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Abstract

In this study, we examine retail fluid milk data from Nielsen 2007 Homescan. The objective of
this study is to determine the impact of demographic variables, retail prices and total milk ex-
penditure on flavored and non-flavored milk purchases. A censored AIDS model is used in esti-
mate the demand for fluid milk. Results reveal that demographic variables have statistically sig-
nificant impacts on fluid milk purchases, and own-price elasticities are unity or elastic for almost
all fluid milk categories. All expenditure elasticities are unity or greater except whole milk and
1% milk.
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Introduction

The milk industry faces a complex set of issues as it provides farm milk for the production of
retail dairy products demanded by consumers. Having some assessment of the demographic and
economic effects on milk and dairy product demands will allow both managers of retail outlets
and dairy processors of milk and dairy products to develop more complete marketing and pro-
duction strategies for their businesses.

Fluid milk is a major component of U.S. dairy consumption that has been widely studied by
economists. The focus of this study is beverage fluid milk, not cream-based processed products
such as half-and-half, sour creams, or drinkable yogurt. There is a long record of praise for the
merits of milk and its products — not always derived from dairy cows — throughout the world.
The role played by fluid milk products in promoting health, especially of young children, has
long been emphasized. More recently, dairy products have been promoted as sources of vitamins
and minerals that support bone health. However, not all discussions of milk products emphasize
positive attributes. The dietary intake of fat, saturated fat in particular, in dairy products has been
associated with risks of developing obesity, diabetes, and coronary heart disease (Frazao 1999).
Positive and negative arguments aside, milk products are consumed and/or used as ingredients by
most people on a daily basis.

Milk processors and suppliers in the U.S. have faced challenges over time, a major one being
addressing concerns related to health and the consumption of milk fat. Changing consumption
patterns among fluid milk products may have resulted in shifts in their demand functions, as
shown in existing studies (e.g., Maynard 2000; Maynard and Liu 1999). In addition, existing
studies have focused largely on aggregated fluid milk products, and such aggregation can mask
changes in relative demand across fluid milk products at the retail level.

Figure 1 shows fluid milk sales by selected product categories from 1975 to 2009. The sales are
defined in terms of gallons, the most frequently sold beverage milk container size and a more
traditional way to think of liquid product measurement.

Figure 1. U.S. Total and selected category
beverage milk sales, 1975 to 2009
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Figure 1. Beverage Milk Sales, 1979 — 2005.

© 2012 International Food and Agribusiness Management Association IFAMA). All rights reserved. 26



Davis et al. / International Food and Agribusiness Management Review / Volume 15, Issue 1, 2012

Total fluid milk sales have been relatively stable over the 1975 - 2009 period at approximately
6,300 million gallons. However, whole milk sales declined over the period while sales of re-
duced-fat milks (2%, 1%, and skim) have mostly trended upward. A growing population over the
1975 — 2009 period combined with the relatively flat sales implies that the per capita total fluid
milk demand have fallen. The aggregate trend masks an important point— total sales of reduced-
fat milk products (the sum of 2%, 1% and skim milk) had been trending upward for some time
but essentially leveled off beginning in 1991 then declining in 1996-97 and again leveled off
around 2004. Flavored milk sales have more than doubled over the 25 years with a slight decline
in 20009.

Numerous studies have examined the retail demand for fluid milk (Gould, Cornick, and Cox
1994; Gould and Lin 1994; Schmit et al. 2002; Dong and Kaiser 2005; etc.). However, this study
differs from most fluid milk studies in that it includes demographic information for households
that purchased flavored and non-flavored milk products. The objective of this study is to deter-
mine the impact that changing demographics, retail prices, and total milk expenditures have on
flavored and non-flavored milk purchases.

The level of product disaggregation in this study allows for a more in-depth assessment of fluid
milk demand. Using 2007 Nielsen data, competing products such as flavored and non-flavored
whole, 2%, 1%, and skim milks are included in the analysis. Previous studies did not include all
of these products. Because flavored milk products are a part of consumers’ food basket, omitting
them from the demand analysis may give rise to inaccurate estimations of consumers’ demand
for fluid milk. The factors affecting fluid milk demand are not static; therefore, periodic analysis
of those factors is warranted given new product mixes and changing economic and demographic
relationships. All nine disaggregated fluid milk elasticity estimates are important to the food in-
dustry. They can be used to enhance the ability of dairy industry and retail chain decision-
makers to make more informed decisions about changes in fluid milk purchases.

The rest of the paper is organized as follows: a summary of related studies on the topic is pre-
sented, then a discussion of methods, data, empirical results, and concluding remarks.

Previous Studies of Demand Elasticities for Fluid Milk

Analysis of fluid milk demand has taken many forms and has revealed many factors that influ-
ence that demand. Early studies tended to identify milk as a single aggregate category, but as dif-
ferentiated fluid milk types were produced, more data became available which allowed analysis
of the set of differentiated products. While differences in packaging can be studied, the differ-
ences in demands for milks of varying fat content took—and still hold—center stage. This study
identifies the gaps that exist in the dairy demand literature related to the number of fluid milk
categories analyzed in previous studies, the lack of sufficient demographic information that
measures the influence of non-economic factors, and the censored demand estimators used by
other analysts.

