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ABSTRACT

The objective of this study was to test for evidence of structural change during

the years 1967-1986 in U.S. per capita demand for whole milk, lowfat milk, Juices

and other beverages and in the U.S. per capita demand for butter, margarine, and

salad and cooking oils. If the data, consisting of prices and consumption quantities,

adhere to the behavior of a stable demand function, then the data should conform to a

given set of criteria. These criteria are that the data do not violate the Weak Axiom

of Revealed Preference (WARP) and do not violate the Strong Axiom of Revealed

Preference (SARP). Violations of WARP and SARP suggest that factors other than

changes in prices and expenditures have influenced changes in consumption patterns.

A nonparametric approach to testing for violations within the consumption patterns

was used.

The results showed that whole milk and lowfat milk consumption patterns were

consistent with stable preferences under utility maximization. Therefore changes in

consumption patterns among these beverages were explained by changes in prices and

expenditures. Addition of juices into the group introduced violations, but they were

small in magnitude. Inclusion of "other beverages" introduced numerous

inconsistencies. The largest violation in any of the beverages groupings was by less

than seven percent. Consumption patterns among all of the groupings of butter,

margarine, and salad and cooking oils either met or nearly met the criteria of revealed

preference.
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CHAPTER 1

INTRODUCTION

Per capita consumption of total dairy products has remained relatively constant

since 1967, as shown in Figure 1. It was only during the period from 1983 to 1986

that total consumption of dairy products rose significantly.

While overall consumption of dairy products has been relatively stable, there

have been marked changes in the consumption of various products within the dairy

products group (Figure 2). Only 46.4 percent of the consumption of fluid milk in

1987 consisted of whole milk as opposed to over 80 percent in 1967 (Smith and

Yonkers). According to Haidacher, Blaylock, and Myers, per capita consumption of

whole milk declined about 3 percent per year from 1965 to 1986. Lowfat milk

consumption increased at an average annual rate of over 5 percent. The consumption

of skim milk experienced little change through the mid-eighties; however, in 1985 per

capita consumption was 3.8 pounds, 4.3 pounds in 1986, and 4.2 pounds in 1987.

During the 1980's, increases in consumption of lowfat and skim milk, cheese, and

frozen products were sufficient to offset declines in the consumption of whole milk

and butter.

Several factors may have contributed to the decline in consumption of whole

fluid milk and to the increase in consumption of lowfat milk, skim milk, and other

lowfat dairy products. These factors include changing health concerns, demographic

patterns, and effects of prices and incomes.



 

1
1
6
L
B
S
/
P
E
R
S
O
N
/
Y
E
A
R

1
1
0
 -

1
0
5

I
1

9
0

8
6

1
0
0
 -

1
9
6
7
 
1
9
6
9
 

19
71

 
1
9
7
3
 
1
9
7
6
 
1
9
7
7
 
1
9
7
9
 

19
81
 
1
9
8
3
 
1
9
8
6
 
1
9
8
7

Y
E
A
R

Fi
gu

re
 1
. 

U.
S.

 P
er
 C
ap
it
a 
Co

ns
um

pt
io

n 
of

 To
ta
l 
Da

ir
y 
Pr

od
uc

ts
,

1
9
6
7
-
1
9
8
7
.

So
ur
ce
: 
US
DA
, 
Fo

od
 C
on

su
mn

ti
on

. 
Pr

ic
es

, a
nd

 E
xp
en
di
tu
re
s.
 E
co

no
mi

c 
Re
se
ar
ch
 S
er
vi
ce
,

Wa
sh
in
gt
on
, 
D
C
,
 va

ri
ou

s 
is
su
es
, 
19
64
-1
98
8.

t
o



2
5
0
L
B
S
/
P
E
R
S
O
N
/
Y
E
A
R

2
0
0

1
5
0

1
0
0

5
0

:
-
L
I-

Be.
Bl I.I

L
&

::
L

I
.k

k
1
9
6
7
 
1
9
6
9
 
1
9
7
1
 
1
9
7
3
 
1
9
7
5
 
1
9
7
7
 
1
9
7
9
 
1
9
8
1
 
1
9
8
3
 
1
9
8
5
 
1
9
8
7

Y
E
A
R

W
H
O
L
E
 M
I
L
K
 

ttttU L
O
W
F
A
T
 
M
I
L
K
 

C
H
E
E
S
E

Figure 2. U.S. Per Capita Consumption of Whole Milk, Lowfat Milk, Cheese,
and Butter, 1967-1987.

Source: U
S
D
A
,
 Food Consumption. Prices, and Expenditures. Economic

Research Service, Washington, D
C
,
 various issues, 1964-1988.

B
U
T
T
E
R



4

Since the 1960's, the American Heart Association and other health related

groups have urged individuals to decrease their consumption of foods high in fat and

cholesterol to lessen the possibility of heart disease (Hettinga). In 1984, experts

selected by the National Institute of Health reported that, on the average, the blood

cholesterol level of a majority of individuals in the United States was too high

(Hettinga). The experts attributed the high blood cholesterol level to the consumption

of calories, saturated fat, and cholesterol. According to Hettinga, many experts

regard consumers' concerns about the potential for heart disease and other health risks

from too much fat and cholesterol in their diets as the greatest reason for the

transition away from certain dairy products and eggs. Smith, Herrmann, and

Warland found that consumers, who were concerned with decreasing intake of foods

high in cholesterol and saturated fats were likely to have decreased overall

consumption of milk in the last two to three years and to have moved toward

consuming milk with lower fat content.

