initial desired
cheese form, another available cheese form will
be purchased.

Conditional Uncompensated Price Demand
Elasticities and Expenditure Elasticities

Table 5 shows the estimated uncompensated
price elasticities and expenditure elasticities for
the six cheese forms. All uncompensated own-

price elasticities are statistically significant
at the 1% level and elastic: —1.55 for other
cheese, —1.63 for processed cheese, —1.84 for
natural cheese, —2.25 for grated cheese, —2.59
for cottage cheese, and —3.77 for shredded
cheese. Other studies that also found one or
more own-price elasticities for cheese forms to
be elastic include Heien and Wessells (1988),
Maynard and Liu (1999), Maynard (2000), and
Bergtold, Akobundu, and Peterson (2004).
According to the estimated elasticities, con-
sumers are more responsive to changes in the
price of shredded cheese than they are to other
cheese forms. The form least responsive to
a price change is other cheese, which still yields
a change in quantity demanded proportionally
greater (155%) than the change in its price.
The cross-price relationships among the six
cheese forms, for the most part, suggest they
are gross substitutes. All but two of the cross-
price elasticities are statistically significant.
Estimated expenditure elasticities are all posi-
tive and statistically significant at the 1% level.
Of the six cheese forms, natural, cottage, and
grated cheeses show the greatest levels of re-
sponsiveness to changes in cheese expenditures,

Table 5. Conditional Uncompensated Price and Expenditure Elasticities for Cheese Demand

Natural Cottage  Processed  Grated Shredded Other Expenditure
Variable Cheese Cheese Cheese Cheese Cheese Cheese Elasticity
Natural cheese —1.84%%%  (.16%** 0.31%** 0.25%#%  0.04%%%  (0.04%** 1.05%%%
Cottage cheese 0.45%** 2 59%** 0.45%** 0.35%** Q. 13*%*%*  (.08%** 1.13%%*
Processed cheese ~ 0.29%¥*  (.12%%* ] .63%** 0.19%**  0.01** 0.08#** 0.94 %%
Grated cheese 0.46%**  (.25%** 0.38***  _225%k*x  (0.07***  (.08%** 1.02%%*
Shredded cheese 0.80%**  0.66%** 0.68%** 0.58%** 3 J7*Fkx  (.23%** 0.827%**
Other cheese 0.10%**  0.00 0.31%%* 0.15%**%  0.01 —1.55%%% 0.98 %%

*#*% ** indicate statistical significance at the 1% and 5% levels, respectively.
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with expenditure elasticities greater than unity,
followed by other cheese (0.98), processed cheese
(0.94), and shredded cheese (0.82). These ex-
penditure elasticities reveal that there is a direct
relationship between expenditures on cheese
forms and the demand for cheese forms.

Impact of Conditional Demographic
Elasticities Estimates

Table 6 shows elasticity estimates of demo-
graphic variables for at-home cheese demand.
Fourteen demographic variables are analyzed
in the censored demand model, namely, house-
hold size; children present in home; female head
of households ages 40-64 and ages >65, re-
spectively; individuals living in the Central,
Southern, and Western regions of the United
States, respectively; female head of households
who earned a high school diploma, some college
experience, and who received a 4-year college
degree, respectively; and female head of house-
holds who were White, Black, Asian and Hispanic,
respectively.

Our findings reveal that of the six cheese
categories, demographics had statistically sig-
nificant impacts on natural, cottage, processed,
and grated cheeses. Specific demographic fac-
tors that have positive impacts on cheese de-
mand include household size and age of female
heads of households. Central and Southern re-
gion locations, college graduates, and Blacks
have positive effects on cheese demand relative
to their reference variables. Shredded cheese has
the largest statistically significant demographic
elasticities, but they are negative, which means
that a percentage increase in the proposed de-
mographics elasticities will lead to a decrease
in at-home cheese demand. However, one of the
objectives of this study is to identify whether
demographic factors have an impact on at-home
cheese demand.

Findings from Schmit et al. (2002) indicate
that household size and age of female head
elasticities for at-home processed cheese were
0.680 and —0.449 for processed cheese. A simi-
lar study conducted by Schmit et al. (2000)
shows that the household size elasticities were
0.088 for shredded cheese and 0.136 for pro-
cessed cheese. In contrast to the Schmit et al.

Journal of Agricultural and Applied Economics, May 2011

(2000) study, our findings reveal that household
size has a negative, statistically insignificant im-
pact on at-home grated and shredded cheese
demands, but that female heads of household
ages 40—64, and 65 or older have positive im-
pacts (0.043 and 0.020) on processed cheese
demand (contrary to that shown earlier by
Schmit et al. (2002)). Another study by Schmit
et al. (2003) found that household size elasticities
for natural and processed cheeses were 0.349 and
0.399, respectively. In the present study, house-
hold size elasticities for natural and processed
cheeses had different impacts on at-home cheese
demand. Household size in this study had a pos-
itive impact on at-home natural cheese demand,
but was smaller in comparison with the Schmit
et al. (2003) findings, and a negative impact on
processed cheese demand. Based on the results
from previous studies, it appears for the most part
that household size is affecting the demand for
cheese less than it did in past years.