Boehm and Babb (1975) published one of the earlier fluid milk demand studies that estimated
consumer demand for four milk categories—whole milk, 2% milk, buttermilk, and canned milk.
They used two models, the first was based on cross-sectional approach and the second was based
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on time-series approach. The empirical data used for the study was household panel data from
the Market Research Corp. of America which was accessible by the United Dairy Industry Asso-
ciation for the time period April 1972 to April 1973. Using both Model A (cross-sectional data)
and Model B (time-series data) to determine fluid milk demand, their findings showed that esti-
mates from Model B were inelastic and less sensitive to changes in price than the estimates from
Model A. While this study provides baseline elasticity estimates using cross-sectional data on
fluid milk products, it fails to explore the availability of other competing disaggregated fluid
milk products.

Gould, Cox, and Perali (1990) specified an almost ideal demand system (AIDS) model that in-
cluded only two fluid milk products, whole milk and low fat milk. They examined change in flu-
id milk demand using time-series data from 1955 to 1985. Gould, Cox, and Perali (1990) pro-
vided historical estimates of whole and low fat milks that have been widely referenced by other
studies. However, one of the shortcomings of this study is the aggregation of 2% milk, 1% milk,
and skim milk into low fat milk, which overlooks and disregards the information that each dis-
aggregated product provides. Another shortcoming is that the study did not show the impact that
different non-economic factors have on fluid milk purchases.

In 1996, Gould again examined milk demand factors, but this time three categories were consid-
ered—whole milk, 2% milk, and combined 1%/skim milk. Nielsen Homescan data from April
1991 to March 1992 were used for the analysis. Gould’s study was one of the first to provide
elasticity estimates for 1%/skim milk. Similar to his earlier study, 1% milk and skim milk were
combined, losing invaluable information that could have been used to measure consumers re-
sponsiveness to changes in the price and expenditure of 1% milk and skim milk separately.

Maynard and Liu (1999) investigated how demand for fluid milk products has become more
elastic over time and, given the range of models available to derive elasticity estimates, evaluated
the sensitivity of estimates to the type of demand model used. Their study made use of Nielsen
retail scanner data from November 1996 through October 1998, and used three models to esti-
mate own-price elasticities: the double-log, the static linear approximate AIDS (LA/AIDS), and
the National Bureau of Research (NBR) differentiated models. Elasticity ranges across the mod-
els were the widest for the various milk types with the NBR model resulting in the most elastic
estimates. This study does well in providing estimates using some of the most familiar methods
utilized in the economic literature, but falls short in that it only has estimates for two types of
fluid milk products, white milk and flavored milk.

Maynard (2000) and Chouinard, et al. (2010), estimated four fluid milk products, whole, 2%,
1%, skim or non-fat, using an AIDS model. Maynard (2000) study tested the hypothesis that less
volatility of retail milk prices actually benefits consumers, while Chouinard, et al. (2010), deter-
mined how various demographic groups are affected by milk marketing orders. Although both
Maynard (2000) and Chouinard, et al. (2010) examine all four types of white fluid milk products,
their studies omit other fluid milk products such as flavored whole, 2%, 1%, and skim milks.

Akbay and Jones (2006) estimated demand elasticities and price-cost margin ratios for grocery
products in different socioeconomic groups. They analyzed private and national branded items
for lower and higher income stores using an AIDS model along with weekly store level scanner

© 2012 International Food and Agribusiness Management Association IFAMA). All rights reserved. 28



Davis et al. / International Food and Agribusiness Management Review / Volume 15, Issue 1, 2012

data for nine food categories from six supermarket chains in Columbus, Ohio from June 1998
through September 2000. Fluid milk is one of the dairy products analyzed. Their study analyzed
the demand for fresh gallon milk (private), a half gallon milk (private), gallon milk (Sealest), and
Nestle chocolate milk purchased at lower income stores. While the Akbay and Jones (2006)
study does include flavored milk, it provides only the estimate of one flavored milk product, and
it does not disaggregate fluid milk based on the different levels of fat content that are widely
marketed in retail stores.

Another gap that exists in the literature is the lack of studies on non-economic factors that are
closely related to fluid milk purchases. Purchases and/or consumptions of fluid milk products
have been influenced by demographic factors as well. Gould, Cox, and Perali (1990) used data
from 1955 to 1985 and found that children less than five years old, children from five years old
to 13 years old, and the nonwhite population had a significant and positive coefficient for whole
milk. Some of the non-economic or demographic factors that Gould, Cox, and Perali (1990)
failed to include in their analysis were region and income. Regional and household income vari-
ables will help retailers target specific geographical areas and neighborhoods in the United States
where fluid milk demand are highest.

Gould (1996) estimated a three fluid milk product demand system using weekly purchase data
from April 1991 to March 1992. His findings showed that factors such as household composi-
tion, region of residence, ethnicity, income, and education had significant impacts on the demand
for fluid milk. The use of household composition, region of residence, ethnicity, income, and
education are important variables in any fluid milk analysis, but are incomplete in that they do
not specifically account for children and teenagers in the home. Schmit and Kaiser (2004) esti-
mated fluid milk elasticities and showed that income and children less than six years old had sig-
nificant and positive elasticities for fluid milk. Similar to Gould, Cox, and Perali (1990), this
study did not analyze the impact of geographic variables on fluid milk demand.

