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The Demand for Fluid Milk
Products in the U.S.: A Demand
Systems Approach

Brian W. Gould, Thomas L. Cox, and Federico Perali

The demand for fluid milk products has changed dramatically in recent years not only
in terms of lower levels consumed but also in terms of the composition of the
products consumed. A time-series based demand system analysis of the market for
lowfat and whole milk products is developed incorporating the effects of changes in
prices and demographic characteristics. From the estimated model, the impacts of
future changes in the demographic profile of the U.S. population on fluid milk
demand are analyzed.

Key words: fluid milk demand, demand systems, demographic scaling.

The per capita consumption of fluid milk
products has declined steadily over the last
three decades from 291 pounds in 1966 to less
than 236 pounds in 1987, a 19% decline. Coin-
cident with this decline in overall fluid milk
demand, there has occurred a change in de-
mand away from whole milk beverage prod-
ucts towards reduced-fat milks such as lowfat
and skim milk. Since 1966, lowfat milk con-
sumption per capita increased from less than
34 pounds to more than 113 pounds in 1987
while the consumption of whole milk declined
from 251 pounds to 110 pounds.'

Because of the change in fluid milk demand
away from whole milk products, on a whole-
milk-equivalent basis, the decline in milk con-
sumption has been greater than the decline
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'The generic term "lowfat milk" is used here to include but-
termilk, lowfat flavored drinks, skim milk, and lowfat milk. For
a more detailed discussion of the trends in per capita consumption
of fluid milk products, refer to Haidacher, Blaylock, and Myers.

when measured on a product weight basis. Us-
ing per capita sales data, between 1954 and
1987 whole-milk-equivalent sales decreased
by 36% while total product weight fluid milk
sales decreased by 17%. From 1954 to 1965
whole milk accounted for more than 84% of
whole-milk-equivalent sales while lowfat milk
represented less than 3%.2 By 1987, the con-
sumption of lowfat milk had increased to the
point where 27% of total fluid milk sales on a
whole-milk-equivalent basis originated from
the sale of lowfat milk, and only 55% of total
sales originated from whole milk.

This trend of increased sales of lowfat milk
products has not been limited to fluid beverage
milk products. Over the last decade there have
been increases in the consumption of lowfat
cottage cheese, frozen desserts, and increased
interest in reduced-fat cheeses. For example,
in 1987 lowfat yogurt accounted for 73% of
total U.S. yogurt production, compared with
10% for nonfat yogurt and 13% for fullfat.
Three years earlier, lowfat yogurt accounted
for 66%, nonfat 4%, and fullfat 30% of total
production (Rogers).

The changing composition of dairy products
to lowfat varieties has important policy im-
plications both at the farm level as well as for

2 The term "lowfat milk" in the context of the sales data includes
lowfat and skim milk products only. Sales data were used in place
of disappearance data because of detailed product differentiation.
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the manufactured dairy product industries. For
example, if the current milk pricing system
were changed to one of multiple component
pricing based on milkfat, protein, and/or sol-
ids-not-fat components, the value of milkfat
might decline due to the increase in the de-
mand for lowfat products. This decline in de-
mand for milkfat might have the effect of in-
creasing the supply of milkfat for use in other
government-supported products such as but-
ter. Currently there exist large surpluses of
milkfat (Cheese Reporter, p. 1). Should the in-
creased consumption of lowfat milk continue,
such surpluses may increase and could have
important ramifications in terms of the level
of government subsidy payments required to
maintain the price of milk and milk-based
products. For example, recent increases in the
federal dairy price supports stipulated an in-
crease in the Commodity Credit Corporation
(CCC) purchase price for nonfat dry milk while
keeping the CCC purchase price of butter un-
changed (Dairy Market News, p. 13).

The question remains as to the factors con-
tributing to the increased consumption of low-
fat milk and the impacts of continued change
in these factors on the level of total milk de-
mand, the demand for lowfat versus whole
milk, and the intake of calcium, fat, and other
nutrients. As noted by Raunikar and Huang;
Heien and Wessells; and Haidacher, Blaylock,
and Myers, changes in the types of milk prod-
ucts consumed have come about from a va-
riety of sources including relative prices, in-
comes, and the demographic profile of the U.S.
population.

