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Abstract:
The purpose of this study is to identify the factors that influence consumption of fluid dairy products in
Montana and to measure the impact on consumption of a change in these factors.

Eyen though actual consumption of fluid milk at the retail level is not readily observable, a close proxy
is the volume of milk utilized for fluid milk products.

A dynamic demand model is formulated based on the theory of consumer choice, factors suggested by
prior studies, and on the socioeconomic characteristics of Montana. Maximum Likelihood Estimation
of the statistical model is performed using a non linear least squares procedure.

Factors found to significantly influence milk consumption are price, income, the age structure of the
population and season of the year. Consumers appear to respond slowly to changes in the economic
factors with only about 50 percent of the ultimate response completed in one year. Consumption is
found to be price inelastic in the short run with an elasticity of -.33. However, in the long run after
complete adjustment occurs, demand is found to be elastic with an estimate of the long run price
elasticity of -2.58.

An inverse relationship between consumption and income was estimated when income was entered in a
strictly additive form. It is shown that this results from the interaction between income and the age
structure of the population.
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ABSTRACT

~ The purpose of this study is to identify the factors that
influence consumption of fluid dairy products in Montana and to
-measure the impact on consumption of a change in these factors.
Bven though actual consumption of fluid milk at the retail level
is not readily observable, a close proxy is the volume of milk
utilized for fluid milk products.

. A dynamic demand model is formulated based on the theory of
consumer choice, factors sqggestéd by prior studies, and on the
socioeconomic characteristics of Montana. Maximum Likelihood
Estimation of the statistical model is. performed using a non lineaxr
least squares procedure,

Factors found to significantly influence milk consumption are
price, income, the age structure of the population and season of the
year, Consumers appear to respond slowly to changes in the economic
factors with only about 50 percent of the ultimate response completed
in one year, Cousumption is found to be price inelastic in the
short run with an elasticity of -.33. However, in the long run after
complete adjustment occurs, demand is found to be elastic with an
estimate of the long run price elasticity of -2.58.

An inverse relationship between consumption and income was
estimated when income was entered in a strictly additive form. Tt
1s shown .that this results from the 1nteract10n .between income and
the age structure of the population.




Chapter 1
INTRODUCTION

This study examines the demand relationships'for fluid ﬁilk pro-
ducts in Montana from 1964 throQgh 1976. Spécifically, ?his analysis
is direéteduto: |

(1) Identifying the factors significantly influepcing fluid

milk_consumption in Montana.

(2) Measuring the magnitude of consumer response to chaﬂges

in these factors, and

(3) Analyzing the time path of consumer adjustment to changes

in the influencing factors. '

The first of the specific objectives is accomplished by analyzing
(1) the theory of consumer behavior, (2) existing prior studies, and
(3 the economic énd socioeconomic structure of Montana's economy and
population. Chapters 1 and 2 summarize this analysis.

The se;ond objective is accomplished by utilizing econometric
procedures to estimate the parameters underlying the stétistical
demand relatiopship. Chapters 3 and-4 outline the précédure and
summarize the results of the statistical analysis.

The final objective is accomplished by statistically analyzing
the dynamic nature of consumer response to changes in the factors.
upon which economic decisions are based. This objective is accomp-

lished by defining a theoretical behavioral relationship believed to




2
explain observed ghanges in consumption over time and sta;isticai}yi
estimating the parameters that underly the theoretical relatibnship.

More specifically, this study statistically examines the éggregate
retail demand relationship fof Grade A, Class 1 dairy products in
Montana. Quarterly time series data is used in the analysis for the
“years 1964 to 1976, '

Retail level demand is estimated fof the consumptioﬁ of the
following milk products: wholé milk, low fat and skim milk, chdéo;ate
milk and drink,“buttermilk, half and half, commercial cream and
whipping cream.

Three econemic agents influénce the demand structure of the fluid
déiry product market in Montana: Conéumefs, the dairy industry
(producers and processors) aﬁd price regulators. |

Consumers seek to maximize their total utility as a function of
the quantities of commodities consumed subject to an income constraint.
Producers and processors seek to maximize their net return subject té
the price received for their product and the prices paid for the
factors of production. Price regulatofs must insure that adeéuate
supplies of wholesome milk products are available to consumers at all
times at the lowest possible cost in‘accordgnce with state law. The
characteristics of each of these‘economic sectors will be examiﬁed in

the remainder of this chapter.
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Consumers

" Dairy prbduct purchases represent about 16 perceht of the totgl
expenditure for food and 2.3 percentlof all expenditures in the United
States [13]. Next to meat, dairy products comprise fhe single most
impprtant group of commodities in:the diet. Fluid milk p;édqcts'are
the most important element within the dairy prdduét group, accduﬁting
for well over one-half of all expenditures for dairy products in the
United States. |

"Annual per capita consumption of fluid milk products in ﬁontana
has fallen in recent years. In 1967, 246 pounds of milk were consumed
per person compared to approximétely 236 poundé per person ip 1976.
Nationally, a decreasingltrend ip cons;mption was also Pbserved oﬁer
the same period. National per capita consumption in 1964 was estimated
to be nearly 300 pounds per persoﬁ. ﬁy 1975, national consumption had :
fallen to 248 pounds. Currently Montanans-appgar to consume slightly
less milk per person than the national average [4]. This may.be due
to sevgral factors. First, per capita income in Montana is lower
than the national average. Second, Montana is basically an agricultural,
rural state. This is likely to exert some influence on consum?tion.
These factors are analyzed in greater detail in laﬁfer sections of
this chap;er. Table 1 summarizes the historical trena In per capita
-milk consumption in Montana. |

Rather dramatic decreases in per capita consumption occurred




Table 1

Per Capita Consumption of Fluid
Milk in Montana

(1967-1976)

Pounds per person per year

Per Capita 1/

Year ' Consumption™
1967 T 246
1968 : - . 246
1969 ' 236
1970 239
197, - 244
1972 | ' 248
1973 239
1974 234
1975 229
1976 236

‘Source; A Report of Milk Utilization in Montana; Departﬁent of
Business Regulation; Milk Control Division.

1/

~/Calculated as follows: (Total Class 1 unit sales - fluid milk-
sales to other states) + Bureau of Census population estimates.
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between the years 1972-1975. This was a period of rapid milk price
increase. Table 2 summarizes the changes in the "order" price of
one—haif gallon homogenized milk over this period. This rapid price
~escalation in both nominal and in real £erms probably expléins much
of the decline in- consumption dufing this period.

There have also been significant changes in the types of fluid
'milk products consumers have demanded. 1In 1967 nearly 74 percent of
all fluid milk consumed was homogenized. Low fat milk comprised only
16.5 percent of milk sales. However, a dynamic shift_from whole milk
to low fat milk occurred after 1967. Homogenized milk dipped to a
market share of 49.5 percent of sales while low fat milk rose to
39 percent. Table 3 shows this changé in demand over time.

This change in consumer tastes is probably attributable to
several sources. First, there has geen an increased awareness of
the possible health'hazards associated with cholesterol and fat. Low .
fat milk possesses the desirable attributes of fluid milk with
reduced cholesterol levels. Low fat milk is also priced somewhat
lower than whole m?lka Generally, oﬁe half gallon of low fat milk is
2 cents less than whole milk.