In addition to the studies mentioned, others have analyzed fluid milk products from different per-
spectives (e.g., Liu and Forker 1988; Gould, Cornick, and Cox 1994; Gould and Lin 1994;
Schmit et al. 2002; Dong and Kaiser 2005). These analyses suggest that empirical estimates of
the demand and expenditure elasticities are dependent on model specification. Like most of the
analyses focusing on fluid milk in the literature, the majority of the studies mentioned used time
series data created by aggregating weekly or monthly data. Such an approach circumvents prob-
lem of zero observations or purchases that are often encountered when using micro-level (house-
hold) data.

Many of the studies that used censored demand estimators have shortcomings. Some censored
demand systems have problems with inconsistent estimates (Wales and Woodland 1983; Lee and
Pitt 1986; Amemiya 1974; Ransom 1987), while other censored demand estimators have prob-
lems with satisfying the adding-up condition (Golan, Perloff, and Shen 2001; Yen and Lin 2006;
Shonkwiler and Yen 1999; Sam and Zheng 2010; Perali and Chavas 2000; Meyerhoefer, Ran-
ney, and Sahn 2005; Heien and Wessells 1990). Dong, Gould, and Kaiser (2004) implemented a
mapping mechanism to achieve adding-up in the Tobit system of Amemiya (1974) that was sug-
gested by Wales and Woodland (1983). This study utilizes the censored AIDS model developed
by Dong, Gould, and Kaiser (2004).
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The present study differs from other fluid milk demand studies in that it estimates the demand for
white milk and flavored milk products using four different levels of fat content, whole, 2%, 1%,
and skim. One other distinct difference is that this study includes several demographic variables
that some fluid milk research studies omit such as the presence of children, teenagers, and elder-
ly in the home, regional and ethnic or race variables, educational attainment, and household in-
come level. And finally, this study satisfies the add-up conditions that other studies using cen-
sored demand analyses do not.

Methods

Because our data are censored, we used a censored demand system to estimate selected variables
to avoid bias estimates. In demand system estimation with microdata, the most prominent
statistical issue confronting analysts is censoring, or observed zero purchases, in the data. Such
censoring has to be accommodated in order to obtain consistent parameter and elasticity
estimates. Two challenges are usually involved in the estimation of a large censored demand
system: imposing theoretical constraints among parameters and the evaluation of high order
probability integrals. Among the various censored demand systems used in demand analyses, the
Dong, Gould, and Kaiser (2004) approach is the one that satisfies the necessary adding-up
condition. In this study, a censored AIDS model developed by Dong, Gould, and Kaiser (2004)
is employed to derive elasticity estimates. The model estimation is an Amemiya-Tobin approach
that imposes adding-up constraints on both latent and observed expenditure shares (Wales and
Woodland, 1983). A simulated probability procedure is used in the model estimation to evaluate
the high order probability integrals.

Following the method used by Dong, Gould, and Kaiser (2004), the AIDS model is defined
based on the latent shares for K commaodities as

(1) Q"= A+ yInP+0InY + ¢

where Q" is a K-vector of latent expenditure shares on milk products, P is a K-vector of milk
product prices, and Y =y /P" is the deflated total expenditures, with y" is total expenditure, and
P is the Translog price index, and ¢ is a K-vector of error terms. Household demographic varia-
bles are incorporated by transforming the intercept in (1). That is, the intercept is defined as
A= a+ B X, where X is an N-vector of demographic characteristics. The parameters are o

(Kx1),B(KxN),0(Kx1)andy (K xK).

Given the budget constraint, the latent shares must sum to one (adding-up). This adding-up con-
dition can be attained through parametric restrictions. Other theoretical constraints such as ho-
mogeneity and symmetry can also be imposed on equation 1. The adding-up restriction implies
that the joint density function of ¢ is singular. Consequently, one of the K latent share equations
must be dropped during estimation. By dropping any equation from the estimation, it is assumed
that the remaining K — 1 share equations’ error terms, € in equation (1), are distributed (K-1)-
dimensioned normal with a joint probability density function.
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As in all censored regression models, estimation of the model requires a mapping between the
observed and latent dependent variable(s). In the present context, the mapping of the vector of
latent shares (Q") to observed shares (Q) must take into account that the observed shares lie be-
tween 0 and 1 and also sum to unity for each observation. The following mapping rule imposes
these two characteristics (Wales and Woodland, 1983)

2 0=0"7a 0, if 0>0
o
=0 if 0£0,i=12..K

where Q is a set of all positive shares’ subscripts. The way equation (2) maps Q" to Q is simple
and has the property that the resulting density function is independent of whatever set of ele-
ments in Q’s is used in its derivation. By assuming that at least one milk product is purchased,
one can write the likelihood function for each household according to its observed purchase pat-
tern (regime). Consistent and efficient model estimates can be obtained by maximizing the sum
of log likelihood function over all households. Since the likelihood function contains high order
probability integrals, the simulated probability procedure is used in model estimation. Details can
be found in Dong, Gould, and Kaiser (2004).

Elasticities are evaluated based on the expected expenditure share values. Expected values of
observed expenditure shares can be obtained by summing the product of each regime’s
probability and the expected conditional share values over all possible regimes. Let Cs represent
a particular purchase regime:

@) C=Q=Q=-=0Q,=0Q,>0,,Q>0).