Female heads of households age 65 and
older had a positive impact on demand for four
of the six cheeses. While regionally, residence
in the Southern and Central parts of the U.S.
positively affected the purchase of grated
cheese. Other cheese purchases are influenced
by the Central, Southern, and Western regional
locations. Educated females who are heads of
households also played a role in cheese pur-
chases. Female heads of households who held
college degrees and those who had some college
experience have positively influenced the pur-
chase of other cheeses. The purchase of natural
cheese is also found to be influenced by female
heads of households who held college degrees.

While there are some statistically signifi-
cant demographic outcomes in the censored
demand model for at-home cheese demand that
we have estimated, the influence of these var-
iables is small. The estimates derived show that
the demographic values are important, but have
less of an impact on consumer demand for the
six cheese categories than do cheese prices and
consumers’ cheese expenditure.

Conclusions

The objectives of this analysis are to estimate
U.S. cheese demand parameters and quantify
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some of the important economic and de-
mographic factors influencing the purchase of
different cheese forms. Using Nielsen 2006
Homescan retail data, we find demographic
factors are important and have mostly positive
effects on consumers’ cheese purchases. In par-
ticular, household size is a factor that has a pos-
itive elasticity, which means that as household
size increases, the purchase of cottage and nat-
ural cheeses will also increase. However, com-
pared with previous studies, household size has
less of an impact on cheese purchases. Other
demographic variables that also positively im-
pact certain cheese purchases include female
heads of household age 40 and older, residing in
the South, Central, and Western regions of the
United States, female heads of household with
different educational attainments, and Black
heads of household.

Although the elasticity estimates derived for
some of the demographic factors do influence
demands for certain cheese forms, their overall
impacts are small relative to those estimated for
cheese prices and consumer expenditures on
cheese. Demographic factors are, perhaps not as
important as some previous studies have found
because the data used in this study are at-home
cheese purchases from retail stores. Other cheese
demand studies that have looked at commercial
disappearance have found much larger de-
mographic impacts. When including ingredient
and restaurant cheese demand, demographics
may play a more important role in determining
cheese demand, e.g., evidence of greater away-
from-home consumption by a particular group
may have a positive impact on cheese demand.

The own-price elasticities for all cheese
forms are statistically significant and condi-
tionally elastic, with those of shredded cheese
and cottage cheese being the largest absolutely,
indicating that the demands for these two
cheeses are more price responsive than that for
the other cheeses (Tables 4 and 5). One possible
reason for the small demographic elasticities is
that at-home consumption price elasticities are
more elastic than total cheese consumption,
which includes restaurant and ingredient uses
for cheese. Substitutability among the six cheese
forms is an interesting and useful finding for
milk producers, cheese manufacturers, and retail
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stores. One of the possible implications that can
be drawn from the positive cross-price elastici-
ties estimates derived in this study is that con-
sumers will likely switch to other cheese forms
if the price of their initial choice of cheese in-
creases beyond a certain threshold (Tables 4 and
5). In addition, this study shows that the esti-
mated expenditure elasticities for all six cheese
forms are significant and positive; and that nat-
ural, cottage, and grated cheeses are highly sen-
sitive to changes in cheese expenditures.

The results of this study, and others like it,
are useful to the dairy industry as a whole and
to the cheese industry in particular. Cheese
consumption has had and will continue to have
implications for the industry given the large
(and growing) share of milk production used in
the manufacture of cheese products. Cheese
manufacturers and marketers can make use of
the information as input into decisions related
to potential production changes or to development
of marketing strategies.

In most cases, demographic influences are
smaller than those related to prices and ex-
penditures (a proxy for income), but many of
them do exhibit at least statistical significance
that varies across cheese categories. Based on
the results of this analysis, if national or even
store brand cheese marketers wish to promote
some particular product type, the importance of
the characteristics of female heads of house-
holds and their differences across the product
types could be used to develop marketing strat-
egies. Location factors were also found to be
important across the defined product types, but,
perhaps surprisingly, racial/ethnic factors were
not. One explanation for this result might be
a confounding of the regional and ethnic char-
acteristics. In other words, the regional variables
may be capturing the role of the shares of pop-
ulations based on race and ethnicity. Further
analysis is necessary to examine this possibility.