The objective of the present study is to ex-
amine the impacts of changes in the demo-
graphic structure of the U.S. on the demand
for fluid milk products, specifically the de-
mand for whole versus lowfat milk. We first
examine how such changes have affected milk
demand over the last 30 years. We then use
projections of future demographic changes to
estimate how the demand for fluid milk prod-
ucts could change in the future both on a per
capita basis and in terms of the overall market
for fluid milk products. In order to achieve
these objectives, we develop a demand model
that specifically incorporates price and de-
mographic variables. Unlike the cross-section-
al studies of milk demand conducted by Huang
and Raunikar; Blaylock and Smallwood; and
Heien and Wessells, time-series data covering
the period 1955-85 are used. An advantage of

the use of time-series data is the inclusion of
food-away-from-home (FAFH) consumption;
in contrast, the cross-sectionally based analy-
ses consider only food-at-home (FAH) con-
sumption. Problems associated with the use of
time-series data include collinearity among the
independent variables and substantially fewer
degrees of freedom.

Description of the Theoretical Model

In this study we assume that the consumer
demand for milk and other food is the result
of a two-stage budgeting process. First, the
consumer determines the amount to spend on
food. Then the consumer allocates this food
budget among various food commodities.
Given the econometric evidence provided by
Heien and Wessells that first-stage food prices
have little effect on second-stage food demand,
we limit our analysis to the second stage. Be-
cause the focus of this study is on the demand
for fluid milk products, we delineate four types
of beverages and an aggregate "other food"
category in the demand system.

The Almost Ideal Demand System (AIDS)
model originally formulated by Deaton and
Muellbauer is used in this analysis. This model
is used due to the lack of a priori restrictions
on the types of substitution characteristics that
can exist among commodities and the exact
aggregation properties of this functional form
(Heien and Willett; Deaton and Muellbauer).
The AIDS demand model can be obtained from
the following expenditure function:

In M(U, P) = ao + akln Pk
k

(1) + V/2 S 6 kilnpkln pj
k j

+ U*p0o I pk,
k

where M is the minimum level of expenditure
that is necessary to achieve utility level U*
given the vector of prices P which is composed
of n individual commodity prices (pk, k = 1,
... , n). If we let wi represent the share of total
expenditure associated with the ith commod-
ity, the demand equations can be derived from
equation (1) via Shephard's lemma and in bud-
get share form appear as:

(2) wi = ai + buln pj + #,ln(M/P)

(i= 1,...,n),

2 July 1990
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where: (10) i = fn S'r ,
r

(3)
In P' = a0 + 2 akin Pk

k

+ 1/2 ~ 2; kJln pkln pi.
k j

The adding-up restrictions implied by eco-
nomic theory can be represented by the fol-
lowing:

(4) a,= 1; 6ij = O
i i

(/= 1, ... , n); and , = 0.

In addition, for the demand functions to be
homogeneous of degree zero in prices and in-
come, it is necessary that:

(5) bij = 0 (i = 1,..., n).

Symmetry is satisfied if:

(6) bi, = Bi for all i,j (i = j).

One of the traditional methods for incor-
porating demographic variables into demand
systems is with equivalence scales. As noted
by Lewbel, the problem with these variables
is that they result in a very limited type of
demographic effect where changes in demo-
graphic characteristics are virtually equivalent
to changes in prices (p. 1). This restriction has
been overcome through the use of demograph-
ic translating, scaling, and Gorman proce-
dures. In this study, we use demographic scal-
ing to overcome the shortcomings of
demographic translating. Under translating,
only the "subsistence" or "necessary" param-
eters of the demand system depend on de-
mographic variables (Pollak and Wales 1981).
If the original demand system can be repre-
sented by:

where ,ir is the estimated coefficient associated
with the rth demographic variable in the ith
scaling function.

Incorporating this scaling function into the
AIDS share equations, equation (2) is refor-
mulated to:

(2') wi = ai + ,ln pj* + fl1n(M/P*)

(i= 1,..., n),

where

(3')
In P* = ao + akln p*

k

+ 1/2 j 2 kjln pk*ln p*.
k j

With the incorporation of the scaling func-
tions, the traditional homogeneity and adding-
up conditions hold. In addition, equation (2')
must be homogeneous of degree zero in the
original prices. This requires that equation (2')
must be homogeneous of degree zero with re-
spect to the demographic variables. That is:

(11)

This normalization allows the identification of
all the demographic parameters and guaran-
tees that:

(12) 2 ln(0,) = 0.
i

Equation (2') is nonlinear in the parameters.
Similar to previous studies that have incor-
porated demographic variables in demand sys-
tems, it is assumed that Stone's index provides
an acceptable linear approximation to In P*
(Capps, Tedford, and Havlicek; Heien and
Wessells; Deaton and Muellbauer). That is:

(7) Di = D,(P, M), (13)

demographic scaling replaces the original de-
mand system by:

(8) Di = iDi*(P11, , P22, . . ., Pnn, M)
= i),LD*(p1*, Pt,..., P, M),

where p,* are scaled prices (i.e., p4i) and the
0s are scaling parameters which are functions
of the demographic variables, s, .. , sd:

(9) (P =~ (Pi(sl, . .. , d)

In the present study and similar to the speci-
fication used by Ray and by Barnes and Gil-
lingham, the scaling function adopted is:

In P* 2 wkln Pk.
k

In order to avoid simultaneity problems, we
adopt the Eales and Unnevehr approach where
lagged share values (wk, _) are used in equation
(13).

A characteristic of the AIDS model is that
both expenditure and price elasticities will
change over time as the share of each com-
modity changes. Differentiating equation (2'),
the expenditure (NA), uncompensated price
elasticities (ri), and compensated price elas-
ticities (r*) are calculated via the following:

Gould, Cox, and Perali
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(15) r, = ((6i - iwj,_,)/wi) - Ki, and

(16) r* = (( -i ,wjt-)/w,) - K,- + wj[l + fi/w,],

where Kj is the Kronecker delta equal to one
if i = j, zero otherwise.

Pollak and Wales (1980) show that the elas-
ticity of the demand for the ith good with re-
spect to the rth demographic characteristic (Eir)
is a function of the uncompensated own- and
cross-price elasticities (ri) and the elasticity of
the ith good's scaling function with respect to
the rth demographic characteristic, Qir:

(17) Eir = Qir + Zrijjr

Because the scaling functions vary across
commodity type, the scaling functions can be
interpreted to represent the number of com-
modity-specific "adult equivalents." We refer
to these measures as "profile equivalents" in
the present context as the demographic char-
acteristics contained in the scaling functions
contain more than just the number of children
as in Pollak and Wales (1980) (e.g., number of
adults older than 65, median number of years
of schooling completed, percentage of the pop-
ulation that is nonwhite, etc.). Following Pol-
lak and Wales (1981) and given equation (8),
we can interpret preferences as depending not
on the number of gallons of milk consumed
but on the number of gallons per milk-equiv-
alent profile, i.e., gallons/qi. The relevant price
affecting consumption is not the price per gal-
lon but the price per gallon per profile equiv-
alent, i.e., pLi.

Description of the Data and
Estimation Procedures

Previous models of the demand for lowfat ver-
sus whole milk products have been developed
using cross-sectional data. In this study we
analyze the changes in demand using time-
series data from 1955-85. Five commodities
are delineated within the model: whole milk,
lowfat milk, fruit juices, other nonalcoholic
beverages, and other food.3 In order to esti-
mate the theoretical model, data are needed
on the per capita quantities consumed and

3 In the estimated model, the lowfat milk categories include
lowfat milk and skim milk. The "other beverages" category is
composed of coffee, tea, and nonalcoholic carbonated beverages.

prices for each of these commodities. The de-
mographic variables included in the demand
model are: the proportion of the population
less than five-years old (POP5); the proportion
of the population between the ages of five and
13 years of age (POP513); the proportion of
the population above the age of 65 (POP65);
the proportion of the population that is non-
white (NONWHITE); and the median number
of years of schooling completed for those over
25 years of age (SCHOOL).4

The quantity data on whole and lowfat milk
consumption were measured by per capita sales
data obtained from Manchester, from Bunch
and Simon, and from Dairy Field. Retail prices
for whole milk, skim milk, and lowfat milk
were obtained from published U.S. Bureau of
Labor Statistics sources. Because a retail price
series for lowfat milk was not available prior
to 1980, an OLS regression between monthly
retail skim milk and lowfat milk prices over
the 1980-87 period was estimated.5 Using the
skim milk price series and the estimated
regression, a lowfat milk price series was ob-
tained.