While individuals may have become more concerned with the fat content in

dairy products, they may be just as concerned with the content of other nutrients in

dairy products. According to Hettinga, dairy products are the chief source for such

nutritional ingredients as calcium, protein, zinc, riboflavin, magnesium, and fortified

vitamin D. As a result of such concerns, the dairy industry has attempted to reach

these individuals through advertising and new dairy product lines. These new lines

enhanced the calcium content while reducing the fat content in cheeses and lactose

content in milk and processed cheeses.
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While health concerns may have contributed significantly to the transition in

types of dairy products consumed, other factors that may have also played a

significant role include changing demographics, milk substitutes, prices, and incomes.

Sullivan found that milk was consumed in greater quantities in conjunction with meals

prepared at home. With the increased consumption of food away from home, milk

intake declined. Consumers, especially those with higher incomes, who consume a

greater proportion of their meals away from home, substituted other beverages for

milk. According to Sullivan, soft drink consumption increased from 18 gallons per

person in 1966 to 30 gallons per person in 1986; juice consumption increased from

2.8 gallons per person in 1966 to 5.5 gallons per person in 1986; and beer and ale

use increased from 16.5 gallons per person in 1966 to 24 gallons per person in 1987.

Other dairy products have benefitted from the increased consumption of foods away

from home. In particular, with the popularity of pizza, consumption of mozzarella

cheese in away from home markets has increased over the last decade (Hettinga).

Results from cross-sectional and time-series studies of the demand for dairy

products (Boehm; Gould, Cox, and Perali; Haidacher, Blaylock, and Myers; Helen

and Wessells) have shown that dairy products consumption, especially milk, is higher

in households with children. As the age structure of the population shifts toward a

higher proportion in older age groups, this could have a negative impact on the

demand for dairy products. Other factors, such as increasing educational levels and

incomes, could also shift consumption away from higher milkfat products to lowfat

products, as was found for fluid milk by Gould, Cox, and Perali.
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Several changes in dairy products consumption patterns suggest that structural

change in the demand for dairy products may be occurring. First, as described

above, the mix of dairy products consumed has changed dramatically over the last

twenty years toward lower fat products. Second, the types of products that compete

with dairy products have changed. An example, is the increased consumption of soft

drinks as an alternative to milk consumption. Third, the demographic impacts on

dairy products consumption measured in cross-sectional studies and time-series

studies, suggest that as the demographics of the population continue to change, these

changes will impact on dairy products consumption.

While all of these trends point toward the possibility of structural change in

the demand for dairy products, there is a lack of empirical tests for structural change.

Evidence of structural change would suggest that static models of the demand for

dairy products, which incorporate only prices and expenditures, would be inadequate

for explaining changes in dairy products consumption.



CHAPTER 2

LITERATURE REVIEW

The review of literature consists of three sections. In the first section, studies

of the consumption of milk and other dairy products are reviewed and summarized.

Cross-sectional and time-series studies of the demand for milk and various dairy

products are reviewed in the second section. Findings from the consumption and

demand studies which suggest structural change in the demand for dairy products are

emphasized. Studies using formal methods of analyzing and testing for structural

change in the demand for foods are summarized in the third section.

Consumption Studies

Results from studies of the consumption of dairy products revealed changes in

consumers' concerns regarding the nutritional value and healthiness of dairy products

(Hettinga; Smith, Hermann, and Warland; Smith and Yonkers; Vassavada and Smith).

These results are summarized in this section.

According to Hettinga, results from a recent survey showed that 53 percent of

the respondents consumed lowfat milk for diet or caloric reasons and 26 percent for

health or fat reasons. Only 15 percent consumed lowfat milk for taste reasons and 7

percent consumed lowfat milk because of its price.

In a study of the importance of cereal to fluid milk consumption during the last

20 years. Smith and Yonkers found that while fluid milk consumption increased with

greater cereal consumption, these increases were comprised primarily of increased
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lowfat milk consumption. Data were obtained from two surveys, one determining the

average quantity of milk used with each average size serving of cereal, the other

determining the number of times per week that an individual consumes the cereal, and

from the USDA publication Food Consumption. Prices, and Expenditures. 1966-87.

Smith and Yonkers found that with an increase in the consumption of ready-to-eat

cereal, cereal milk consumption increased by 26.6 percent.

Smith, Herrmann, and Warland analyzed consumers' concerns about fat,

cholesterol, and calories and their influence on milk consumption. The study

attempted to explain the decline in whole milk consumption and the rise in lowfat and

skim milk consumption by identifying the extent to which consumers adhere to

product and health information. Data were selected from a random nationwide

telephone survey conducted in 1987. The survey consisted of 1402 individuals who

were at least 18 years of age. Only responses suggesting some relationship between

calorie, fat, and cholesterol with milk consumption were used.

Responses to the survey indicated that individuals had not been appropriately

informed as to the structural content of fluid milk. Many had no idea as to the fat

content in fluid milk, while half of those responding overestimated the fat content.

The study also found that not only were individuals concerned about potential health

risks from consuming dairy products, but from consuming other food groups as well.