This is the regime where the first s shares are zero. Given these s zero-valued shares, other
possible purchase patterns can be transformed to this pattern by rearranging the share ordering.
Under this definition, regime Cs is actually the sum of all the purchase patterns with s zero-
valued shares. The expected value of the jth observed expenditure share is

@ EQ)= i acEQIC)

where o is the probability that regime Cs occurs. The expected share value conditional on
purchase regime Cs can be represented as

B) E(Q,1C,) =E[(Q1C,)/ ¥ (0 1C)] if j>s

i=s+1
=0 if j<s.
From (4) the impact of changes in prices, demographic characteristics and total expenditures
on milk demand can be obtained, by evaluating K—1 dimension integrals. Given that there are
2“_1 purchase regimes, one may need to evaluate these integrals a large number of times for a
reasonably sized demand system. In this study, we follow Dong, Gould, and Kaiser (2004) to
simulate the elasticities using the procedure developed by Phaneuf, Kling, and Herriges (2000)
for a censored demand system applied to recreation choices. Thus, assume C replicates of the K
error term vectors € in equation 1. The cth simulated latent share vector,Q_, evaluated at the

sample means of our exogenous variables (indicated by a bar over a variable) is
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(6) Q =a+yInP+0Iny /P +¢,

where & is the cth replicate of €. The cth replicate of the ith observed share then is
M 0.-0./4 0. if 0>
=0 if Q. £0.

The expected observed share vector for C replicates is then calculated as a simple average of
these simulated values:

® EQ=~i Q.

Given a small change in price j, AP;, the elasticity vector with respect to this price change is

© vi=- A 2EQ, BT AR
. E(Q)+ AE(Q)/2

J
where A; is a vector of 0’s with the jth element equal to 1, and AE(Q) is the change in the

simulated E(Q) given the change of price, AP;. To derive elasticities for total expenditure and
demographic variables we used:

a0) o =2EQ 1
J AZ E(Q)+AE(Q)/2’

where AZ denotes the change of total expenditure or demographic variables. Using the Slutsky’s
equation, the compensated elasticities are estimated by regular means.

Data

The data used in the analysis are 2007 household data provided by Nielsen Homescan. Based on
the uniform product code and designated codes for each item, nine categories are considered: (1)
whole milk, (2) 1% milk, (3) 2% milk, (4) skim milk, (5) whole flavored milk (6) 1% flavored
milk, (7) 2% flavored milk, (8) skim flavored milk, and (9) other milk products (see Table 1 for
sample statistics). The first eight categories are clearly fluid-milk beverage products. Other milk
products consist of milk products that are labeled low-sodium, extra-rich, Passover, lactose,
lactose-free, raw, goat milk, buttermilk, etc. There are 63,061 households that purchased at least
one of the nine products in the 2007 data. Each purchase record is matched to a household record
that contains information on the size and composition of the household, income, origin, age,
race, gender, education and occupation of household members and market location. Information
on head of household is provided based on gender, age, occupation, marital status and education.
The head of household is self defined by the person participating in the survey and can be a
single person or two persons, regardless of gender and marital and employment statuses. For an
extensive discussion of the characteristics of the 2007 Nielsen Homescan data, see Zhen et al.
(2009).

Quantities and expenditures are reported for all the nine products. Prices (unit values) are derived
from observed quantities and expenditures after accounting for any coupons or promotions that
might have been in effect. Prices used in this study are unit values. For households that pur-
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chased any of the products, we used the observed expenditures and quantities to calculate the
unit values for each of the nine fluid milk products. For households that did not purchase any of
the products, we estimated the unit values based on household variables. That is, we estimated a
unit value equation for each of the nine products and used the predicted unit values for the miss-
ing prices. This is called first-order missing regressor procedure by Cox and Wohgenant (1986).
In Table 1, there is information about the percentage of the 63,061 households that purchased
each of the nine fluid milk products.

Summary Statistics

Based on the 2007 Nielsen Homescan data, consumers on average purchased more 2% milk and
skim milk than they did any other non-flavored milk products (Table 1). Of the four flavored
milk categories, consumers purchased more 2% flavored milk than they did any other. The
highest average expenditures for non-flavored milk products are 2% milk ($32.85), followed by
skim milk ($22.11). Among the flavored milks, expenditures are highest for 2% flavored milk
($1.05), followed by whole flavored milk ($1.01). The cost of fluid milk per ounce is not
extremely different for whole milk, 1% milk, 2% milk, and skim milk. In contrast, there is more
of a difference in the price of whole flavored milk and the other flavored milks. Table 2 shows
the definitions and sample statistics of demographic variables used in the censored demand
system. The demographic variables include one continuous variable, household size, and several
dummy variables; including presence of children ages less than 6 years old in household,
children ages 6 —12, and teenagers ages 13-17, male head age 65 years and older, females head
age 65 years and older, Whites, Blacks, Asians, and Other race and ethnicity, Central, South,
West, and East regions, female head of households with various levels education attainment
including college degrees, some college training, high school diploma only, and no high school
diploma. In addition, there are seven different household income categories ($19,999 or less,
$20,000-$34,999, $35,000-$49,999, $50,000-$69,999, $70,000-$99,999, $100,000-$149,999,
and $150,000 or more). The variables Blacks, South, household income $20,000-$34,999, and
female head of household with no high school diploma will serve as the base.

Results
Estimated Demand System Demographic, Price, and Expenditure Coefficients

Table 3 shows the coefficient estimates derived from a demand system consisting of nine differ-
ent products and 21 demographic variables, a total of 189 demographic coefficients, nine ex-
penditure coefficients, and 45 price coefficients. The system is estimated by programming the
likelihood function in GAUSS. Of the 189 demographic coefficients, 112 are statistically signifi-
cant at the one percent level, two at the five percent level, and 11 at the 10 percent level. All
own-price coefficients are significant, and 34 of the 45 cross-price coefficients and eight of the
nine expenditure coefficients are statistically significant. The next sub-sections present the price
and expenditure elasticities, demographic elasticities related to the nine fluid milk products and
the concluding remarks.