Per capita juice and other beverage quan-
tities consumed were estimated from various
issues of U.S. Department of Agriculture
(USDA) Food Consumption, Prices, and Ex-
penditures (USDA 1968-85). Price series for
the juice and other beverage commodities were
estimated from the consumer price indexes for
juice and nonalcoholic beverages, respectively,
and calculated prices for these two commodity
groupings were obtained from the 1965 USDA
Household Food Consumption Survey (USDA
1968). Given the estimated prices and con-
sumption levels for the four beverage com-

4 Three age categories are used because of the unique nutritional
requirements of the very old versus the very young segments of
the population. We limited the number of age categories to three
because of problems with degrees of freedom and collinearity. In
earlier versions of the model, alternative age category groupings
were used but resulted in statistically insignificant results.

5 The final estimated equation used (with the coefficient standard
error in parentheses) was:

LOWFATPR = 1.0754 SKIMPR
(.0033)

Std. Error of Est. = .027

Mean of LOWFATPR = 1.061

where LOWFATPR and SKIMPR are the monthly half-gallon
prices of lowfat and skim milk, respectively. Earlier analyses al-
lowed for an intercept term in the above equation but when used
to estimate the price of lowfat milk out of the sample period,
unrealistically high estimates were obtained and thus the intercept
was omitted from the final regression.

4 July 1990
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modities, expenditures for "other food" were
obtained by subtracting these expenditures
from total food expenditures. The consumer
price index for food was used as a proxy for
the retail price of other food. Means of the
independent variables and the associated cor-
relation coefficients are presented in the ap-
pendix.

Because of the adding-up constraint, only
four equations are independent. The other food
equation is dropped from the estimation pro-
cess. The parameters for this equation are es-
timated using the restrictions given in equa-
tions (4), (5), and (11). In order to estimate the
parameters of the share equations that are in-
variant to the omitted share equation, the
modified seemingly unrelated regression pro-
cedure suggested by Chavas and Segerson is
used. With the use of demographic scaling, the
estimated model is nonlinear in the parameters
and thus is estimated using the SYSNLIN pro-
gram within SAS. Demographic and price elas-
ticities are calculated from the estimated coef-
ficients and the predicted share values. For the
demographic elasticities, approximate stan-
dard errors are computed via the 6-method
described in Rao.

Empirical Model of Fluid Milk Demand

Table 1 presents the estimated coefficients for
the demand system. All of the own-price coef-
ficients are statistically significant at the 5%
level. Seven of the 10 cross-price coefficients
are also significant. The expenditure coeffi-
cients are significant at the 5% level except in
the juice equation. From these coefficients
compensated price elasticities are calculated
(table 2). Fifteen of the 25 price elasticities are
significant at the 5% level when evaluated at
mean levels of the independent variables. All
own-price elasticities are statistically signifi-
cant at the 5% level.

Huang estimates that the uncompensated
own-price elasticity for fluid milk products was
-. 259 based on a time-series demand systems
model. Using this value and the relationship
between compensated and uncompensated
elasticities noted in Johnson, Hassan, and
Green, the compensated elasticity from Huang
is estimated to be -. 351. In this study, the
compensated own-price elasticities are -. 324
and -. 437 for whole and lowfat milk, respec-

tively. In terms of the own-price elasticity of
fruit juices, the present study finds a lower
compensated elasticity value, -. 327 versus
-. 490.

The cross-price elasticities between lowfat
and whole milk show that they are substitute
products, although the cross-price elasticities
are not statistically significant. The cross-price
elasticities between "other food" and whole
milk, juices, and other beverages are statisti-
cally significant and indicate a substitution re-
lationship. Similarly, the cross-price elastici-
ties of juices and other beverages reflect a
statistically significant substitution relation-
ship.

Twenty-five demographic coefficients are
estimated in the model. In table 1 we see that
11 of these coefficients are statistically signif-
icant. Five of these significant coefficients ap-
pear in the whole milk equation, and three are
in the lowfat milk equation. None of the de-
mographic coefficients are significant in the
other food equation. The corresponding elas-
ticities (see table 2) for the age structure vari-
ables indicate a major difference between the
effects of these variables on whole versus low-
fat milk demand.

The estimated relationship between age and
the consumption of whole versus lowfat milk
is different from previous cross-sectional anal-
yses. Although not directly comparable to the
present study, Haines, Guilkey, and Popkin in
their cross-sectional analysis of women be-
tween the ages of 19-50 years show some sim-
ilarity between age and the consumption of
both types of milk. They found statistically
significant negative relationships for those
consumers who had positive levels of con-
sumption. In contrast, in their tobit and probit
analyses, the authors found significant nega-
tive relationships only in terms of the con-
sumption of whole milk.