In fact, they found that people were increasing their intake of vegetables, fruit, fish,

and chicken and decreasing their intake of beef, pork, and eggs. Smith, Hermann,

and Warland concluded that individuals have become more health conscious and place
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emphasis upon the nutritional value of foods and beverages. Thus, to decrease their

intake of fat and cholesterol, while continuing to acquire the needed level of calcium,

vitamins, and protein, consumption of milk has shifted to lowfat and skim milk from

whole milk. Smith, Hermann, and Warland found that drinkers of whole milk were

less likely to be concerned about fat, cholesterol, and calories, less likely to exercise,

were more likely to be non-white, were likely to be younger, and more likely to have

fewer years of schooling than those who drank lowfat milk.

Dairv Products Demand Studies

A number of studies have analyzed the demand for milk and other dairy

products (Boehm; Boynton; Heien and Wessells; and Gould, Cox, and Perali). In

these studies own price elasticities for milk and other dairy products were estimated.

The magnitudes of these elasticities vary widely depending upon the type of data used

and the demand system used. Some studies used cross- sectional data while other

studies used both cross-sectional and time-series data as a basis for comparison. As

shown in Table 1, for example, the estimates of the own price elasticity for milk

ranged from -.55 to -.37 for time- series data and from -1.33 to -2.24 for cross-

sectional data. In each of these studies, demographics were also incorporated into

the demand systems. The results from cross-sectional studies of the demand for dairy

products suggested strong impacts by such factors as region, race, and the

population's age structure. According to Haidacher, Blaylock, and Myers, per capita

expenditures on total dairy and related products were found to be 14 percent greater

in the Northeast than in the South. With the exception of canned milk, weekly
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Table 1. Elasticities of Demand for Dairy Products Estimated in Past Studies.

Product Own-Price Elasticity Data Type Study

Milk:

All

Whole

Two percent

Skim

Lowfat

Nonfat Dry

Butter:

Margarine:

Cheese:

All

Cottage Cheese

Processed Cheese

American Cheese

- .63

-1.70

- .37

- .32

-1.33

- .55

-1.82

- .12

-.437

-2.24

- .45

- .17

- .27

- .52

-1.10

-1.29

- .43

-1.71

-1.80

- .44

-2.17

Cross-sectional

Cross-sectional

Time-series

Time-series

Cross-sectional

Time-series

Cross-sectional

Time-series

Time-series

Cross-sectional

Time-series

Time-series

Time-series

Cross-sectional

Cross-sectional

Cross-sectional

Time-series

Cross-sectional

Time-series

Cross-sectional

Time-series

Heien &

Wessells

Boehm

Boehm

Gould, et al

Boehm

Boehm

Boynton

Boynton

Gould, et al

Boehm

Boehm

Myers, et al

Myers, et al

Heien &

Wessells

Heien &

Wessells

Boehm

Boehm

Boehm

Boehm

Boehm

Boehm



Table 1. Continued. 11

Product Own-Price Elasticity Data Type Study

Frozen Desserts:

Ice Cream - .42 Cross-sectional Boehm

- .69 Time-series Boehm

Ice Milk - .56 Cross-sectional Boehm

-1.06 Time-series Boehm

Other:

Yogurt - .51 Cross-sectional Boehm

- .36 Time-series Boehm

Source: Boehm (1975); Boynton (1986); Gould (1990); Helen and Wessells
(1988).

per capita expenditures for dairy products were greater by whites than by blacks, with

whites spending nearly 25 percent more per person on total dairy products than

blacks. Weekly per capita expenditures for total dairy products were higher for

households having children. Households having teenagers and infants 2 years of age

and under spent more on total dairy products as opposed to age groups 3-12, 20-39,

and 65 and older. The percentage difference in expenditures between teenagers and

infants was 1.9 (Haidacher, Blaylock, Myers).

Helen and Wessells conducted a study on the effects of dairy price support

programs on the nutritional intake of consumers. Their objective was to observe the

impact that higher dairy prices would have on the consumption of dairy products.

Data were obtained from the 1977-78 Household Food Consumption Survey. The

Almost Ideal Demand System (AIDS) model was chosen in order to reveal the impact

that demographic characteristics (such as household size, number of household
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members by age and sex, season, region, tenancy, and race), price effects, and

income effects have on consumption of various dairy products. The results from the

study indicated a decrease in per capita demand for dairy products, particularly for

fresh milk and butter. Heien and Wessells attributed the decrease in demand partially

to changes in the age structure of the population, with a declining number of

teenagers and children. They also noted that a higher proportion of food expenditures

away from home had a negative impact on milk and butter consumption.

Boehm analyzed the impact prices, income, and demographic characteristics

have on the demand for certain dairy products in the South. Two analyses were

performed, one deriving estimates from cross-sectional data, and the other deriving

estimates from time-series data. The cross-sectional data were used in determining

how income, demographic characteristics, and retail prices have influenced the

demand for dairy products. The demand for thirteen dairy products were analyzed.

Demographic characteristics were incorporated to include: educational level of the

household, occupation of its head, race, housewife employment status and city size.

The time-series data were used in estimating the own-price and cross-price elasticities

for dairy products. The Market Research Corporation of America provided the

necessary data for the purchases of the dairy products needed in each model.

Excluding iced milk, buttermilk, and canned milk, Boehm concluded that

Southerners tended to consume lower quantities of dairy products than consumers in

the remainder of the United States. He found that the demand for dairy products in
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the South was generally more price responsive than demand in the rest of the United

States (exceptions were buttermilk and American cheese).