! The justification for using binary variables for education is to assess the impact educational attainment has on
different types of milk purchases. Typically one would expect low fat milk purchases to be influenced by high
educational attainments.
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Table 1. Sample Statistics of Quantities, Expenditures, and Prices (Sample Size = 63,034)

Variable Mean SD % Purchased
Quantities ® (average gallons per household over 12 mo.)
Whole 4.76 13.64 44
1 % milk 4.84 14.21 42
2 % milk 9.98 19.86 66
Skim 6.90 17.38 40
Whole flavored 0.18 1.40 11
1% flavored milk 0.18 1.66 06
2% flavored milk 0.26 2.08 09
Skim flavored milk 0.20 1.85 06
Other milk 0.11 1.78 03
Expenditures (average dollar spent per household over 12 mo.)
Whole 16.91  45.93
1 % milk 16.19  45.60
2 % milk 3285 6193
Skim 22.11 52.98
Whole flavored 1.01 8.04
1% flavored milk 0.76 6.80
2% flavored milk 1.05 8.31
Skim flavored milk 076 668
Other milk 0.53 7.77

Prices (average price paid per household over 12 mo.)

Whole 3.55 0.009
1 % milk 3.34 0.008
2 % milk 3.29 0.010
Skim 3.20 0.008
Whole flavored 5.61 0.008
1% flavored milk 4.22 0.010
2% flavored milk 4.04 0.007
Skim flavored milk 380 0.006
Other milk 4.81 0.010

®Fluid milk mean quantities were reported in fluid ounces and then converted into gallons. A gallon equals 128 fluid
ounces.

© 2012 International Food and Agribusiness Management Association IFAMA). All rights reserved. 34



Davis et al. / International Food and Agribusiness Management Review / Volume 15, Issue 1, 2012

Table 2. Definitions and Sample Statistics of Explanatory Variables

Variable Definition Mean
Continuous explanatory variables
Household size Number of members present in household 2.44
(1.31) 2
Binary explanatory variables (yes = 1; no = 0) All binary variables are reported sample means.
Young children A child age < 6 present in household 0.09
Older children A child age 6 -12 present in household 0.06
Teenagers Teenagers in household ages 13 - 17 years old 0.13
Elderly Male A Male in household age 65 and older 0.15
Reg:gﬁ”y Female A Female in household age 65 and older 0.17
Central Household resides in the Central region of the U.S. 0.27
South ® Household resides in the Southern region of the U.S. 0.36
West Household resides in the Western region of the U.S. 0.20
East Household resides in the Eastern region of the U.S. 0.17
Educational level
College degree Female head has college education 0.34
Some college Female head has some college education 0.29
High School diploma Female head has a High School diploma 0.24
Less than High School ° Female head has no High School diploma 0.13
Race
White Head of household is Caucasian 0.84
Black " Head of household is African-American 0.09
Asian Head of household is Asian-American 0.02
Other race and ethnicity Head of household is Other American 0.05
Household Income
Income < $19,999 Annual household income < $19,999 0.11
Income $20,000-34,999 ° Annual household income $20,000-34,999 0.20
Income $35,000-49,999 Annual household income $35,000-49,999 0.19
Income $50,000-69,999 Annual household income $50,000-69,999 0.20
Income $70,000-99,999 Annual household income $70,000-99,999 0.18
Income $100,000-149,999 Annual household income $100,000-149,999 0.10
Income > $150,000° Annual household income > $150,000 0.02
2 Standard deviations in parentheses. ° References category.
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There are two sets of demand elasticities derived from the censored demand models. The first is
the uncompensated demand (Marshallian) elasticities. According to economic theory, the un-
compensated demand curve does not allow income to change to account for any changes in price.
The second set of elasticity estimates is called compensated (Hicksian) elasticities. Unlike un-
compensated demand elasticities, the compensated demand elasticities do allow income to
change to “compensate” for the price change. Policymakers may be most interested in knowing
how much additional income support is needed to help a consumer purchase the same or compa-
rable quantities of dairy products after prices increase. The uncompensated results show ex-
penditure elasticities for identifying goods as normal, inferior, or luxury, which would be of in-
terest to researchers. This is also a concern to retail store managers who are responsible for mov-
ing products into and out of their stores. Retail store managers would take an interest in con-
sumers’ responsiveness to changes in prices as well as changes in household expenditures — both
will affect the quantity of products flowing into and out of retail stores.

Uncompensated Demand Elasticities

Estimates of the uncompensated price and expenditure elasticities are presented in Table 4. Con-
sistent with theoretical expectations, all own-price elasticities are negative and statistically sig-
nificant, —1.07 (the smallest) for other milk to —1.39 for 2% milk, —1.40 for 1% milk, —1.48 for
whole milk, —1.94 for skim flavored milk, —2.39 for 1% flavored milk, —2.52 for whole flavored
milk, —3.24 skim milk, and —3.82 for 2% flavored milk. All own-price elasticities for fluid milk
are above unity in absolute value, which imply that a 1-percent change in price will cause an im-
pact greater than 1-percent change in the quantity purchased of fluid milk. These empirical find-
ings suggest that consumers are more sensitive to changes in fluid milk prices today than they
were two or three decades ago.