Huang and Raunikar using cross-sectional
data in a tobit analysis of the consumption of
lowfat and whole milk in the U.S. and for the
South found differences between family life
cycle and the consumption of these two types
of milk. Raunikar and Huang in their analysis
of the consumption of whole versus lowfat milk
in the Northeast conducted a likelihood-ratio
test of the null hypothesis that household ex-
penditures for whole milk and lowfat milk were
not related to family life-cycle stages. The re-
sults obtained by the authors suggested that
the null hypothesis could be rejected for whole

Gould, Cox, and Perali
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Table 1. Estimated Coefficients of the AIDS Model

Independent Variables

Price

Dependent Other
Variable Whole Milk Lowfat Milk Juices Beverages Other Food Expenditures

Whole Milk .03165 -. 00244 -. 00229 .00139 -. 02831 -. 01731
(.0042) (.0019) (.0013) (.0014) (.0057) (.0065)

Lowfat Milk -. 00244 .00613 .00105 -. 00246 -. 00228 -. 01042
(.0019) (.0021) (.0006) (.0007) (.0032) (.0033)

Juices -. 00229 .00105 .01459 -. 00329 -. 01006 -. 01034
(.0013) (.0006) (.0023) (.0019) (.0037) (.0108)

Other Beverages .00139 -. 00246 -. 00329 .06541 -. 06105 -. 04637
(.0014) (.0007) (.0019) (.0035) (.0045) (.0157)

Other Food -. 02831 -.00228 -.01006 -. 06105 .10170 .08444
(.0057) (.0032) (.0037) (.0045) (.0232) (.0214)

Note: Asymptotic standard errors are presented in parentheses. POP5 is a variable representing the proportion of the population less
than five-years old, POP513 is a variable representing the proportion between the ages of five and 13, and POP65 is a variable
representing the proportion above the age of 65. The variable NONWHITE represents the proportion of the population that is nonwhite.
The median number of years of schooling completed for those over 25 years of age is represented by the variable SCHOOL.

milk but not lowfat milk (Raunikar and Huang,
p. 57).6

In terms of the net effects of changes in the
education level on demand, the results are con-
sistent with previous cross-sectional analysis
of the demand for whole milk products with
whole milk demand being negatively affected
by increased education levels. The differences
observed between the lowfat and whole milk
demand with respect to education levels may
reflect the increased access to nutritional in-
formation and diet-conscious behavior asso-
ciated with higher education levels (Huang and
Raunikar, p. 30).

Previous analyses of the relationship be-
tween ethnicity and the consumption of milk
products have not been consistent. In a tobit
analysis conducted using the 24-hour individ-
ual food intake component of the 1977 USDA
Household Food Consumption Survey, Haines,
Guilkey, and Popkin found that Hispanic,
black, and other nonwhite women tend to con-
sume less lowfat milk than white women. The
same was found for the consumption of whole
milk products except for Hispanic women. A
similar tobit analysis conducted by Haines,
Guilkey, and Popkin using the 1985 USDA

6 We examined the impact of including a time-trend variable in
the share equations on the sign and significance of the demographic
variables. Inclusion of the time trend did not change the sign nor
significance of any of the demographic variables that were signif-
icant in the original system nor did it change the significance level
of those demographic variables that were not significant. The mag-
nitudes of the coefficients were not affected appreciably.

Continuing Survey of Food Intake by Individ-
uals found insignificant ethnic coefficients for
whole milk products. Huang and Raunikar us-
ing the 1977 USDA Household Food Con-
sumption Survey found significant positive
coefficients on a white household dummy vari-
able in terms of lowfat milk but insignificant
negative coefficients in the analysis of the de-
mand for whole milk products. Table 1 shows
that a significant and positive coefficient for
NONWHITE was obtained in the whole milk
equation while a negative but insignificant
coefficient was obtained in the lowfat milk
equation. The differences between the results
obtained here and those in previous cross-sec-
tional studies may be due to the fact that the
variable NONWHITE encompasses Hispan-
ics and blacks as well as other minorities.