Boehm also found that black households consumed lower amounts of dairy

products than white households, with the exception of canned milk. Having young

people in the household added to the consumption of fluid milk. If the head of the

household had less than a college education, the household was more likely to

consume whole, rather than two percent milk.

In general, Boehm concluded that higher retail prices in the South, lower

levels of annual income, and Southern demographic characteristics, such as household

age/sex composition, educational level, and race, distinguish the South from the rest

of the United States. These factors contributed to the lower consumption levels in the

region.

Gould, Cox, and Perali incorporated demographic variables into an AIDS

time-series model of the demand for fluid milk. They estimated expenditure shares

allocated to whole milk, lowfat milk, juices, other beverages, and other food as

functions of prices of these goods, expenditures, and variables representing age, race,

and education levels. They found that an increase in the age of the population

decreases the demand for whole milk, while increasing the demand for lowfat milk.

They also found that an increasing median years of schooling of the population

decreases the demand for whole milk and increases the demand for lowfat milk.

Based on projections of age, educational, and racial populations, they forecasted that
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the demand for whole milk would continue to decline, while the demand for lowfat

milk would continue to increase.

Gould, Cox, and Perali also estimated a similar type of demand system for

fats, including butter. They found that factors such as increased educational levels

would decrease the demand for butter and increase the demand for margarine. In

addition, they found that the oldest age grouping had the highest per capita

consumption of butter, perhaps indicating consumption patterns fixed before

heightened health concerns.

Studies of Structural Change in the Demand for Food

The identification of the origin and the time at which structural change in

demand for a given commodity occurs is very difficult to determine. Such structural

changes are the result of changes in the utility function which rid the set of demand

functions of a portion or all of the parameters (Haidacher; Chavas). Consequently, a

number of different methodologies have been used to test for and incorporate

structural change into demand functions. These methodologies are reviewed for

studies of various food commodities which incorporate structural change. These

commodities include meats, such as beef, pork, and poultry, and butter, fats, and oils.

Parametric Studies of Structural Change

Evidence of structural change may come from a number of parametric

methods. One method for obtaining evidence of structural change is to test a model

with parameters that are invariant with respect to time. If the model fails a given set
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of tests, this is used as evidence of structural change. Other studies have interjected

time varying parameters into a model. If the parameters are significant, then the

assumption is made that structural change has occurred (Chavas; Choi and Sosin).

Examples of studies which estimated static models of the demand for food

products and then tested for structural change from these models include Chang and

Kinnucan, Braschler, and Haidacher. Chang and Kinnucan tested for structural

change in Canadian demand for butter and other fats using the Chow test. The test

was used to determine whether or not estimated demand coefficients for butter and

other fats were changing over time. Braschler also used the Chow test to examine

whether or not the demand for red meats changed during the 1970's. In both of these

studies, given demand structures were assumed, static models were estimated, and the

Chow test was performed on these models. The Chow test is a parametric method to

test for discrete structural change (Chow). In the Chow test, the observations are

split into more than one segment. The first n observations are used to fit an estimated

regression. Then, a regression is fit to the total pooled sample (n + m) observations.

The test statistic is used to evaluate whether or not m observations come from the

same population as n. The test statistic is:

{e'e - cjc,) / m
F =

ejc, I (n - k)

where e, are the residuals from the regression on the first n observations, and e are

the residuals from the regression on the pooled observations, and k is the number of
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explanatory variables. The F statistic is distributed as F with (m, n-k) degrees of

freedom.

Haidacher used a different approach to measure structural change in the

demand for food and food commodities. In his study, Haidacher used an indirect

approach for assessing structural change in the demand for food commodities, rather

than incorporating time varying parameters. He proposed that if a postulated demand

structure reflected the true demand structure, then values simulated from the

postulated demand structure would be the same as the realized values if no structural

changes in demand had occurred. Given that this assumption is correct, then errors

between simulated values and actual values provide a rough estimate of the outer

bound of structural change. Haidacher introduced a constant term, s, into each

equation, such that:

= E Pj, + n, w, + ,

where q.^ = Ag., / q.^ , = A/?^, I The price elasticities are

By and the income elasticity vector is t],. An interpretation of s, is that if the changes

in prices and incomes are equal to 0, then quantity will change by §•, for each unit

change in t. Therefore, Sj provides a rough estimate of the bounds of structural

change over time.

Several studies incorporated time varying parameters into demand systems. If

the parameters were significant, this served as evidence of structural change. Choi
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and Sosin, in order to measure structural changes in the demand for meats, interjected

time dependent parameters into a translog model. Choi and Sosin concluded that the

parameters of the model were time dependent, and reflected the occurrence of a shift

in the demand for red meat during the 1970's. Other studies incorporating time

varying parameters into food demand systems include studies by Wohlgenant and by

Chavas.

Nonparametric Methods for Testing for Structural Change

Parametric methodologies usually present the problem that they assume the

functional form of the selected utility function is correct. As Chalfant and Alston

point out, selection of the incorrect functional form can introduce results which may

give the appearance that structural change has occurred, when it may not have.

Therefore, indicators of structural change may be the product of specification choices.