Demand parameter estimates can also have
important implications for policy and program
analysis. Dairy policy is primarily focused on
the supply side of the dairy market—most
policy and programs in place are designed to
influence the milk price received by producers.
However, policies and programs also exist to
assist consumers as they make decisions regarding
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foods and food purchases, including milk and
dairy product purchases. Policy makers can use
the empirical information, such as elasticities
from demand studies, to help make informed
decisions on the implications of proposed policy
and program changes.

[Received July 2010; Accepted February 2011.]
References

Amemiya, T. “Multivariate Regression and Simul-
taneous Equation Models when the Dependent
Variables are Truncated Normal.” Econometrica
42(1974):999-1012.

Bergtold, J., E. Akobundu, and E.B. Peterson.
“The FAST Method: Estimating Unconditional
Demand Elasticities for Processed Foods in the
Presence of Fixed Effects.” Journal of Agri-
cultural and Resource Economics 29(2004):
276-95.

Berndt, E., B. Hall, R. Hall, and J. Hausman.
“Estimation and Inference in Nonlinear Struc-
tural Models.” Annals of Economic and Social
Measurement 3(1974):653-65.

Deaton, A., and J. Muellbauer. “An Almost Ideal
Demand System.” The American Economic
Review 70(1980):312-36.

Dong, D., B.W. Gould, and H. Kaiser. “Food
Demand in Mexico: An Application of the
Amemiya-Tobin Approach to the Estimation
of a Censored Food System.” American Journal
of Agricultural Economics 86(2004):1094—-107.

Dong, D., and H. Kaiser. “Coupon Redemption
and Its Effect on Household Cheese Pur-
chases.” American Journal of Agricultural
Economics 87(2005):689-702.

Golan, A., J.M. Perloff, and E.Z. Shen. “Esti-
mating a Demand System with Nonnegativity
Constraints: Mexican Meat Demand.” The
Review of Economics and Statistics 83(2001):
541-50.

Gould, B.W. “At-home Consumption of Cheese:
A Purchase-Infrequency Model.” American
Journal of Agricultural Economics 74(1992):
453-59.

Gould, B.W., J. Cornick, and T. Cox. “Consumer
Demand for New Reduced-Fat Foods: An
Analysis of Cheese Expenditures.” Canadian
Journal of Agricultural Economics 42(1994):
367-80.

Gould, B.W., and H.C. Lin. “The Demand for
Cheese in the United States: The Role of House-
hold Composition.” Agribusiness 10(1994):43-57.

Journal of Agricultural and Applied Economics, May 2011

Hajivassiliou, V.A. “Simulation Estimation
Methods for Limited Dependent Variable
Models.” Handbook of Statistics, Vol 4. G.S.
Maddala, C.R. Rao, and H.D. Vinod, eds., pp.
519-43. Amsterdam: North-Holland, 1993.

Heien, D.M., and C.R. Wessells. “The Demand
for Dairy Products: Structure, Prediction, and
Decomposition.” American Journal of Agri-
cultural Economics 70(1988):219-28.

“Demand Systems Estimation with

Microdata: A Censored Regression Approach.”

Journal of Business & Economic Statistics
8(1990):365-71.

Huang, K.S. “A Complete System of U.S. De-
mand for Food.” Technical Bulletin No. 1821.
Washington, D.C.: U.S. Department of Agricul-
ture, Economic Research Service, 1993.

Huang, M.H., E. Jones, and D.E. Hahn. “De-
terminants of Price Elasticities for Private La-
bels and National Brands of Cheese.” Applied
Economics 39(2007):553-63.

Lee, L.-F., and M.M. Pitt. “Microeconometric
Demand Systems with Binding Nonnegativity
Constraints: The Dual Approach.” Econo-
metrica 54(1986):1237-42.

Manchester, A., and D.P. Blayney. The Structure
of Dairy Markets. Washington, D.C.: U.S.
Department of Agriculture/Economic Research
Service, Pub. No. AER-757. 1997. Internet site:
http://www.ers.usda.gov/publications/aer757
(Accessed July 13, 2010).

Maynard, L.J. “Sources of Irreversible Consumer
Demand in U.S. Dairy Products.” Selected paper
presented at annual meetings of the American
Agricultural Economics Association, Tampa, FL,
July 30—August 2, 2000.

Maynard, L.J., and D. Liu. “Fragility in Dairy
Product Demand Analysis.” Selected paper
presented at annual meetings of the American
Agricultural Economics Association, Nashville,
TN, August 8—11, 1999.

Meyerhoefer, C.D., C.K. Ranney, and D.E. Sahn.
“Consistent Estimation of Censored Demand
Systems Using Panel Data.” American Jour-
nal of Agricultural Economics 87(2005):660—
72.

Park, J.L., R.B. Holcomb, K.C. Raper, and O.
Capps, Jr. “A Demand System Analysis of
Food Commodities by U.S. Households Seg-
mented by Income.” American Journal of Ag-
ricultural Economics 78(1996):290-300.