The Impacts of Projected Changes in
Demographic Characteristics on
Fluid Milk Demand

With the above elasticity estimates, we can
examine the implications of future changes in
the characteristics of the U.S. population for
fluid milk demand. Following Theil; and Heien
and Wessells, the predicted quantities of lowfat
and whole milk consumption can be calculated
as:

(18)
In qp = 2 r 1in Pt

+ ~ Eoln rt + Niln Mt,
r

6 July 1990



Demand for Fluid Milk Products 7

Table 1. Continued

Independent Variables

Demographic Variables

POP5 POP513 POP65 NONWHITE SCHOOL Intercept RMSE R2 D.W.

2.1520 1.2029 -2.1120 .79078 -1.3838 .11042 .0007 .999 2.366
(.6286) (.3905) (.6571) (.3788) (.5196) (.0494)

-2.9113 -1.6647 2.1093 -.23338 3.3338 .08468 .0003 .997 2.300
(1.549) (.7712) (1.426) (.7236) (1.075) (.0275)
-.42329 .10358 .44557 -. 46422 -2.3639 .21623 .0011 .806 1.943
(.6522) (.4769) (.9626) (.8004) (.8711) (.0804)
.65438 -. 07230 -. 09482 .05419 .75088 .20386 .0017 .990 1.614

(.2630) (.1873) (.3816) (.3003) (.3378) (.1126)
.52821 1.08117 -.34805 -.14737 -.33698 .38481

(2.545) (1.410) (2.638) (1.655) (2.124) (.1602)

where qt is the predicted level of the ith com-
modity in the tth period. Using this equation,
the annual compound rate of growth between
two periods can be estimated as:

Ri = 1/T7 rj(ln Pj, - In Pj, T)
Lj

(19) + 2 Er(ln srt - In Sr,,T)

+ N(ln M, - In Mt-r),

where R, is the annual compound rate of growth
for the ith commodity between two periods T
years apart. In the present analysis we are con-
cerned only with the future impacts of changes
in the demographic variables. As such, in
equation (19) the changes in prices and income
are assumed to be zero. Projections for changes
in the variables POP5, POP513, POP65, and
NONWHITE over the 1990-2010 period were
obtained from Spencer. Projections for changes
in the median number of years of school com-
pleted were obtained from the following
regression equation estimated using a GLS es-
timator to correct for autocorrelation over the
1950-85 period (with coefficient standard
errors in parentheses):

ln(SCHOOL) =

2.2311 + .0819 ln(TIME) + .8617 e,_,
(.0228) (.0079) (.0857)

D.W. = 2.189
R2 = .952

where TIME was set equal to one for 1950.
Table 3 presents the decomposition analysis

for whole and lowfat milk for the years 1985-
2010. 7 For example, over the 1985-2010 pe-
riod, the annual rate of change in the per capita
demand for whole milk demand resulting from
changes in the proportion of the population
less than five years of age is projected to be
-. 81% per year. This is the product of the
elasticity of whole milk demand with respect
to POP5 (.90%) and the annual rate of change
of this variable (-.91%). The "ALL AGE"
column in this table shows the total impact of
changes in the age structure of the population
on fluid milk demand, while the last column
shows the annual rate of change in milk de-
mand resulting from projected changes in the
five demographic characteristics.

Over the 25-year period, changes in the age
structure are projected to cause an average an-
nual decline in whole milk consumption of
1.66%. This trend is projected to increase over
time from an annual rate of -1.32% over the
1985-90 period to -1.84% over 1995-2000.
In contrast, a positive growth rate resulting
from changes in the age structure is projected
for lowfat milk, increasing from an annual
growth rate of 1.32% over the 1985-90 period

7 As noted by a reviewer, the following analysis implicitly as-
sumes that the demographic coefficients remain stable over the
projection period. An area for further study would be to use a
varying coefficients model to allow for these coefficients to change
over time. Moschini and Meilke develop a varying coefficients
model that may be useful for these purposes.

Gould, Cox, and Perali
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to 3.55% during 1995-2000 with a 25-year
average growth rate of 2.63%.8

Blaylock and Smallwood in their analysis of
the impacts of demographic changes on food
demand found that changes in the age distri-
bution had very little impact on per capita fluid
dairy (milk and cream) demand over the 1980-
2010 period. The differences between their re-
sults and those of the present study may be
due to: their use of cross-sectional versus time-
series data, their aggregation of lowfat and
whole milk demand, their inclusion of fluid
milk products not incorporated in this study,
and their analysis of at-home fluid milk con-
sumption versus aggregate (FAH and FAFH)
sales.