A non-parametric approach for testing for structural change involves testing

for revealed preference (Chalfant and Alston; Varian (1983)). In order to test for the

stability of demand, the null hypothesis is that observed data conform to the

restrictions implied by stable well-behaved preference. If this is the case, then prices

and expenditures explain consumption patterns.' The test for revealed preference is

The underlying assumption is that the commodities under consideration form a
weakly separable group and that the per capita consumption data are the result of
utility maximization on the part of a "representative consumer". It is assumed that
aggregation conditions hold so that the average may be used. It is also assumed that
the composite commodity theorem holds; that is, the prices for each of the two groups
of commodities always change in the same proportion. Thus, the aggregate demand
for each group of commodities behaves as a single commodity (Henderson and
Quandt).
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applied to the data without imposing an assumed functional form for demand.

Chalfant and Alston tested for revealed preference in meat demand. They

found no switch of preference, and therefore concluded that relative prices and

expenditures explained shifts in consumption patterns. This was in direct conflict

with findings from a number of other meat demand studies which used the

methodology of selecting a functional form and then testing for structural change

based on that functional form (i.e. Choi and Sosin; Chavas; Wohlgenant).
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CHAPTER 3

OBJECTIVE

The objective of this study is to determine whether or not structural change has

occurred in the demand for dairy products. As part of this objective, nonparametric

tests will be conducted for evidence of structural change within the demand for dairy

products. Evidence of structural change will be tested in two groupings of dairy

products. These are consumption of whole milk, lowfat milk, juices, and other

beverages and consumption of butter, margarine, and salad and cooking oils. These

groupings are tested due to the data availability for these products and also because

there have been major changes in consumption patterns among these groups.
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CHAPTER 4

DATA

The beverages data are comprised of whole milk, lowfat milk, juices, and

other beverages. Other beverages consist primarily of carbonated soft drinks, coffee,

and tea. The quantity data for each of these are per capita consumption data in

gallons per year. The quantity data are from Food Consumption. Prices, and

Expenditures. 1964-88. The consumption of lowfat milk is represented by an

of one percent, two percent, and skim milk. Consumer price indexes and

retail prices for whole milk and other beverages are from Food Consumption. Prices.

and Expenditures. 1964-88 and U.S. Bureau of Labor Statistics sources. However,

price indexes for skim milk and juices for 1967-77 are from U.S. Bureau of Labor

Statistics sources and are used in conjunction with retail prices for 1980-86 taken

from Food Consumption. Prices, and Expenditures. 1964-88. Because a retail price

or consumer price index was not available for skim milk or juices during the two year

period 1978-79, prices were estimated.^ All prices are adjusted to a 1982-84 base

year index.

The fats and oils group consists of three commodities: butter, margarine, and

salad and cooking oils. Per capita consumption for the three subgroups and consumer

price indexes for butter and margarine are from Food Consumption. Prices, and

^The missing skim milk prices are estimated based on their historical relationship
with whole milk prices. The missing retail juice prices are estimated based on historical
wholesale juice prices.
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Expenditures. 1964-88. Per capita consumption is in pounds per year. Consumer

price indexes for salad and cooking oils are from U.S. Bureau of Labor Statistics

sources. All prices are indexes adjusted to a 1982-84 base year index. Price series

for all of the commodities are derived from price indexes and prices of the individual

commodities. Prices were obtained from Food Consumption Households in the U.S..

Seasons and Year 1977-78 and from Food Consumption. Prices, and Expenditures.

1964-88. All prices are deflated by the consumer price index.





22

CHAPTER 5

METHODOLOGY

A nonparametric approach will be used to test for structural change in dairy

products demand. The nonparametric approach is used, because it allows for testing

for revealed references, but does not impose an a priori assumed functional form for

demand upon the data (Chalfant and Alston; Varian (1983)). As discussed by

Chalfant and Alston, imposition of the incorrect functional form can produce results

which give the appearance of structural change in demand, when there may be none.

If the data, consisting of prices and consumption quantities, adhere to the

behavior of a stable demand function, then the data should conform to a given set of

criteria. These criteria are that the data do not violate the Weak Axiom of Revealed

Preference (WARP) and do not violate the Strong Axiom of Revealed Preference

(SARP). Violations of WARP and SARP suggest that factors other than changes in

prices and expenditures have influenced changes in consumption patterns.

Let P, be a vector of prices for bundle a and Q, be the quantity vector for

bundle a. The cost of purchasing bundle a is then represented by P.'Q, or $ .
ao

Suppose that a is the bundle of N goods purchased at a given time period, and b is

the bundle of N goods purchased at another time period. According to the WARP,

bundle a is revealed preferred to any other bundle b that could have been purchased

(abbreviated aRb), if bundle b was affordable at period a prices, but bundle a was

selected instead. If aRb, assuming the data behave according to WARP, then b will
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never be revealed preferred to a. The Weak Axiom of Revealed Preference is violated

if any bundle b is also revealed preferred to bundle a, as is shown in Figure 3.

Satisfaction of WARP implies homogeneity of degree zero of the demand function and

that demand relations are single valued (for any price-income vector, a single

consumption point is chosen).

GOOD 2

M(Pb)

M(Pa)
Qa

Qb

M(Pb) M(Pa)

GOOD 1

Figure 3. Example of Violation of the Weak Axiom of Revealed Preference.
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If the number of bundles is greater than two, then it also becomes necessary to

test for transitivity under the Strong Axiom of Revealed Preference. Transitivity

implies that if aRb and bRc, then aRc. For example, if aRb, bRc, and cRa, there is

intransitivity of preferences. In the example shown in Figure 4, cRb. Bundles c and

a lie on the same indifference curve, which means that a must also be preferred to b.