For most fluid milk demand studies, elastic own-price elasticities may seem counter-intuitive
because analysts typically view fluid milk prices as being inelastic. Boehm and Babb (1975) es-
timated fluid milk demand using two different models. One model used time-series model and
data, while the other used cross-sectional model and data. The cross-sectional study yielded elas-
tic own-price elasticities similar to the present study. Boehm and Babb suggested that their esti-
mates were counter-intuitive. However, more and better substitutes for a product make the de-
mand for that product more elastic. Previous studies disaggregated competing fluid milk into
two, three, or four categories, while this study uses nine categories. As the products become
more and more disaggregated, one would expect to find better substitutes and more elastic de-
mands.

Estimates from this study, particularly the own-price elasticities for whole, 1% milk, 2% milk,
and skim are similar to those reported by Boehm (1975), but larger than those estimated by
Gould (1996). The own-price elasticity for flavored milk is more similar to estimates derived by
Maynard and Liu (1999) and Akbay and Jones (2006). The findings from this study are im-
portant because they suggest to policymakers who are concerned about inducing calcium intake
for specific segments of the population that changes in fluid milk prices will have a larger impact
on quantity demanded.
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As expected, there are many substitution relationships among the milk products, which support
the conventional wisdom of consumers' purchasing behavior. Of the 72 cross-price elasticities,
67 are statistically significant. Forty-two of the uncompensated cross-price elasticities suggest
substitute relationships among the fluid milk products. According to our findings, 1% milk
serves as a gross substitute for all fluid milk products. Whole milk is also a gross substitute for
1% milk, 2% milk, skim milk, whole flavored milk, 2% flavored milk, and skim flavored milk.
Likewise, skim milk is found to be a substitute for all fluid milk products except 2% flavored
milk. The implications of these findings suggest that consumers will substitute one fluid milk
product with another fluid milk product to satisfy changes in taste, health preference, or personal
budget constraint. For example, results from this study suggest that consumers will purchase
skim non-flavored milk if the price of skim flavored milk should increase, and vice versa. Con-
sumers will also respond in a similar fashion if there are increases in the price of whole milk.
Similarly, estimates by Gould (1996) showed that whole milk is a substitute for reduced-fat milk
(2% milk), and skim milk. Retail managers may find these results useful as well as important in
devising marketing strategies to increase fluid milk sales.

There are also statistically significant complementary relationships shown in Table 4. Twenty-
five of the cross-price elasticities are negative and suggest complementary relationships. Just to
highlight a few, whole milk is found to be a gross complement for 1% flavored milk and other
milk products. Also, consumers are likely to purchase more 2% flavored milk given a reduction
in the price of whole milk, 2% milk, skim milk, whole flavored milk, skim flavored milk and
other milk.

Expenditure elasticities derived from the censored demand model are all positive and statistically
significant (Table 4). Seven of the nine fluid milks have expenditure elasticities equal to or
greater than 1. For six of those products, a 1-percent increase in total fluid milk expenditures will
yield more than a 1-percent increase in the purchase of those fluid milk products. The implica-
tions of these findings are that as fluid milk expenditures rise the quantity demanded for six of
the fluid milk products will increase by a percentage greater than the rise in expenditure. In this
study, the expenditure elasticity estimates are similar to those reported by Gould (1996), who
reported expenditure elasticities of 1.01 for whole milk and 2% milk and 0.98 for skim/1% milk.
Policymakers may find these results important as they determine how they can increase supple-
mental payments to recipients of the Women, Infants, and Children program to boost intake of
low fat fluid milk products.

Compensated Price Elasticities

Estimates of the compensated price elasticities are presented in Table 5. Similar to their uncom-
pensated counterparts, all own-price elasticities are negative and statistically significant, imply-
ing an inverse relationship between the prices and quantities demanded of milk products. Also,
both sets of own-price elasticities are elastic and suggest high consumer sensitivity to changes in
fluid milk prices.

Compensated cross-price elasticity estimates display stronger net substitution relationships than
net complementary relationships. Among the 61 statistically significant cross-price elasticity es-
timates, 46 suggest net substitutions and 15 suggest net complementary relationships. Consumers
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respond most strongly to changes in prices for 1% milk as it relates to the demands for 2% fla-
vored milk and skim flavored milk. A 1-percent decrease in the price of 1% milk will yield a
3.46% increase in the purchase of 2% flavored milk and 1.27% increase in the purchase of skim
flavored milk. Also, a 1-percent reduction in the price of 2% milk and 1% flavored milk will
give rise to purchases of skim flavored milk that exceed 1-percent. Like Maynard (2000), this
study found whole milk to be a net substitute for 1% milk, 2% milk, and skim milks, as well as
for the whole flavored milk and other fluid milk products. Cross-price elasticity estimates sug-
gest that other fluid milk is a net complement to 1% milk and whole flavored. Similarly, skim
flavored milk is a net complement to 1% and 2% flavored milks and other milk. Complementary
relationships are found among flavored milks, which imply that consumers purchase both non-
flavored and flavored milks and serve and/or consume them together.