Prior studiés have shown that the economic and demogréphic char-
acteristics of consumers are factors that can influence fluid milk
consumption. Several of the cha;acteristics of Montana's popuiace

that may be important determinants of milk consumption patterns are:
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Table 2

Changes in the Montana Order Price
Per One~Half Gallon Homogenized Milk

(1973-1975)

New Price
(Cents per

Cumulative Change in
Price since January 1,

one-half 1973 (cents per one-
Date of Change gallon) half gallon)
January 1973 65 . 0
February 1973 67 2
May 1973 69 4
October 1973 71 6
November 1973 75 10
February 1974 76 11
March 1974 79 14
April 1974 82 11
June 1974 85 20
August 1974 84 19
September 1974 83 18
October 1974 84 19
December 1974 86 21
April 1975 85 20
July 1975 86 21
August 1975 85 20
October 1975 86 21
December 1975 87 22

Source: Office of Business Regulation; Milk Control Division.




Table 3

Consumption of Fluid Milk Products by Typez/
(1967-1976) :
(percent of total sales)

Raw Pasturized Homogenized Chocolate Low Butter Skim Chocolate A1l
Year Milk 7 Milk . Milk Milk Fat Milk Milk Drink: Cream
1967 .8 .7 73.7 1.2 16.5 1.3 3.2 .09 - 2.3
1968 .6 A 70.2 1.2 20.4 1.4 3.1 .2 2.3
1969 .6 .3 66.5 1.5 24.2 1.4 2.9 .2 © 2.2
1970 .6 .2 63.2 1.8 27.8 1.4 2.7 .09 2.1
1971 .5 .2 . 60.1 2.3 . 30.5 1.4 2.7 .09 2.0
1972 .6 .1 57.8 - 2.6 32.6 1.4 2.9 S0 . 1.9
1973 .6 A 54.5 2.5 34.6 1.5 3.7 .5 1.8
1974 .7 4 51.7 2.4 37.0 1.6 4.4 06 1.8
1975 .6 4 . 50.4 2.5  38.0 1.7 4.6 04 1.7

1976 .7 04 L 495 2.7 39.1° 1.7 4.5 .05 1.7

Source: A Report of Milk Utilization in Montana; Department of Business Regulation; Milk
Control Division 1967-1976. :

2/

~'Data unavailable prior to, 1967.
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(1) Diéposéble iﬁcome-levels
~(2):.Changes in the distribuﬁion Qf-inéome
(3 Changés_in t&tal pdpdlation‘
(&) Rurai/UrBén.Coﬁposition
(5) Age structure
(6) Education 1evé1
(J)H Rééiél composition

(8) Sex composition

Disposable Income Levels

Disposable per capita income in Montana in unadjusted terms has
risen steadily since 1964. The trend has also been upward when
adjusted by.the'consumer price index. Table 4 summarizes the trend

in disposéble income levels since 1964.

Income Distribution

Changes in the distribution of income quite likely‘affect agére—
gate demand for many commodities iﬁcluding fluid milk. Three sectors
of the population structure afe of interest when analyzing income
distribution: (1) Rural and Urban, (2) White.and‘Nqn—whi;e, and
(3) Male and Female.’ |

Tab}e 5 shows changes in income distribution of rural and urban

residents between 1959 and 1970.‘

Major distributional changes may be observed in_table'5; notably
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Table{4_'

Disposable Income per Person in Montana

1964-1975

(dollars per .person per year)

" Per Capita

Real 'per Capita -

. -Disposable Income Income .
Year (Unadju;ted) (1967 = 100). V‘
1964 2030 2185 ?

1965 2181 - 2308.
1966 - 2352 2420
1967 2449 2449

1968 2543 2440
1969 2705 2464
11970 3035 2610°
1971 3125 2576
'19?2 3508 | 2730
1973 4038 . 3034

‘,1954 4193 ~ 2839

1975 4667 -‘2595,

Source:. Survey of Current Business.
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Table 5

Percentage Distribution of Money Income of Families
and Median Family Income, Urban and Rural Sectors,

Montana and United States, 1959 and 1970

Under $3,000

$ 3.000 - 5999
6,000 - 9,999
10,000 - 14,999
15,000 - 24,999

25,000 and over

Median Income
1959
1970

United States

Montana
"7‘71(71"7..17 T A Rural I i Rural
Urban Non-Farm Farm Urban Non-Farm

1959 1970 1959 1970 1939 1970 1959 1970 1959 197
15.2 5.63 224 1151 31.7 14.77 16.4 N.A® 289
36.0 16.16 419 2001 38.1 2463 31.7 N.A.* 36.8
35.2 32.85 279 34.03 18.1 26.89 34.1 N.A* 292
10.1 27.26 59 23.36 7.6 18.38 123 N.A.* 6.6
28 11.97 1.5 8.85 3.3 10.53 3.9 NoA 1.8
8 3.13 3 1.94 1.2 4.80 1.5 N.A.* 7 4
100.0 100.00 100.0 100.00 100.0 100.00 100.0 — 100.0

5918 5050 4289 6166 4750

6766 8237 7365 *NA® N.A.*

Source:

Census of Population:
Characteristics, Montana, p. 133.

*Not available.

Montana Economic Study, Part I, Vol. 3, pp 6-7 and 1970
General, Social and Economic
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the displacement of urban mean income from the highest level in 1959
(85918 compared to $5050 for rural non-farm and $4289 for rural farm)
to lowest level in 1970 ($6766 compared to'$8237 rurai non—-farm and
$7365 rural farm). However, rural non~farm and rural farm sectors
continue to maintain large segments in the poor categéfy (under
$6,000). Campared to the 1959 national median incomé for thése
groups Montana compa?ed favorably, being slightly higher in the rural
n6n~férm and rﬁral farm groups and slightly lower in the urban group.

From the standpoint of income distribution among racial éroups,
non-whites comprise a disproportionate share of the state's poor -
individuals. In 1959, 84 percent of non-whites had incomes less
than $6,000 compared to 58 percent of the white populace. 1In 1970,
50 ﬁercent of the Blacks, 37 percént of the Spanish, and 71 percent
of the Indians in Montana had incomes less than $6,000 compared to
28 percent of the white sector. Table 6 shows income‘distribution
between racial groups in 1959 énd 1970.

Some distributional changes have occurred in the incomes of
males aﬁd females. As‘table 7 shows, the median income of women is
much lower than thatnéf men both iﬁ 1959 and 1970. However, there is
a significant trend to a greater proportion of women eﬁtering the
work force and to higher incomes for those employed. In 1959, 77
percent of the men employed had incomes less than $6,000 compared to-

" 98 percent of the women employed, By 1970, 52 percent of.the men had
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Table 6

Percentage Distribution of Families by Level of
Money Income and by Color,
Montana 1959 and 1970.

White Non-white
Income Level ;;5_;-”““ 1970 1959 1970
Other
Negro Spanish (Indian)
Under $1,000 423 2.17 13.60 47 2.70 775
$ 1,000 - 1,999 6.62 3.01 19.63 3.26 2.88 13.95
2,000 - 2,999 : 8.60 4.76 16.60 11.87 5.15 18.06
3,000 - 3,999 . PSR O e | D37 14.66 8.90 9.38 10.78
4,000 - 4,999 o 12488 5.87 1110 12.46 8.70 11.03
5,000 - 5,999 whi 3424 6.99 8.74 8.90 8.39 9.06
6,000 - 6,999 ’ 11.52 8.13 3.73 6.82 11.34 4.36
7,000 - 7,999 : 8.42 8.45 4.53 14.24 6.43 8.60
8,000 - 8999 . . 6.35 8.62 2.25 7.72 10.36 3.41
9,000 - 9,999 . .. e 4.24 7.48 1.36 2.08 5.02 3.72
10,000 ‘and over ........ 11.68 39.15 3.72 18.99 29.65 9.28
100.00 100.00 100.00 100.00 100.00 100.00
Source: Bureau of Census: 1970 Census of Population: General,
Social and Economic Characteristics - Monana, p. 133.
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 inc0meé less than $6,000 while 90 percent of the women émpléyed.aiéi

While it is difficult'to draw.conclusions since the income data is not
in real terms it does appear that women in the lower income ranges
progressed more rapidly than males. However, men entered.the'upper

income ranges in much greater proportion than did women.