However, a and b lie on the same curve, implying indifference. Therefore,

satisfaction of SARP implies non-intersecting indifference curves.

GOOD 2

Qa Qc

Qb

GOOD 1

Figure 4. Example of Violation of the Strong Axiom of Revealed Preference.
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A matrix, $, can be used to test for the consistency of consumption behavior

with WARP and SARP. The matrix for bundles a and b is:

$ =
$ A^aa ^ab

A $
^ba ^bb

When (Paa > ̂ ab, aRb.

A convenient representation of the matrix $, is found by dividing each

element of the matrix by the diagonal element in the same row. For example, each

element in the row with would be divided by This representation allows

comparison of the affordability of the bundle actually purchased at a, with alternative

bundles, b and c. The matrix is calculated as:

r =

ab

aa aa aa

^ba ^bb ^bc

^bb ^bb ^bb

0
ca ^cb cc

<5.

For purposes of convenience, each quotient can be abbreviated. For example.

' ab

abfaa

Suppose that is less than one. This indicates that the bundle purchased

at time b was affordable at time period a, although it was not purchased at time

period a. Therefore, if < 1, then aRb. Given this representation, violation of
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WARP would occur, for example, if r and r.... were both greater than one, or
abfaa bafbb

were both less than one. An example violation of SARP would be if p , p
abfaa bcjbb

and p , were all less than one.
cafcc

A drawback of using a nonparametric test is that there is no method to

measure the power of the test. Furthermore, the power of this type of test may be

diminished when there is a strong trend in expenditures (Alston and Chalfant).

However, the abilit]? of parametric methods to pick up substitution effects is also

diminished when there is a strong trend in expenditures (Pitts and Herlihy). When

overall consumption is rising rapidly over time, the budget lines rarely cross.

Therefore, few violations of revealed preference will be detected.

A large increase in real expenditures over time will be evidenced in the p

matrix. The result will be a much greater number of elements of p with values

greater than one above the diagonal than below the diagonal. Moving across the rows

of p beyond the diagonal, each element compares the cost of bundles purchased in

later time periods, if they were purchased at an earlier time period's prices, with

actual expenditures in the earlier time period. If real expenditures are rising over

time, then the cost of purchasing the later bundles at the earlier time period's prices

should be greater than actual expenditures in the earlier time period. For example, if
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real expenditures were rising, a likely situation might be that $ , so that
CD CC

^abfaa ^ ^haibb likely be less than one.

If there is evidence of a strong trend in expenditures, Alston and Chalfant

suggest adjusting the data for real expenditures. Observed quantities can be replaced

by a quantity adjusted by the growth in real expenditures. The percentage difference

between expenditures in time period t and the minimum for the sample is used to

adjust the observed quantity. These adjusted quantities are then used to calculate the

elements of $ . The quantities should then lie along closer budget lines, such that

these budget lines may cross.

A potential source of error when using this test for structural change, which

can also be a potential source of error when using a parametric test, is that the

grouping of commodities chosen for the test may produce results which appear as

structural change. Selection of the correct commodities to be included in the group is

of great importance. Therefore, for each grouping, components of the group are

deleted to test for their impact on the number of violations.

For each of the products groupings, the matrices $ and r are calculated.

Using these matrices, tests are performed for violation of WARP and SARP within

each grouping of dairy products. Each matrix is a 20 by 20 matrix, dimensioned,

i=l.,.20, j = 1...20, since the years 1967 through 1986 are used. Where there is

evidence of a strong trend in real expenditures, adjusted data are also tested for

violation of WARP and SARP.
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The groupings of dairy products used in the tests for structural change place

heavy emphasis on the assumption of weak separability, and two stage budgeting for

the groups of products. Two stage budgeting results as consumers decide first how

best to budget their incomes among each individual group of like-commodities and

secondly, how best to allocate within each group of like-commodities. For example,

consumers first allocate their income among beverages, fats and oils, cereals, and a

number of other broad food groupings. They then are assumed to allocate

expenditures within each grouping, such as allocation of beverage expenditures among

different types of beverages. The use of two stage budgeting relies on weak

separability because: 1) it is assumed that the set of commodities within the group has

common characteristics, that suffice in distinguishing commodities within the group

from commodities outside the group and 2) it is assumed that the marginal rate of

substitution between any two commodities in the beverages or the fats and oils

grouping is independent of the quantity of commodities not included in that particular

group in question (Johnson, Hassan, and Green).

The groupings used in this study were selected upon their like characteristics

and similarity of use by the consumer. They were also selected due to their similarity

to groupings used in past studies, so that comparison of results could be made. The

number of possible combinations of foods and beverages which could be tested for
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separability is quite large. It is beyond the scope of this study to test all possible

combinations.'