Future changes in the proportion of the pop-
ulation that is nonwhite and the median num-
ber of school years completed are estimated to
have relatively minor impacts on fluid milk
demand. The projected annual rates of change
of per capita whole milk demand due to the
projected changes in the variable NON-
WHITE decrease from .62% over 1985-90 to
.49% over 2005-10. For lowfat milk, the rates
of change decrease from .09% for 1985-90 to
.07% for 2005-10. In terms of the effect of
future changes of the variable SCHOOL, the
annual percent decrease in per capita whole
milk demand is projected to be less than .07%
for all years analyzed.

Table 3 summarizes the annual growth rates
(on a per capita basis) for the effects of changes
in the demographic characteristics included in
this study. Adding these annual growth rates
to the projected population growth rates yields
an estimate of the demographically induced
changes in the total demand for lowfat and
whole milk (table 4). Total population esti-
mates over the 1985-2010 period were ob-
tained from Spencer. 9 Using the procedure
outlined by Theil, the annual compound pop-
ulation growth rate is projected to decline from
.91% over the 1985-90 period to .50% over

8 Given the uncertainty with respect to future prices, this analysis
is undertaken with observed prices held constant at 1985 levels.
With increased consumption of lowfat milk products, the milkfat
that was previously contained in whole milk sales could be used
in the production of other dairy products. This reallocation may
have substantial effects on the relative prices of both fluid and
nonfluid dairy products. In the present analysis we are only con-
cerned with examining the impacts of changes in demographic
characteristics on fluid milk demand.

9 These population projections are based on the Middle Series
in order to be consistent with the demographic changes analyzed
previously. Refer to Spencer for a discussion of the assumptions
associated with the Middle Series.
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Table 3. Decomposition of Projected Annual Rates of Change in the Demand for Whole Milk
and Lowfat Milk, 1985-2010

NON-
Year POP5 POP513 POP65 All Age WHITE SCHOOL All Demo

W-~~~~~~hole Milk~(%)
Whole Milk

1985-1990 -.360 .202 -1.165 -1.323 .616 -. 011 -.718
1990-1995 -1.287 .048 -.597 -1.836 .563 -.067 -1.340
1995-2000 -1.484 -. 323 -.037 - 1.844 .549 -.060 -1.356
2000-2005 -. 792 -. 559 -. 247 -1.597 .528 -. 055 -1.124
2005-2010 -. 140 -. 430 -1.151 - 1.721 .493 -. 050 -1.278
1985-2010 -. 813 -. 212 -. 639 -1.664 .550 -. 049 -1.163

Lowfat Milk
1985-1990 .666 -.477 1.134 1.323 .086 .043 1.452
1990-1995 2.382 -. 115 .581 2.849 .078 .257 3.184
1995-2000 2.745 .764 .037 3.546 .076 .231 3.853
2000-2005 1.465 1.321 .240 3.027 .073 .209 3.309
2005-2010 .260 1.017 1.121 2.398 .069 .191 2.658
1985-2010 1.504 .502 .623 2.629 .076 .186 2.891

Note: Refer to table 1 for definitions of the demographic variables.

the 2005-10 period. Over the entire 25-year
period, the annual growth rate is projected to
be .67%.

The projected change in the total population
reinforces the projected increase in the per cap-
ita demand for the lowfat milk market and
reduces the negative impacts of lower per cap-
ita consumption of whole milk. The overall
demand for whole milk is projected to increase
over the 1985-95 period. Over the 1985-2010
period, total whole milk demand is projected
to decline at an annual compound rate of .50%
while lowfat milk is projected to increase at an
annual rate of 3.56%.

The importance of the population increase
on overall changes in the demand for lowfat
milk diminishes over the 1985-2010 period.
The last column in table 4 shows the ratio of
the annual rate of population growth to the
growth in lowfat milk demand. This ratio de-
creases from .385 over the 1985-90 period to
.138 for 1995-2000 and remains relatively
constant over the remaining simulation peri-
od. The average ratio over the 25-year projec-
tion period is .187. Again, these results assume
that the demographic effects (i.e., estimated
coefficients) do not change over the forecast
period.