Rural/Urban Compesition

Since 1950 there have been'significant.changes in thé’rural/urban
character of the state. In 1950, there weré 75,000 more people living '

in rural areas than in urban areas. Urban residents comprised only

44 petcenf of the state's population. B& 1960, the rural/urban mix

was approximately equal. However, urban résidentshoutnumbered rural
residenfs by 47,000 persons in 1970. Urban residents rose froﬁ-SO.
percent of the population to 53 percent in the ten year period.

Figure 1 shows the population chaﬁge from the rural countries
in Montana to the- urban counties be#ween 1960 and 1970.

This shift in rural/urban éomposition is further'inteﬁsified'by
the fact that many of those now classified as rurél residents are
actuaily nonfarm also. it is expected a priori that a population
that is primarily urban and non—farﬁ will consume more fluid miik ét
the retail level than a,ﬁbpulation‘that is rural and agriculturally
oriented. This is due, at least in part, fo home producéion and
consumption of fluid milk as well as greater distances from retail

outlets.
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: Table 7

Distributioﬁ of Income Levels of Persons. 14 Years -

and Over by Sex, Montana, 1960 and 1970.

11,035

. ) ‘ Male : ‘Femaié'
Income Level 1960 1970 1960 1970
' ’ ' - Yercent - .
‘No Income 8.2 8.7 | 46.5 - '3%.8.
'With Tncome 91.8 191.3 54.5 62.2
1- 999 14.8 12.9 48.3 34.3
1,000 - 1,999 13.4 10.6 19.7 120.7.
2,000 - 2,999 10.8 8.6 12.5 12.2
3,000 - 3,999 12.0 7.0 10.2 10.5
4,000 —'4;999,_ 13.4 - 6.2 5.1 7.3
5,000 - 5,999 12.6 7.3 2.1 4.9
6,000 - 6,999 8.0 8.4 .8 3.8
7,000 —,7,999 5.6 2.3
. 8,000 - 8,999 9.5 7.4 1.6. 1.4
9,006 - 9,999 . | 5.0 - .8
10,000 and ovef 5.5 18.8 1.8
Total 100.0 .100.0 100.0 1100.0 .
Median Income (§) 3,910 5,751 1;760

Source: Bureau of Census, 1970 Census of. Population: General-Social

and Economic Characteristics, Montana, p. 114.
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In 1960,‘t5ere were about 27,000 farms in Montana gf ﬁhicﬁ 58 a
pércent reported at least one dairy cow [7]. By 1969, 2000 fewer
farms were still in operation and only 25 percent of the remaining
farms had at least one dairy cow. It is expected thét-a shift.in
;he nature of thé urban/rural and agricultural charécter of the state
should exert some influenéé.on retail milk consumption. Unfértunately,
détailed data useful in tﬁe statistical analysis is nét available to

measure the quantitative effects of this structural change.

Age Structure

>

The age structure of the population has also changed a greét
deal since 1950. Between 1950 and 1§60 the p£oportibﬁ of yéupg
individuals (defined as 18 years of age and less) in the total pop-
plation rose f?om 33.0 percent t6.38.6 percent. However, after 1960
%he populatioﬁ became progressively older. By_l97b; only 36.4
-percept of the total population of Montana was 18 years of age or
less. By 1975, roughly 33 percent of the population was categorized
in the."youhg" group.

Several prior étudies‘[3, 4, 247 have shown that per capita milk
consumption decreased as age of the population increased. Thus, a
‘population coﬁprised of older individuals, such as in Montaﬁa,‘would
be expgcted to consume less milk than a youngef population when the

effects of all other factors are accounted for.
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Education Level

The-geheral éduéation 1ev§i~hés risen slighply,in,recentlyears.
In 1960, the'avérage'edﬁpation level was 12.1 years of education (the
 a§efage nﬁmﬁér of yea:s~of education of ah-ihdiViduai over 25.years
old).'ﬂThisileGel rose to 12.3 yearé in 1970. Some .studies. have
aQSOCiéted gréater”flqid*ﬁilkAconsuﬁﬁtipn withihigherveAucation leﬁels,
Héwever,‘this‘inpreaée iﬁ the average éduéatiqﬁ level was noﬁ expected
to hévg a major influence on aggregate milk conéuﬁptibn; For this
reasgn, education was not u£ilized as an explanatory variable in

the statistical model.

Racial Composition

As with éducatipn, racial composition changed to a slight éxtent
during fhénﬁeriod of this study. In 1950,.96.8.percent“of Eﬁe
population was white.’ By 1960, theuprqpottion ArOﬁPEd Sligh?ly.to‘
96.4 percent. Aﬁ:additional decline to 95.5 percent was noted in
1970 IlE}. While therg is éviaence that non—whites consume less
milk than thtes {41; it is n6£ Iikelf fo be important in_Méntaﬁa due
'tolthé relafively homogeneots natufé of the racial distributioh over

time.

Sex Composifion

Other socio-economic variables have been identified in prior

studies. Women have been shown to consume mote milk-per capita ‘than
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men. Detailed statistical data on sex composition was not availéblé'
for this study, however, it is not expected to significantly influence

the results.

The Montana Dairy Indusfry

The daify industry in Montana is characterized b& two distinct
sectors: Dairy froduﬁers and Dairy Processors aﬁd Distributors.
‘While the two éectorsyare termed "the dairy industry', it is not
uncommon for the goals and objectives of the.séctprs fo be conflicting.
Producers, for example, seek to obtain the highest posgible farm
price for fheir raw milk since this is the major source of their
revenue. D9iry processors, on the.other hand, seek the lowest possible
raw"ﬁilk price since this is a major input (and variable cost factor)l
in the ﬁroduction of processed dairy prbducts. The nature of raw milk.
along with the different objectives of the two sectors has led to
government involvement in dairy marketing in order to insure a con-
stant milk supply for the general public. Much of the remainder of
this chapter addrésses the role of government in the dairy industfy
and analyzes the trends and charactéristics of the sectors of theé

dairy industry..

Milk Markéting in'Montané

Milk in the Montana market is categorized according to standards

of sanitation in production and product utilization. Raw milk
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produced fo£ utilizatiqn.as‘fluid products'must meet. strict st;ndérds.
of sanitation. Milk produced under these standafdé is labelgd "Grade
A." Milk produced under less stringent standards for farm use’or
manﬁfactured products is labéigd "Grade B" and is not -eligible for
fluid utilization. ‘Grade A milk producers must be licensed by the "
Milk Control:Division of the Office of Business Rggulation in |
accordance with state law. Sanitation étandar&s are enforced by the
. State Department of Livestock.

Grade A milk is fu;thér categorized'according to its ultimate
.utilization. Fluid products such as whole milk and creaﬁ are labeled
"Class 1." Manufactured products such.as ice éreaﬁ,‘cotgage'cheese,
and non-fat. dry milk for human consumption areA"Class I products.
Hard cheese, butter and powdered milk for non-human usesaré g?ouped
into "Class ITI" products. Table 8 summarizes the distribution of
Grade A production into the various.classes.of products.