Demographic Influence

Estimated demographic effects are presented in Table 6. A total of 21 demographic variables are
included in the demand system. Several demographic variables have positive impacts on pur-
chases of fluid milk products. Whole milk purchases are positively influenced by children ages
12 and younger, household size, female head of household with high school diploma, households
earning less than $20,000 annually, and those earning $35,000 — $49,999. Gould, Cox, and
Perali (1990) also found children ages 13 and younger to have a positive influence on whole milk
purchases. Retail purchases of 1% milk are influenced positively by Whites and other races and
ethnicities (of the heads of household), children ages 6 to 12, teenagers, males and females age
65 and older, female head of household with a college degree, households with income earnings
of $35,000 and more, and people residing in the Central and Western regions of the United
States. According to our findings, people residing in the Central and Western regions, children
ages 6 to 12, teenagers, size of household, White heads of household, female head of household
with some college experience and those with a high school diploma, and households with earn-
ings less than $20,000 and those earning $35,000 to $69,999 annually positively influence the
purchase of 2% milk. Demographic variables that positively influence purchases of skim milk
include people residing in the Eastern and Central regions of the United States, White and Asian
heads of household, male and female heads of household 65 years and older, females head of
household with college degrees, and households with incomes of $35,000 and more annually.

Flavored milk products are also positively influenced by demographic variables. Of the four fla-
vored milk categories, 1% flavored milk is influenced the most by demographic variables (Table
6). Purchases of 1% flavored milk are influenced positively by people residing in the Eastern,
Central and Western regions of the United States, children ages 6 to 12, teenagers, size of house-
hold, White and of other race and ethnicity heads of household, and households with income
earnings of $35,000 to $49,999 and $70,000 or more annually.

As displayed in Table 6, demographic variables have statistically significant impacts on fluid
milk purchases. The demographic variables that have the broadest influence across most fluid
milk categories are the Central region of the United States, children ages 6 to 12, teenagers, and
household size. One reason the Central region has a positive effect on fluid milk purchases is
that, on average, the Central region is an important dairy region that ranks in the top ten states in
number of dairy animals and operations and raw milk production. What this finding suggests is
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that people in the Central region purchase more fluid milk products than people residing in the
Southern region, which is the reference. Gould (1996) also found region of residence to have a
positive influence on fluid milk purchases. This finding is important to retailers and dairy manu-
factures because it informs them where milk is most desired and where they can possibly in-
crease sales.

It is no surprise that children ages 6 to 12 and teenagers influence the purchase of fluid milk
products. For most American children and teenagers, milk is an essential food product in their
diet. Reduced-fat fluid milk products are encouraged by the USDA food pyramid and the 3-
Every-Day program as a source of vitamin D needed to help support strong bones and healthy
diets. Gould, Cox, and Perali (1990) found that children less than 5 years old, children from 5
years old to 13 years old had a positive influence on whole milk, but a negative effect on low fat
milk. Similarly, Schmit and Kaiser (2004) showed that children less than 6 years old had a posi-
tive impact fluid milk purchases. This finding is important and it conveys to retailers and dairy
manufactures that their marketing strategies and commercials that emphasize the benefits of
drinking milk are effective.

Household size is also expected to positively influence fluid milk purchases. Large households
have more people, particularly more children present in the home. The more children present in
the home the greater the demand for fluid milk. Most of previous studies have used the age of
children present in the home as a proxy for household size. Household size is an important find-
ing because it gives retailers and dairy manufactures a clear indication of whether there are
households with no children that also impact fluid milk purchases.

Household income is also an important factor in determining the demand for fluid milk. In table
6, each of the seven-income categories shows some statistical significance for one or more fluid
milk product. Households that earned $35,000 or more annually have a positive influence on the
purchase of 1% milk, while households that earned $50,000 or more annually have a positive
influence on the purchase of skim milk. Results also suggest that households whose total income
is $70,000 or more annually have a positive impact on purchases of 1% flavored milk. Like this
study, Schmit and Kaiser (2004) showed that household income had a positive influence on fluid
milk purchases. This finding is important in that it gives retailers some insight on the type of flu-
id milk they should supply based on the average household income of the neighborhoods.

Closing Remarks

Many studies have reported estimates of demand elasticities for fluid milk products, but they
have generally identified only a few product categories. In this study, the retail purchases of nine
different fluid milk products: whole milk, 1% milk, 2% milk, skim milk, whole flavored milk,
1% flavored milk, 2% flavored milk, skim flavored milk, and a category of all other fluid milk
products, are analyzed. The Nielsen Homescan data used for the analysis included many zero
purchases, which present a complicated statistical problem in estimating the demand system. A
censored demand system procedure is used to address this issue and to obtain statistically con-
sistent estimates for demand parameters and elasticities.
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Both uncompensated and compensated demand elasticity estimates are derived. Demographic
variables are statistically significant and are found to affect demands for the nine fluid milk
products. Findings also suggest notable differences between empirical estimates from the com-
pensated and uncompensated demand specifications for the skim milk own-price elasticity. Our
own-price elasticity estimates for whole milk and 2% milk are similar to those reported by
Boehm and Babb (1975), but larger than those reported by Gould (1996). Uncompensated elas-
ticity estimates suggest a mixture of both gross substitutions and complements, while the com-
pensated elasticity estimates suggest that net substitutions are the more obvious pattern among
the milk products.

Why do cross-price elasticities matter? If these estimates just remain on the pages of this article,
they do not matter at all. Retail store managers would care about cross-price elasticities because
changes in the price of one product may have implications for the demands, or quantities of the
other products they are selling. If the retailer store managers under estimate supplies they need
to move through their dairy cases, it will cost them extra to procure needed supplies. If they over
estimate, then they will have to return unsold products to their suppliers, which would result in
lost revenues. Policymakers would also have an interest in these cross-price elasticities. The
substitutability of the differentiated fluid milk products allows a low fat fluid milk product to be
exchanged for a fluid milk product that has a relatively higher fat content. Researchers or mod-
elers will use these cross-price elasticities to analyze policy changes for the policymaker or fore-
cast future market demands and conditions.