Perali, F., and J.P. Chavas. “Estimation of Censored
Demand Equations from Large Cross-Section
Data.” American Journal of Agricultural Econom-
ics 82(2000):1022-37.



Davis et al.: U.S. Cheese Demand and Demographics

Phaneuf, D.J., C.L. Kling, and J.A. Herriges.
“Estimation and Welfare Calculations in
a Generalized Corner Solution Model with an
Application to Recreation Demand.” The Re-
view of Economics and Statistics 82(2000):83—
92.

Ransom, M.R. “A Comment on Consumer Demand
Systems with Binding Non-negativity Constraints.”
Journal of Econometrics 34(1987):355-59.

Sam, A.G., and Y. Zheng. “Semiparametric Es-
timation of Consumer Demand Systems with
Micro Data.” American Journal of Agricultural
Economics 92(2010):246-57.

Schmit, T.M., D. Dong, C. Chung, H.M. Kaiser,
and B.W. Gould. “Identifying the Effects of
Generic Advertising on the Household Demand
for Fluid Milk and Cheese: A Two-Step Panel
Data Approach.” Journal of Agricultural and
Resource Economics 27(2002):165-86.

Schmit, T.M., B.W. Gould, D. Dong, H.M. Kaiser,
and C. Chung. “The Impact of Generic Ad-
vertising on U.S. Household Cheese Purchases:
A Censored Autocorrelated Regression Ap-
proach.” Canadian Journal of Agricultural
Economics 51(2003):15-37.

Schmit, T.M., C. Chung, D. Dong, H.M. Kaiser,
and B.W. Gould. “The Effect of Generic Ad-
vertising on the Household Demand for Milk
and Cheese Purchases” American Agricultural
Economics Association, 2000 Annual Meeting,
July 3 —August 2, Tampa, FL.

Schmit, T.M., and H.M. Kaiser. “Forecasting
Fluid Milk and Cheese Demands for the Next
Decade.” Journal of Dairy Science 89(2006):
4924-33.

. “Decomposing the Variation in Generic
Advertising Response over Time.” American
Journal of Agricultural Economics 86(2004):
139-53.

Shonkwiler, J.S., and S.T. Yen. “Two-step Esti-
mation of a Censored System of Equations.”
American Journal of Agricultural Economics
81(1999):972-82.

U.S. Department of Agriculture and U.S. De-
partment of Health and Human Services. Dietary
Guidelines for Americans. Washington, D.C.:
U.S. Department of Agriculture, 2005. Internet

273

site: http://www.healthierus.gov/dietaryguidelines
(Accessed February 5, 2010).

U.S. Department of Agriculture — Economic Re-
search Service. Fluid Milk Sales by Products,
1975 —2009. Internet site: http://www.ers.usda.
gov/Publications/LDP/LDPTables.htm.

U.S. Department of Commerce—Bureau of Eco-
nomic Analysis, National Economic Accounts.
Per Capita Personal Income; Selected Years.
1970, 1980, 1990, 2000, 2010. Internet site:
http://www.bea.gov/national/nipaweb/TableView.
asp?SelectedTable=58&Freq=Qtr&FirstYear=
2008&LastYear=2010 (Accessed May 17, 2010).

U.S. Department of Commerce—U.S. Census
Bureau, Population Division. 2008. Percent of
the Projected Population by Race and Hispanic
Origin for the United States: 2010 to 2050.
Internet site: http://www.census.gov/population/
www/projections/files/nation/summary/np2008-
t6.x1s (Accessed August 14, 2008).

U.S. General Accounting Office. Dairy Industry:
Estimated Economic Impacts of Dairy Compacts,
GAO-01-866. Washington, D.C.: U.S. General
Accounting Office, 2001.

van Soest, A., and P. Kooreman. “Coherency of
the Indirect Translog Demand System with
Binding Nonnegativity Constraints.” Journal of
Econometrics 44(1990):391-400.

Wales, T.J., and A.D. Woodland. “Estimation of
Consumer Demand Systems with Binding Non-
Negativity Constraints.” Journal of Econometrics
21(1983):263-85.

Yen, S.T., and A.M. Jones. “Household Con-
sumption of Cheese: An Inverse Hyperbolic
Sine Double-Hurdle Model with Dependent
Errors.” American Journal of Agricultural Eco-
nomics 79(1997):246-51.

Yen, S.T., and B.-H. Lin. “A Sample Selection
Approach to Censored Demand Systems.”
American Journal of Agricultural Economics
88(2006):742—-49.

Yen, S.T., B. Lin, and D.M. Smallwood. “Quasi
and Simulated Likelihood Approaches to
Censored Demand Systems: Food Consump-
tion by Food Stamp Recipients in the United
States.” American Journal of Agricultural
Economics 85(2003):458-78.