Currently about 93 peréent of all milk produced in Montana is
eligible for fluid use [21]. While all Grade A milk qualifies for
use as fluid pfoducts, dnly about 75 percent is ultimately'consumed
as fluid milk or-creaﬁ. ‘The remainder is proceésed’into manufactured
dair& products suéh as ice cream and cheese. |

* Dairy producers are paid for their raw milk in accordance with
its ultimate utilization. This "blend pfice”.is baéed on the percent

of the stock of raw milk that enters the market in each of the three
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Table 8

Classes of Milk Products in MonEana

Class 1 ) Class 2 - .Class 3
Whole Milk - "+ .Non-fat dry milk Butter
(Homogenized and/or (Human food) -
pasturized testing’ : o Cheddar Cheese
at least 3.25%)2. . Cottage Cheese

. ’ Process Cheese
Chocolate Milk" Ice Cream : _
(test at least 3.25%) Livestock feed
) - TIce Milk
Low fat milk o . Powder Milk .
(.5%2 to 2%) : " Sherbert (non-human use)
‘Buttermilk : Condensed milk

(testing 2% or less)
: Yogurt

Skim Milk

(testing less than .5%Z)

Chocolate Drink :
(testing less than .5%)

Half and Half Cream
(testing at least 10.5%)

Commercial Cream
(testing at least 18%)

~ Whipping Cream
(testing at least 30%)

Source: Office of Business Regulation; Milk Control Division.

§-/Testing' refers to fat content.
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milk ufiliéaéiqn ciasses.‘ Generallyhclass 1 produgts ha&e fhé'ﬁighes;
valuatioﬂ and Clasé 3 the lowest. THus; at 1gést at the fafm.leQei,
" high Class I utilization is desirable.

Table 9 summarizes the historical trends iﬁ Grade A milk pro-
dgction by source of receipt. Two major soﬁrces of Grade A miik are
available: Local production (includinghindepéndent producers,
producer/distributprs_and proceséor-owned herds) and imports‘from
ﬂeighboriné statés.

'By far most Grade A‘milk is from local sources. Tmports compriéed
6nly 4.8 percent of all Grade A milk processed in 1976.: While.imports
of Grade A milk have remained relatively stable ovef the £ime perioﬂ
of this study, exports have risen substantially (in-fact, since 1975
exports df.Grade A milk have actually exceeded imports).

Producer/distributor production éf Grade A milk (thgt ié,.dairy
‘prqducets that both produce and process their own milk for on-farm
sale) has remained nearly constant since11964. This source of
production accoﬁnts for about 1 percent of all Grade A milk utiLized.
Processor owned herds, once accounting for over 2 percent of the.
Grade A milk produced, now account for less than 1 percent. Table
10 summarizes the trends in Class Ivu;ilizétion by source ofﬂ‘
production.

As wifh érade A milk, most Class I milk is obtained from lécal

independent producers (about 99 percent). Ovér 90 percent of
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Table 9
Grade A Milk Production in Montana

(1964 - 1976)
Millions of Pounds -

- Local Production . - Import/Export
. Independent Producer/ Processor :

Year Producers ' Dist;ibutors Owned Herds Imports "Exports
1964 192.0 2.0 - A A 7))
1965  200.6 1.6 N/A 16.9 . N/A
1966 212.6 2.7 WAL 136 WA
1967 - 207.5 . - 2.5 5.3 10.5 1.8
1968 211.7 2.2 5.6 8.4 2.6
1969 207.2 2.1 | 5.8 "~ 8.5 . 5.8
1970 215.3 2.1 5.1 11.1 4.8
1971 221.8 1.8 | 5.2 12,6 - 6.6
1972 . ‘228.8 ‘ 2.4 5.6 11.2 5.4
1973 225.0 2.3 2.2 132 6.7
1974 215.6 2.4 1.7 ' 13,8 8.3
1975 | 221.4‘ 2.4 0.7 13.1 23.2
1976 226.6 2.1 0.0 12,1 19.5

Source: A Report of Milk Utilization in Montana; Department of
: Business Regulation; Milk Control Division

PR

-E/Data not available 1964-1966.




23
Table 10
- Class I Utilization in Montana by Milk Source

(1964 - 1976)
Millions of Pounds

Local Production T Importé/Exports
Independent Total Class
Producers . I Milk
" (including pro- Producer/ Utilized in
Year cessor owned Herds).Distributor Imports Exports Montana
1964 164.6 ' 2.0 7.0 NA 173.6§/ |
1965 158.3 1.6 16.6 | NA ' 176;65/
1966 164.6 ' 2.6 133w 180.4Y
1967 162.1 .. . 2.0 . 9.9 1.8 172;2
1968 164.1 1.6 8.0 2.6 171.1
1969 160.9 1.4 8.1 5.9 164.4
1970 158.7 " 1.5 10.9 4.0 167.1
1971 165.0 1.5 10.3 3.5 173.8
1972 " 170.8 ' 1.5 11.1 3.8 180.2
1973 165.9 1.7 12.7 5.7 175.2
1974 - 162.8 2.0. . 13.1 - 6.3 172.2
1975 172.7 2.1 12.3  15.1  172.3
- 1976 176.8 - 1.9 1.7 11.9 178.4

Source: A Report of Milk Utilization in Montana;.Department of
Business Regulation; Milk Control Division.

2/0verstates actual utilization in Montana by the amount of Class I
Milk exported.
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producer/distriﬁutor Grade A milk goes to fluid‘proaucts; yet this
source only accounts for about l-percent of total Clasé I utilization.

Eprrté of Class I‘prodgcts héve increased in importance since
they were firs£ reported in 1967. Expofts ﬁavé risen from an estimated
1.2 million pounds in 1967 to nearly 12 million pounds in 1976.
Impdrts, on the other hand, have remained quite stable over tﬁé same
period. Siﬁce 1975, Class 1 exports ﬁave e%ceeded imﬁorps by\a:_
slight amount. Utilizétion of exported fluid milk from Montana is

givén in Table 11 for 1967-76.

The Producer Sector

Table 12 presents historical trends in the number of Grade A
'producers,’cows iﬁ production and éverage production pér cow from
1964 to 1976. Since 196?,.the trend has been to fewer yet larger
milk producers in Mongana. In. 1964, there were 461 licensed Grade A
producers (including.producer/distributors) while in 1976 there were
271, a decreaée of 41 percent. Herd size pef producér, on the othér
hand (Grade A cows per ﬁroducer), rose.from 44 cows per ﬁroducer in
1966 (the first year of available data on cow numbers) to 77 cows
per producer in 1976. Producﬁion ﬁer cow has increased from 10,780
péunds per cow in 1966 to éligﬁtly over ;1,060 pounds in 1976.

There are spbsténtially fewer producer/distributors currently

than in the past. 1In 1964, 16 producer/distributprs,were in operation
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Tablefll'
- Utilization of F1u1d Milk . Exported from Montana

(1967 ~ 1976)
Mllllons_of pounds

Year - . Class I‘r L Class IT .; Class' III
:1967 | .: 1,8 ' f 0.0 SN . 0.0
1968 26 jt‘ 0.0 ol
1969 . 5.9 0.0 o
w70 . - 40 S . 0.8
971 3. 25 0.6
972 s o L o
1973 ,‘ 5 5.0 0.6 : 0.4
1974 | » 6.2 L 0.5 : | 1.5
1975 T 15.1 - 1.2 ‘ 6.9
11976 11.9 L 1. | 6.3

Source; A Report of Milk Utilization in Montana; Office of Business
Regulation; Milk Control_D1v151on
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. Table 12
6/

Grade A Milk Producers in Montana—
(1964 - 1976)

Number of Independent Number of Grade A Avérage Productién

Year . Producers Milk Cows®/ . Per Cow '
1964 461 ' | NA | NA
1965 465 M NA
1966 443 o 19,916 . 10,780
1967 - 410 20,005 10,761
1968 410 20,267 10,723
1969 - 383 19,607 . 10,862

. 1970 346 20,567 . 110,819
1971 337 ' 20,657 11,078
1972 . 310 20,965 11,295
1973 303 20,464 C 11,362
1974 262 19,479 11,279
1975 261 20,354 11,030
1976 ot/ | 20,921 11,041

Source: A Report of Milk Utilization in Montana;  Office of Business
Regulation; Milk Control Division.