'The methodology used in this study can also be used to test for weak
separability. If a subset of the goods satisfies the Generalized Axiom of Revealed
Preference, while an aggregate of these goods along with other goods still meets the
consistency property, then a utility function exists which rationalizes the data and is
weakly separable in these goods (Varian (1983) and Belongia and Chalfant).
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CHAPTER 6

RESULTS AND CONCLUSIONS

Results

Summaries of the results from the nonparametric tests of the beverages and

fats and oils data are presented in Tables 2 through 5. Table 2 summarizes the test

results for revealed preference within the beverages group, while Table 4 summarizes

results within the fats and oils group. Each table is divided into two sections, one

displaying the analyses of the unadjusted data, while the other section displays that of

the adjusted data. Within each section, the number of elements above and below the

diagonal that are greater than one is shown. The number of violations of the Weak

Axiom of Revealed Preference and whether or not the data are consistent with the

Strong Axiom of Revealed Preference are also shown. Tables 3 and 5 display the

location of the violations of WARP and SARP and the size of the largest violation for

the unadjusted and adjusted data within the beverages group and the fats and oils

group.

The results displayed in Tables 2 through 5 are derived from the ratio tables

found in the Appendix. The ratios compare bundles of (|)^ and <}>,. for the particular

group of commodities being tested. Both the unadjusted and the adjusted ratio tables

for the 1967-86 year period are presented.
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Beverages

Shown in Table 2, when all beverages (whole milk, lowfat milk, juices, and

other beverages) are included in the group, the unadjusted data show 18 violations of

WARP and SARP. The violations appear between pairs consisting of 1967 and each

of the years; 1973, 1976, 1985, and 1986. Violations also occur between 1968 and

1973 and 1968 and 1986, and between pairs consisting of 1969 and 1970, 1974,

1979, 1985, and 1986. Other violations are between 1970 and 1979, 1970 and 1985,

and 1970 and 1986, 1971 and 1986, 1974 and 1986, 1975 and 1986, and between

1977 and 1980. Presented in Table 3 and Table A.l, when all beverages are included

in the group, the unadjusted data exhibit the largest violation between the pair of

years 1967 and 1986, yielding values of .9339 and .9941.

Each of the component beverages is deleted from the beverages group

to check for its impact on the data meeting the criteria of revealed

preferences. Shown in Table 2, when each of the beverages are deleted from the

group, the existing group still violates WARP and SARP in the unadjusted data, with

the exception of the grouping of whole milk and skim milk and the grouping of whole

milk, juices, and "other beverages". Addition of juices into the grouping with whole

and lowfat milk introduces five violations into the unadjusted data. The violations are

between consumption in the years 1967 and 1972, 1968 and 1977, 1970 and 1976,

1970 and 1977, and 1973 and 1975. However, each of the violations are by less than

one percent (Table 3).
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It should be noted that there has been a strong growth in expenditures on

"other beverages", which primarily consist of carbonated soft drinks, coffee, and tea.

This is evidenced in Table 2 and Table A.3. When the "other beverages" are deleted

from the beverages grouping, there are only 28 ratios with values greater than one

above the diagonal in the unadjusted data. While there was substantial growth in

lowfat milk expenditures, whole milk expenditures declined. Notably, as presented in

Table 2 and Table A.7, when whole milk is deleted from the beverages grouping,

there are 178 ratios with values greater than one above the diagonal. Furthermore,

when lowfat milk is deleted from the beverages grouping, there are only 20 ratios

with values greater than one above the diagonal, as shown in Table 2 and Table A.9.

Since a strong trend in expenditures may overshadow substitution

effects, when the unadjusted results for data with strong expenditure trends reveal no

violations, the adjusted data should also be evaluated (Appendix Tables A.2, A.4,

A.6, A.8, A. 10, A. 12, A. 14, and A. 16). Shown in Tables A.3 and A.4, the only

grouping for which unadjusted and adjusted data exhibit no violations of revealed

preference is the grouping of whole milk and lowfat milk. Inclusion of juices along

with whole and lowfat milk introduces six violations, however, the violations are all

by less than four percent.

Fats and Oils

Results from the nonparametric tests of the butter, margarine, and salad and

cooking oils data are displayed in Table 4 and Appendix Tables A. 17 through A.24.
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The tests reveal eight violations of WARP in the unadjusted matrix of the original

group (butter, margarine, and salad and cooking oils), but each violation is by less

than two percent. The results in Table 5 show the violations of WARP in the

unadjusted data are between consumption bundles in 1968 and 1971, 1968 and 1974,

1968 and 1975, 1968 and 1977, 1969 and 1974, 1969 and 1975, 1969 and 1977, and

1971 and 1974. Each of the fats and oils is deleted from the group to check for its

impact on the data meeting the criteria of revealed preference. As displayed in Table

4, with the exception of butter, when each of the fats and oils is deleted, the existing

group still violates WARP and SARP. Shown in Table 4 and Table A.21, when

margarine is excluded, there are seven violations of WARP and SARP. Presented in

Table 4 and Table A. 17, when salad and cooking oils are excluded, there are six

violations of WARP. Although there are violations in each of the unadjusted

groupings, except margarine and salad and cooking oils, none of the violations is by

greater than two percent.