A disaggregated list of fluid milk price and expenditure elasticities can help retailers, dairy in-
dustry analysts, and policymakers understand how consumer purchases of individual product
might change if product prices are contemplated. It assists them by providing a multiple product
analysis, which allows one to examine the correlation or relationship between different products.
For example, the disaggregated fluid milk elasticities from this study can inform retailers and
dairy producers how consumers will likely respond if there is a change in the own-price of any
one or more of the fluid milk products. If there is a 1-percent increase in the price of whole milk
(for example), retail and dairy managers can expect the purchase quantity to decline by 1.48%
(based on the uncompensated results) and the demand for 1% milk, 2% milk, skim milk, whole
flavored milk, 2% flavored milk, and skim flavored milk to increase by 0.20%, 0.05%, 0.64%,
0.50%, 0.30%, and 0.33%, respectively.

The demand elasticities for the milk products are derived from the comparisons among prices
and quantities purchased of the identified fluid milk products. Whole milk may be more elastic
relative to the others since there are now several perceived substitutes to it that deliver the attrib-
utes consumers’ desires. The own-price elasticities for whole milk have changed overtime. For
a business selling all the products—decisions to raise or lower the prices of not just the elastic
product but all the substitutes may be made with more of an eye toward how sales in total would
be affected and thus the overall revenues to the seller. Raising the price of an elastic product is
likely to have a greater effect on total milk sales than would a change in a less elastic product
(since quantities of the less elastic would not change as much). Milk is desirable for most chil-
dren and the elderly population because it provides calcium, a nutrient essential to proper health
and development. However, whole milk and products made with whole milk have declined
overtime partly due to the support of healthy diets and the push for low fat dairy products
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through programs like Women, Infants, and Children (WIC) and “3-Every-Day”. A left shift in
the demand curve for whole milk will cause both price and demand to fall, assuming all other
things remain constant.

Assuming increases in consumers’ food expenditures transfer into greater fluid milk expendi-
tures, and given the estimated expenditure elasticities, it is expected that total fluid milk purchas-
es also will rise. In particular, dairy producers and retailers may use these expenditure elasticities
to estimate the impact increases or decreases in household expenditures may have on milk sales
and dairy firm viability. A l-percent increase in consumers’ total milk expenditures will in-
crease the purchase of 2% milk, skim milk, whole flavored milk, 1% flavored milk, 2% flavored
milk, and skim flavored milk by more than 1-percent. All the expenditure elasticities suggest a
positive effect on income in milk purchases. This study’s expenditure elasticities for whole milk,
2% milk and 1% milk are similar to those reported in the literature (e.g., Gould, 1996).

Agricultural (dairy) product processors, manufacturers, and marketers or food retailers may use
demographic information from studies to boost sales through advertisement of specific fluid milk
products. For example, retail and dairy managers can use findings about the positive influence of
factors such as children in the home, household size, female head of household with high school
diploma, households earning less than $20,000 annually, and those earning $35,000 — $49,999 to
help increase total sales of whole milk. It may be useful for retail and dairy managers to know
that most fluid milk sales are positively influenced by teenagers, children ages 6 to 12, people
residing in the Central region of the United States and large households. An increase in the Cen-
tral region population will increase the demand for fluid milk. Over the next year, if there is an
increase in household size, number of teenagers, or children ages 6 to 12 in America, we can ex-
pect the demand for fluid milk to increase also.

Selected household income categories have also had a positive influence on fluid milk consump-
tion, particularly skim milk and 1% flavored and non-flavored milks. This information can be
used by retail and dairy managers to increase sales through specific advertisements that target
selected demographic group identified in this study. For example, the industry program “3-
Every-Day”, which is designed to encourage people to drink more low-fat milk, in addition to
consuming more low-fat cheese and yogurt, developed several marketing programs directed to-
ward children (National Dairy Council, 2011).

It has been suggested (Carman and Sexton, 2005) that fluid milk markets are vertically integrated
from processors to retailers when the perspective is product costs but that at the retail level, esti-
mates of demand relationships for fluid milk products are derived from a horizontally differenti-
ated market. The information provided in this study can be useful to managers of both retail and
dairy processing operations, but in different ways.

For the retailer, both demographic and economic information for specific locations is readily
available from census and other sources. By analyzing this information to derive demand rela-
tionships such as price and demographic elasticities, retail managers can design specific pricing
and promotional programs based on the demographic of the specific geographic locations of their
stores. Since fluid milk generally has a short shelf-life product, the information provided in this
study will also help retailers manage the dairy cases in their stores given the demographics of
that store location.
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The processors providing fluid milk products to determine retail customers can use information
on how demand for those products relates to price or demographic factor changes to how much
of each product might be made available. Milk is made up of fat, protein, and other solids in
fixed proportions. As processors produce alternative final products, changing demands may
force processors to find alternative markets for milk components. For example, if demand for
lower fat fluid products grows, processors must find a use for the surplus fat in raw milk. This
balancing of milk components may result in a fluid milk processor expanding his plant to include
products such as ice cream, other cream products, and/or butter production.
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