'~ %NA = Data not available

6/

—'Includes producer/distributor hers.

7/

“/Includes "out of state'" producers licensed in Montana.
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compared to 10 in 1976,
Receipfs from-the dairy production sector of the Montana economy
represent about 2 percent of total agriculturé_receipts received by
farmers from marketing all commodities. While total receipts from

dairy product sales have risen slowly in unadjusted terms since 1964,

. the importance of dairy products relative to other commodities has

fallen from the standpoint of income earned. -Table 13 summarizes

receipts from'daify production between 1964 and 1975.

The cash receipts of Montana's dairy producers account for about.

5 percent of the total receipts for dairy products in the Mountain

States area. Next to Wyoming, Montana's dairy industry is the smallest
in the Intermountain area [15]. Nationally, Montana producers rank

44th in terms of cash receipts from marketing milk and cream.

The Distributor Sector

There have been some significant changes in the distributor
sector since '1964. In 1964, there were 37 Montana based distributors
and 16‘out—of—state.distributors operating in Montana. By 1976, there
were only 14 Montana distributors and l4.ou;—of—staté distributors
still in operation. Much of this change in structufe is the result
of a éhif; to'larger plants caﬁable of achieving economiés pf.séale

in milk processing [21],
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Table 13

. Cash Receipts from Dairy Products

As Percent of

Receipts from Dairy ?roducté ' "Total Receipts for
Year ' (Million $) - - ~ All Commodities .
1064 o | ;3}7A,‘ - | 3.6
195 ';; S 1347 R ‘3i§'~‘
1966 - L i S 2.8
1967 | S22 3.2
1968 - 15.7 ' - 3.1
1969 , 6.5 . - 3.1
1970 . 15.9 | | - 2.6
1971 | 166 ‘ B 2.7
1972 ' : 17.8 - 2
1973 | : 19.1 _ / 1.7
| 11974 o | 22.3 - | | : - 1.9
1975 ; : - ' 22.6 - . " . _ 2:1

Source: Montana Agricultural Statistics.
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Milk Price Administration in Montana S b

Some form of milk price regulation hés-existed ih'qutané since
" the Depression precipitated unstabie marketing conditions in tﬁe
1930's. 1In 1935, the Montana legislature enacted Chapter 189, Lawsi
of 1935, which establishéd sanitafion standards and set miniﬁum order
prices. This éct ﬁas intendedito pfoviée temporary pelief to the
dairy industry as a response to the economic turmoil of. that time.

In‘1939, Montana undertook permanent milk price regulation.
Currently, the Milk Coﬁtrol Division of the Office of Busiﬁess
Regulatioﬁ enforces milk control policy in accordance with the
‘ Execﬁtiﬁe Reorganization Act of 1971. Minimum prices of various
fluid milk products are established by the Montana Milk Control Board
under provisions of Montana Milk Control Division Laws, Chapter 4,
Sections 27-401 through 27-429.

At the retail level, a minimum price is set for each fluid milk
product and container size, with lower minimum sales prices set for
institutions suéh as schools and hospitals (Federal Government Install-
ations are exempt from price controls). Historically, the minimﬁm
order price has been the effective market bfice.

Prior to 1974, a separate order price was established for three
geographic regions in the state.§/' Within each region, supply and

8/

—While the state was divided into 12 geographic regions, .only three
order prices were established. Separate prices pertained to the
Bozeman-Missoula area, Northeast Montana and a third price for all
remaining areas.
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~ demand factors were assumed-to be homogeneous. Those fegionQ‘thaFt
suppliedAsﬁrplus quantities of milk were pégaliy alioﬁed to.set 1§wer-j
retail pricés fhanlareas With déficit préduétioﬁ levéié.- in 1974,
regional price differentiation was eliminaféd and a single set of
prices'afplied'statewide.

Prior ﬁo 1971; increases in the order price of retail milk
.'pfoduqts and producer blend price‘haq to be supported by indrééséd 
‘costs of prbducﬁion. Thislprocedure had ‘several weéknesééé. First,:
"historical gostg usuall& lagged behiﬁqhactuél coé£ of f?qduétion. By
the time cost data had been ahélyéed bf thelmilk control béard,»it
waé often né longer'relevant to the actuél.conditions in existence.

Another problem with cost of production analysisAis the.lqck of
a giﬁgle cost of production. Each préducer'has a different cost of_.
productidn based upon the efficiency of his operation. It is.at
: best.difficult.fo determine whose historical cost data to utilize in
set&ing increments in milk -price.

‘Also, sgveral of-fhe inpuﬁ cosés of milk production are price
'det‘:ermi'ned.~ For example; high cow priceé will ingrease~the cost of
’production. Thus, the use of cost of production as the basis for
.milk pricing polic& caﬁhlead tp,cyéles of high prices determining higﬁ
. production costs becaqse market pricesxdf dairY'éows tend to move
directlf’wifh milk‘pricés,-at least in the short run;.

In 1971, flexible pricing formulas were adopted at both the
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produéef and retail levels. The formulas base product priée on vééioﬁs
-economic indica;oré.of prbduction cost;llevels of econpmic activity
such as income, aﬁd the opportunity costs facing the AAiry sector.
While these formulas are.more responsive to changes in ecénomic

conditions, there is still no guarantee the established‘price will

equate the demand for and suppiy of fluid dairy produéts in Montana.

Review of Prior Studies

Due to lack of adequate data, no prior studies have undertaken
eﬁpirical investigation of the demand relatiomnships in Montana for
bevérage milk products. However, severgl recent studies of a national
or regional scoﬁe do exist and may be used to‘validate’the.results
of the current study within the 1imitations of the data source and
‘method of analysis.

Comparison with prior studies must be done with caution. The
resulté of older studies'of the 1940's aﬁd-l950's may be outdgted_dde
to changes in consumer attitudes. It is unlikely that consumers vie&
milk products today in the same manner as in the 1940's. Aggressive
advertising campaigns by.the dairy industry along with improved
nutritional and health qualities of fluid milk have certainly changed
consumer tastes and preferences err the past 30 years.

We might expect studies based-on cross sectional data to yield

different estimates than time series studies. Estimated elasticities
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from cross sectional data usually ma? be interpreted as "long run"
elasticities while those f;om time series data tend to be more
M"short run", ér possibiy an average of short and long run [4]. We
should‘also expect indiViduals in various regions of the country to
respond différentl& due to differences in tﬁe economic and demographic
characteristics of.thé region. |

A recent sfudy by Boehm and Babb [4] used cross section/time
series analysis based on consumer panel data obtained during the.
period April 1972 to January 1974 by the MarkethReséarch Corporation
of America (MRCA). The data base was comprised of over BO0,000
purchases of selected dairy products by 5,000 familieg distripufed
nationally.

Boehm and Babb eétimated the pfice elasticity for fluid milk to
be -0.16 in the short run and -1.63 in the long run. The short run
price response was measured using time series analysis with long
run respoﬁse.measured using cross section data.