Summarized in Table 4, the groups which include salad and cooking oils,

exhibit a large number of elements greater than above the diagonal. The original

group contains 166 elements having values greater than one above the diagonal (Table

A. 17); the group excluding butter has 181 (Table A.23); and the group excluding

margarine has 166 (Table A.21). However, when salad and cooking oils are excluded

from the grouping, shown in Table 4 and Table A. 19, the number of elements greater

than one above the diagonal is reduced to 53. Thus, strong growth in expenditures on

salad and cooking oils is evidenced. With the exception of the group excluding salad
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and cooking oils, the groups of adjusted data show few violations. The group

excluding salad and cooking oils yields five violations. The results in Table A.20

show the violations occurring for the pairings 1967 and 1979, 1968 and 1980, 1969

and 1973, 1973 and 1981, and 1982 and 1984. The largest violation occurring

between 1969 and 1973, consists of the ratios .9872 and .9998. None of the

violations in any of the adjusted groupings of fats and oils is by greater than two

percent.

Conclusions

The results from the nonparametric tests conducted in this study show that

whole milk and lowfat milk consumption patterns are consistent with stable

preferences under utility maximization. Therefore, prices and expenditures explain

changes in consumption patterns among these beverages. Addition of juices into the

grouping produces violations, however, they are small in magnitude. When "other

beverages" are incorporated into the group, numerous violations are introduced.

The fact that inclusion of "other beverages" introduces violations could have

two possible implications. These results could imply that "other beverages" should

not be included in the group with whole milk, lowfat milk,and juices. However, the

results could also imply that "other beverages" may be the source of structural change

within overall beverages. While the inclusion of "other beverages" does introduce

violations, the magnitude of the violations are fairly small. As shown in Table 3, the

largest violation is by less than seven percent. Examination of Table A.l, reveals

that the majority of the violations are by less than two percent. According to
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Varian (1985) and Clialfant and Alston, inconsistencies that are small in magnitude

could be the result of measurement errors in the data/

Past studies of the demand for various dairy products have hypothesized that

factors other than prices and expenditures influence the demand for milk. As these

factors change over time, a structural change in the demand for milk would be

evideneed. Based upon this hypothesis, Boehm, Heien and Wessells, and Gould,

Cox, and Perali incorporated demographies, such as household size, number of

household members by age and sex, educational levels, region, tenancy, and race into

their models of dairy products demand. The results from Gould, Cox, and Perali's

time-series study of the demand for milk and other beverages, indicated that an aging

of the population would shift the demand for milk. The results from cross-sectional

studies of demand have also shown significant impacts of age upon the demand for

fluid milk (Boehm and Heien and Wessells). With a decline in the number of

teenagers and children in the household, a decrease in the consumption of fluid milk

is projected. Gould, Cox, and Perali attributed the negative impacts of an aging of

the population upon the demand for whole milk to heightened eoncerns about the

nutritional value of foods and beverages. Furthermore, Gould, Cox, and Perali and

Boehm found that educational levels had a significant impact on the level and type of

fluid milk consumed, with increased educational levels contributing to increased

consumption of lowfat milk and decreased consumption of whole milk.

* Varian describes a methodology for testing for consistency when measurement
errors are present. However, the methodology is beyond the scope of this study.
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While each of the aforementioned studies of the demand for fluid milk found

that nonprice and nonexpenditure variables were important in explaining consumption

patterns, the results from this study do not strongly support the necessity of including

these types of variables, especially when "other beverages" are omitted. Therefore, if

the correct functional form is specified, then a static model of the demand for whole

milk, lowfat milk, and juices should be adequate. Only when "other beverages" are

included does evidence appear suggesting that prices and expenditures are inadequate

for explaining consumption.

If the violations introduced by including "other beverages" in the grouping

signal structural change, this would be consistent with findings from previous studies.

For example, Sullivan found that as consumers' incomes increase, there is a tendency

to substitute other beverages for milk with meals away from home. Furthermore,

Helen and Wessells noted that a higher proportion of food expenditures away from

home had a negative impact on milk. The results from Gould, Cox, and Perali's

study showed that increasing educational levels had a positive impact on the

consumption of "other beverages".

The results from the nonparametric tests on the grouping of butter, margarine,

and salad and cooking oils show the criteria for utility maximization under stable

preferences is nearly met. Thus, it follows that provided the functional form is

correctly specified, prices and expenditure data for butter, margarine, and salad and

cooking oils could be sufficient for explaining consumption behavior. These findings

are contrary to those by Gould, Cox, and Perali who found that factors, such as
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increased educational levels would decrease the demand for butter and inerease the

demand for margarine, and that the oldest age grouping had the highest per eapita

consumption of butter. Furthermore, as with milk, Helen and Wessells attributed the

decline in the consumption of butter to a higher proportion of food expenditures away

from home.

The results from nonparametric testing of consumption patterns for whole

milk, lowfat milk, and juices and for butter, margarine, and salad and cooking oils do

not supply strong evidence of structural change. However, it should be noted that a

study of this nature is just a partial analysis, and all possible substitutes and

complements for these foods and beverages are not considered in the testing.

Groupings are limited to those similar to ones used in past econometric studies of the

demand for these foods and beverages. Therefore, the analysis relies heavily on the

assumption of at least weak separability. It is beyond the scope of this study to

perform separability tests for all possible combinations of foods and beverages which

are potentially related to the consumption of the ones considered in this study.

It is also important to note that the data used in this study are aggregates and

are to represent the "average" consumer. Therefore, it is possible that negative

impacts on consumption created by one demographic factor within the population

could be offset by positive impacts from another. Therefore, the tests from these data

are only capable of revealing violations in overall consumption patterns from patterns

which are consistent with utility maximization. This possibility makes comparison

with results from cross-sectional studies difficult.
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