Conclusions

Changes in the demographic profile along with
increased purchasing power have been iden-

tified as having important implications for fu-
ture food consumption patterns. The present
study develops a demand system incorporat-
ing demographic variables so as to better un-
derstand the current structure of the demand
for fluid milk products and the implications
of projected changes in the demographic char-
acteristics of the U.S. on fluid milk demand.
Such a model is important both to the devel-
opment of agricultural policy as well for the
development of marketing strategies associ-
ated with these commodities. With recent in-
creases in both generic and brand-specific ag-

Table 4. Projected Annual Compound Pop-
ulation Growth Rates and the Impacts on Over-
all Milk Demand

Total DemandProject. TtaChD and Pop.
Pop. ange Growth/

Growth Whole Lowfat Total
Period Rate Milk Milk Lowfat

(%) (%) (%)
1985-1990 .909 .191 2.361 .385
1990-1995 .762 -.578 3.946 .193
1995-2000 .615 -. 741 4.468 .138
2000-2005 .540 -. 584 3.849 .140
2005-2010 .500 -. 778 3.158 .158
1985-2010 .665 -. 498 3.556 .187

Note: The changes in total demand are due to changes in demo-
graphic characteristics and in the size of the population. The above
results are conditional on 1985 actual prices and total food ex-
penditures in that the impacts of changes in relative actual prices
or changes in total food expenditures have not been incorporated.

Gould, Cox, and Perali



Western Journal of Agricultural Economics

ricultural commodity promotion, knowledge
as to the impacts of demographic character-
istics are essential to the appropriate segmen-
tation of the population to target such pro-
motion activities.

The results from the demand system esti-
mation are used to estimate changes in the
overall market demand for whole milk and
lowfat milk products over the years 1985-2010
resulting from changes in the demographic
characteristics of the U.S. The results obtained
point to an average annual increase in per cap-
ita lowfat milk consumption of 3.6% and a
decrease in whole milk consumption of .5%.
These results are important given recent de-
bates with respect to changes in the 1985 Food
Security Act and the Federal Milk Marketing
Orders (General Accounting Office; Mc-
Dowell, Fleming, and Fallert). Policy makers
must take into consideration the increased
supply of milkfat that may be generated, and
any modification to the methods used to de-
termine milk prices should take into account
anticipated demand shifts caused by changes
in the population's demographic profile.

This study has been concerned with an anal-
ysis of fluid milk demand. From an agricul-
tural policy perspective, it is essential to un-
derstand what factors are affecting the
utilization of milk in all of its forms. An area
of future research would include an analysis of
the effects of changes in demographic charac-
teristics on the demand for manufactured dairy
products. This is important due to a unique
situation facing the dairy industry. While there
has been a reduction in the demand for high-
fat fluid milk products, the consumption of
relatively high-fat cheese products has been
increasing as shown by the increase in the per
capita consumption of whole and part-whole
milk cheeses from 9.7 to 24.0 pounds over the
period 1966-87 (Putnam). Such trends suggest
significant differences in the role of demo-
graphic and price variables in the demand for
fluid milk versus manufactured dairy prod-
ucts.

Heien and Wessells present a model that
investigates the demand for a variety of dairy
products but use aggregated commodity cate-
gories and limit the demographic effects to the
intercept terms of the share equations. In order
to identify the unique trends associated with
specific types of milk-based products, the anal-
ysis conducted in the present study should be
expanded to a larger number of dairy com-

modity categories and alternative methods for
measuring demographic effects in demand sys-
tems should be incorporated and evaluated.

[Received June 1989; final revision
received November 1989.]
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Appendix
Table Al. Means of Dependent and Independent Variables and Descriptive Statistics

Coefficient of
Variable Units Mean Variation Minimum Maximum

Prices
Whole Milk $/.5 gal. .677 .399 .387 1.222
LowfatMilk $/.5 gal. .642 .393 .385 1.079
Juices $/pound .356 .419 .207 .742
Other Beverages $/gal. .871 .682 .400 1.991
Other Food Index - 1.534 .508 .816 3.098
Total Food Exp. $ 777.5 .582 351.8 1,760.5

Demographic Variables
POP5 % 9.074 .185 7.1 11.3
POP513 % 16.426 .128 12.6 18.7
POP65 % 10.023 .105 8.5 11.9
NONWHITE % 12.858 .122 10.7 15.4
SCHOOL years 11.871 .060 10.4 12.6

Note: Refer to table 1 for definitions of the demographic variables.
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