The éstimated incomé elasticity of 0.05 was smaller than prior
studies had indicated. The study concluded "household income did not
‘exert a significant influence on consumption rates". Household com-
ﬁosition, season of the year and race were other factofs found -to
significantly influence consumption. Also, households.in the mountain
'states (which included Montana) were found to consume less milk than

those in the Northeastern and Midwestern states and slightly more than




33
those in the South.

William T. Boehm [3] also analysed household demana for fluid
milk products in al1976 study using a different source of data.
Fedetai Order Market daté corfesponding to 22 Standard Metropoiitan
Statistical Aregs (SMSAYS) were develqped into a stétistical model
' usiﬁg a pooled cross section. Boehm identified three categories
of non economic variables believed to exeft influence oﬁ consumption
levels. These were demographic variables -(age, sex, education énd‘
race), physical environment variables (tem?erature, rainfall, emﬁloy—
ment opportunities, institutional constraints), and product environmenf

(advettising, attitudes, merchan&ising techniqueé, promotions, heaith
consideration).

Price elas#icity for the mountain regiop was estimated to be
-0.159. A positive but numerically small income elasticity was
estimated.' While income waé shown to exert litéle effect 6n
~cdnsumption,_distribut;ion of.incdme_was.found to be very important.’

Age structure was also found to be significant. Incrgaseé in
population In the age groups under 5 years and between.44 and 65
years of age significantly increased per capita consumption. Less
substantial increased consumpt?én levels Wefe identified for_those
between 5 and 17. Per capita consuﬁption fell for tﬁose 65 years
old and older.

Johnson [11] concluded in a study published in the Proceedings of

.
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the Sixth National Symposium on Dairy Market Development (1966) ﬁﬁéﬁ
the price elasticify for milk has been decreasing ovef time. Iﬁ 1930,
the price élasticity for fluid milk was believed-to-be about 70.5 for
U.S. markets. :Price elasficity has decfeased to -0.3 in 1950 and‘—0;2
in the 1966'3. Johnson corcluded the decreasing trend of price‘
elasticity was due»to increasing real income levels which enabled
consumers to purchase the same amount -of miik regardless of price.

B;inegar [5] studied consumer response to changing milk price
and incoge level in a.community in eastern Conﬁecticut from 1947 to
1949. From data obtained in consumer interviews, the short run price
elasticity was estimated to be ~0.48. No long run price elasticity
was estimated. The long run income elasticity (the long run defined
as'1l year) was estimated to be 0.24. Family composition was found to

’
be an'important explanatory variable in that a significant positive
relationship between gﬁe number of children under 18 years old gnd
total consumption of milk was observed.

George and King [10] estimated the demand for food commodities
including fluid milk in the United States using both time series and
cross section data. Both:price andlincome elasticities were estimated
at the retail level. Farm level elasticity was then derived from:the
statistical results at the retail‘level. The short run retail price

elasticity was estimated to be -0.35 while the short rum farm price

elasticity was -0.32. Long run price elasticities were not estimated.
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The long 'run income eiasficity measured based on cross section data
was 0.37. |

A 1971 study of consumers in the Gainesville,'Florida area by
Prato [20] estinated the price elasticity of -demand to be -5.7. Prato
pbints out that this wvalue may be distorted dne to fhe nanner in which
a.weighted aVerage.price was conetrucned. Consumerslin higher income
households did purchase greater quantities of milk than lower.

In 1972, Thomas and Waananen {ZAj conducted a study to exmaine
the consumption and use patterns:of certain_ilnid milk prodncts in
eight western cities. Approximatel§ 2,000 consumers were interviewed
in 1967 concerning -their purchase patterne. Although tnis study was
not a statistical anaiysis and did not quantitatively measnre consumer
response, several facfors influencing milk consumption were identified.

Milk consumption was inversely related to the age oflthe pui—
chaser. With few exceptions houeeholds purchased less milk_per cepite‘
as the age of the head of household increased. Per capita consumption '
by both sexes was found to decline sharply nifh the advent of adult-"
hood with-older adults consuming very little fluid milk or its
products.

A slight increase in consumption was associated with increased
income levels. The study surmized "as incomes increese_the consumption
of fluid milk by children stabilizes, possibly even increases somewhat;

while consumption of fluid milk by adults declines”. Other factors
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:identified in this study which affected fluid milk,cénsumptibn'ﬁefe
educa#ion'leVels, race, family size, sex of individual, and prices of
-milk substitutes such as coffee, tea, fruit juice and b;hers.

In summary, most prior sfudies estimate the price elasticity of
‘demand to rangé from -0.16 to -0.4 in the short .run and gfeater than
unity in the long run. ‘Income response isimuch less clear. Some
studies do associate greéter coﬁéumpfion with higher income yet the
magnitude of responsé measured by the income elasticity is usually
small. Other éignificant factors that explain observea ébnsumption
levels include age, education, household composition, region.aﬁd
season of the year. A ézigzi these same factors ére éxpected fo be

important in Montana. .




Chapter 2 N I
THEORY OF CONSUMER BEHAVIOR

The foundations of the theory of consumer behavior are well
"documented in economic literature. The purpose of thig'éhapter is. to
present an qutline qf the relevant aspecfs of the economic theory in
Qfder to develop a method of analysis to examine the behavior of

consumers in the fluid dairy product market in Montana.

Theory of Demand

The objective of each consumer in the economy isvto‘attain the
highest level of utility or satisfaction possible via the consumption'_
of goodé and services available to him. However, no individual has
unlimited income. Thﬁs, it is assumed the desire of the rational
consumer is to maximize utility subject to the limitations of income.

There is an infinite number of commodity combinations available
to the consumer. We assume the individual is aware of all the
possibilities he faces (he possesses pérfect informatiop)_and is able-
to rank each possibility ordinally.

Implicitly, the ability to ordinally rank various commodity
bundles is represented by the individualﬂs utiiity function

U (ql, cevy qY)
where qi_is the leyel of 'consumption of the ith commodity.‘ The

utility function enables the individual to rank commodity bundles
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such that he either prefers one bundle to another or is indiffe?ént
between bﬁndles, |

We assume the utility function is a continuous, single valued
function of all &ommodities'avgilable. No meéningful numeric (cardinal)
value éf utility is attached to any commodity bundle. Thé oﬁly valid"
economic interprefation of utility is in the preference relationship
of the possible combinations.

The form of the utility function is influenced by the tastes and
preferences of the individual and by various socioeconomic(factors
. such as.age, sex and race. The structire of. the utility function }s
assumed constant over the period of the stafistical analysis even
though changes probably occur over time. In general, no two individuals
would have the same utility function since each would place different
values on the possible consumptionloppoftupities.

Since thelconsUmer attempts to attain the highest level of
utility subject to the income constraint, his actions may be

represented by maximing a Lagrangian function

, . n
L=7U(q, -z q) -2 - P.4;)
i=1
_ n
where ¥ = .1 pi'qi is the budget constraint of the individual, pi'is

the price of the ith commodity, and A is the Lagrangian multiplier
repfesenting the marginal utility of income.

The demand function for each good is derived from the lst order
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conditions for a maximum. This is accomplished by setting the
partial derivatives of L with respect to each good and A equal to

0. This yields (nt+l) independent equations.

8L §U
5q1 dql 1
iq_ q n
n
8L = ?—ilp..q.=0
6}\ 1= 11

The firs£ n elements of the (n+1)xl‘§ec£or represent the ﬁecessary
conditions for constrained utility maximization. The (ﬁ+l) element
insures all income earned by the individual ig spent (séving is
also considered a good which yields utility).

This system of (n+l) equations in (n+l) unknowns may be solved

for each q - Generally, this would yield:

qi = f(pl’ Ter pnlY)

This represents the demand for the ith good as a function of the
prices of all goods consumed hy the indiviudal and the fixed level
of income.

The demand relationshipé derived in ‘this manner have the

following properties:
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(1) They are single valued functions, of prices and inédﬂgéliAy
The socioeconomic factors and tastes do not appear expiicitly
in the demand funétion. Yet, the shape of the utility
function and, hence, the demand relationship is clésely
related to these factors.

2) The deﬁaﬁd relationships are homogeneous of degree 0. There-
fore, if all prices and income are doubled there will bé
no change in the quantity demanded of ;he ith good. This
aséumes no ‘money illusion‘exists.

The preceding demand relatipnship has several implications for

Practical eqonometric estimation:

(1) The demand function relates quantity consumed to all prices
appearing in the individual's utility function. From a
statistical point of view, it is impossible to estimate a
demand function which includes all prices. It does séem
reaspnable to inclu&e only those prices closely related to
the commodity under investigation. This presents a tﬁeore-
tical justification for including the prices of substitutes
and complements and eﬁcluding prices of goods that are
"want independent".

(2) Since the demand relationships derived above displays the

absence of money illusion, relative prices and real income

are the relevant variables. This justifies deflating
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monetary variables by a measure such as the consumer price
‘index to diffgrentia;e between a changelin price due to
"inflation versus a change in the relative price_whiéh is

economically relevant.

Consumer Response to Changing Relative Price

Consumer_respénse to changes in relative-prices of commoditiés
is composed of two effects. First, consumers respond to "pure" changes
in relative prices while holding purchasing power constant. 'As rela-
tive prices rise less of the good is purchased [2]. This is the
"first fundamental law of demand" and represents the substitution .
effect. Highef relative prices iﬁduce the consumer to search for
substitute commodity bundles composed of less of the higher priced
good. Second, a change in the pricg of a good, holding all othef
prices and nominal inctome comstant, causes the purchasing power of
the individuai to change. Higher relative. prices reduce the
opportunity set or real income facing each coﬁsumer. Again, the
consumer is forced to seek an alternative commodity bundle.

If the typical consumer responds to higher (lower) income
levels by purcbasing more (less) of the good, the income effect
reinforces the substitution effect and an inverse relationship
between quantity~cpnsumed and price must exist. "On the other haﬁd,

- if a consumer purchases more of a good as income falls, the income
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effect counters the negative substitution effect. Only if fhis'
opposite income effect is of sufficient‘magnitude to offset the
negative substitution effect could we observe a direct relationship

- between prices and quantity consumed. This would be a rare occurrence.

Price Elasticity‘of Demand

Consumer response to changing prices is measured by the price:.
elasticity of demand. Price elasticity is defined as the ratio of
the percentage change in quantity consumed to the percentage change

in relative price.

A -
. = Q _ A P
AP AP T Q

P

The elastiéity coefficient is a number independent of the unit of
measurement of either price or quantity. Generally, the value of the
elasticity changes along each point oﬁ the demand curve. Most
empirical studies measure elasticity at the mean value of each
variable.
The ﬁalue of the pricé elasticity coefficient for a normal good
ranges- from - « to 0. Three ranges have particular economic relevance.
(a) Values of e between 0 and —i are termed "inelastic"; When
elasticity falls in this range a change in price elicits
a less than proportional change in quantity consumed.

b)Y A value of ¢ =. -1 is called "unitary'" elasticity and




43
indicatgs proportional changes in both price and quantit&r
(c) A value of ¢ <.—l is called ﬁelastic" demand and implies.
| a greater than ﬁroportionai change in quantity donsuméd forA
a given price change.

In generai, the availability of close substitutes and the pr;—
portion of the budget spent on the -particular commodity determiﬁes‘ﬁhe
magnitude of the price elasticity offdeﬁaﬁd. Usually, a good Witﬁ a
greater number of acceptable substitutes will have a relatively

'higher elasticity since it is less éostly_for a consumer to search
for substitutes when a great numbér exist. The greater the proportion
of the‘budget épent on a-gqod, the greater the price elasticity of
demand. ‘- Generally, the greater the amount spent on a commoditf the
gréater the potentiai net gains from.searching for substitutes as
price rises. For those éoods comprising a small ﬁart of the budéét,
the cost of sgarching for a substitute may outweigh the potential’
benefits and consumers are likely to respond less to a given price
change. Also, income effects are greater when the commodity comprises
a large part of the.total budget.

A second fundamental law of consumer behavior theory is: 'The
price elasticity of demand for a good is more elastic in the long run
than in the short run" ij. Consumers ére generally unable 6r
unwilling t6 réqund immédiately of'fully to changing market conditions.

This is the result of habit formation by consumers and a lack of
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immediate market information. This implies ultimate consumer
respénsé is-distributed over several tiﬁé periods'after the initial
price disturbance. Chaﬁter 3 will fully develop this "distributed

iag" concept.

Price Elasticity and Producer Revenue

The total revenue earned by a producér‘or processof is closel§
related to the manner in which consumers react to changing market
conditions. ‘When price changes, there are two counteracting forces
affecting processor revenue.

(1) As price rises, consumers respond by purchasing less of
the 'good. This represents a reduction in total ?evenue
to the processor. |

(2) As price rises, each unit of commodity sold by the
processor becoﬁes-more valuable or inc;eases total revenue.

Which of these forces dominates determinés whether total revenue
increases, decreases or rgmains the same when price changes.
Mathematically, we may reiate the change in total revenue to given
price changes in the following manner:

8(Total revenue)
8 (Price)

= Q1 + &)

where Q is the quantity consumed and e is the price elasticity of
demand. Thus, if the price elasticity is unitary, total revenues

‘remain unchanged since a price rise leads consumers to reduce
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consumption'prqportionately. .When demand is elastic (i.e., less fhan
'-1). the loss from reduced consumptipn is greater than the increase
from the fer unit price rise and total refenue falls as price per unit
rises. Fof inelastic demand, consumers respond less than prdportion—
ately to changing price, therefore, total revenue inc;eéses with per

unit price increases.

Demand at the Farm Level

The demand for fluid milk at the farm level is a derived demand.
That is, the demand for raw milk from the producer is derived from the
demand for fluid milk at the retail level [8]. The same factors that
affect p;icg elasticity at the retail level affect elasticity at the
farm level. Howevér, at the farm level an additionai_factor, the
size aﬁd stabiiity of thé marketing margin, is an important deter-
minant of price response.

In markets such as that for fluid milk where the farm to retail
marketing margin is constant, farm price elasticity is easily measur-
able from the statistical analysis of the retail demand relationship.
In such a market tﬁe priméry (or retail) demand curve and the derived
(farm level) demand cur&e will be parallel. At any given quantity of
fluid wilk consumption the distance between the curves is the

marketing margin. This relationship is shown in Figure 2.
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i:;<f,_——Markoting Margin

etail demand

Farm
demand

Quantity per unit of time

Figure 2. Demand at the Retail and
Farm Levels With Constant
Absolute Marketing Margins
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It may be shown that with a constanﬁ absolute marketing margin

the following relatioﬁship between retail and farm level elasticity
holds’

E. = Er.(Pf/.Pr)

Where'_Ef

elasticity at the retail level; and‘(Pf/Pr) is the ratiohof farm to

is the price elasticity-at the farm 1evel;'Er is price

retail price.

Since P_ is less than Pr’ elasticity at the farm level will be

f
less than elasticity at ‘the retail level.

In the long run, assuming perfect competition and no excess
profits in either the primary or farm level market, the relationship

between primary-demana and derived demand depends on whether the

industry is subject to constant, increasing or decreasing cost.

Response to Changing Income Levels

Consumers may respond in one of three w;ys to changing income-
levéls._ For "normal goods‘consumpfion increases as inéSmé rises.
CIf consumption.reﬁains unchanged after_inﬁome:rises fhe good'is

"incoﬁe neutral." TIf consumption decreases as income rises the
‘good is termed "inferior." The magﬁitude of respdnse‘is.meaéure&;ﬁy
tﬁe income‘elasticity,ébefficient. Normallgoqu have an incope,
elasticity greater than 0 While inferidr goodsihavé ﬁegafive'iﬁcome

elasticity.
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All‘goodstcan be normal but it is not pqgsiBlelfor all goods tp
‘be inferior;f This is reédily observed from the'following relation~

) ship derived from the definition of fncome elasticity:

Wﬁere‘ui is the proportion pf“thé'budgey spent on each goo& énd ni'is-
the income elasticity of each commqaity purchésed.. Froﬁ fhis.;eiatioﬁ~
ship we note, iﬁ geﬁerai, goods comprisiﬂg a large ﬁortion”bf the .
éonsumer's budget:such as.dairy ﬁrodpcts are likely fd.possess income
elasticitiesyWhich are small. It is glso possible for a gqod to be.‘
norﬁal.for a relatiﬁely low income level and infefior at -some higher

level.

Applications of the.Theéry
. There -are égveral difficulties.enco;ntered in applying £he>theory
of consumer démaﬁd to empirical studies: ’
(1) Since it is impoésible to statistically estimate demand
| fuﬁcfions containing all pripés found in the budget of
an individual it is neceséary to abstract'from reality.
ihe model which is developed is not able, mor is it
infe;ded, to predict ﬁoﬁsuﬁer response. exactly. it'is
"mefe1§.an approximation of what we beliéve to be |

economic reality. -
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(2) ihe theofetigal framework whiéh has Been deﬁeldﬁed is

for an iﬁdiﬁiéual or'”tyﬁicai" conéumér, Aﬁore génefally,,
‘howévef{ we are intérested in tﬁé mgrké£ or,theléggrega;e
" demand of all ‘consumers for‘a_pérticuiar commodigy.'

In theory, we are able to combipe fHe demand sqhedule of every.
iadividual byxadd;ng the total duantity;démanded at eaéh'pficé and
obtaining the.m;rket.Aemaﬁd schedu;é, Howévgr,‘it is imppssﬁblénfo
estimate the deménq for each individual in the market. Wé,musf rely
on gggregate data for those-variables such as quantity consuﬁed and
income which are different fér each consumer. Since each fndividual
possesses a differénp ;tility function which cannot be_agg?égated into
a "market utility-fuanion", the statisticai.model‘is not stricfly
based on economic £heory. For example,‘the market'demand.for goods
may depeqd not only~on income level.but also on tﬂe manner in which
income is distributed. While a chaﬁge in~the disfribution éf ihcomé
ma& shift thg markef démand curve, the use of aggregate data does not
- permit the detection of the.shift.‘ The reésults obtained from the
use of aggregate data may be biésed.ana tﬁis possibility'sﬁouid_be

recognized.

Summary
.The theory of demand developed in this chapter, along with a

knowledge of the dairy industry,. presents a thebretiéal_justification
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for those variables expected to be important determinants éf the
level of milk conéumption in Mon£ana. Based upon economic theofy,r
an inverse relationship between the relative price of milk and total
consumption is expected. Since few Elose substitutes for flﬁid milk
exist, it‘is:likély‘the price elasticity is sﬁali in the short run
‘and greater iﬁ tﬁe long rum.

Prior studies suggest that income would-be expected to have a
?Qsitive effect on consumption. The income elasticity may be of small
magnitude sincé-milk products do compri;e a relatively iargé share of
consumer expenditure. Several socioeconomic factors-may also be

important such as season of the year, rural~urban composition, -

population, family composition and age distribution.




Chapter 3
THE STATISTICAL MODEL

.Thé purpose ofithis chapter is to’butling staﬁistical‘and
econoﬁefric procédures whicﬁ aﬁpearﬁto be abpropriate forvobtéininé‘:
empiricallestimates'of @onsumer response in the fluid milk market.
The role of demand theory de&eloped in‘Chaptér 2 compiiﬁents'the
statiétical method. A_giVen data base may havé a multitude of

Statistical'explanations. Yet, orly the statistical results based

on sound economic principles are relevant.

The statiéticai Demand Relétionship

.The statistical model‘repregenting.the fluid_milk demaﬁa
structure is assuﬁed to be [17] | |
= ‘ K ,

S e T

Wherg qg is the ioﬁg rﬁn equilibriumvlevél of flpid milk’qpnéumed
and Xit reﬁ?esenfé the ‘value of the'iFh explanafory in time.period
"t". The set of e#planatory Variébies'(xl,ﬂ.., Xﬁ)'afe the ecqnpmic
and socioeconomic factors believed to'determiﬁe ﬁhg quantity of fluid
milk consumed in any'time period. The vector of Bi's respresep;s'the
parameters un@érlying‘the statistical :e1ationship. Eaéh Bi.deséribes
the"marginél effedp of a'smallichangé in the iFh éxp}anatory Variagle

on q?e The error term, et, accounts for the stochastic nature of the
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empirical demand relationship.

Thé disturbance term e ig assumed to possess tﬁe fgllowing-',
properties;:

E(e,) = 0 . (all i)

E.(_eiej) =0 (i#3)

Be,’) = ¢ (all %)
The nature of the stochastic error term implies the lohg-run demand
functionvdoes nof hold exactly each period. The dis;urbgnce térm
accounts for such factors as errors in measurement of the quantity
of fluid miik consumed and unobservable factors which méy affecf
consumption.

The variable q? may be interpreted as the quantity éf fluid milk
that would be consumed if all factors were to remain unchanged for a
sufficient time ﬁeriod. However, most market factors do not remain
cbnstant over time. Consumers develop habit patterns that change
-;lowlf. As a résult, consumers are unable or unwiiling to a&just
immediately as market factors change, Consequentiy, q?, the long run
equilibrium, is not readily observable.

It is assumed that consumers édjust to changing conditions in a
systematic manﬁer. The actual change in consumption between‘periods
is assumed to be a propértion of the diffe?enéé between the long run
desired level and the quantity consumed lasf'period.‘ This adjustment.

mechanism is a behavioral relétionship described by the following
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diffefence equation:
2) QG = Gpog = olaf — 41+

The quantity (qt -4y

) is.tﬁe ofserved,éhange in the qﬁantity

consumed between time period t and t-1, Thé‘adjuétment parameter d‘

is assumed to possess é positive valge less than unity. This adjust-
_meﬁt mechanism implies consumers adjust.rvapidly When.& is near 1 and

slowly for valﬁes of o near d.

The adjustment mechanism is stochastic.‘The error t_erm'Ut is
assumed to possess the classical properties of zero mean and constant
variance. Thus, the process of adjustment outlined above may.not-hoid'.
exactiy,each period, ‘but deviations from the theoretical aajustﬁent
pattern are'éssumed to average to 0 over time.

Solving the difference equation (2) for qg yields

(3) q? = qt/a - [(lfa)/a]qt_l —Ut /a

- The unobservable quantity qi is eliminated upon substitution of equa-
tion (3) into the long run demand function (1). The demand function
s transformed into

%) q, = o8, + o iEl B, Xt (- a)qt_l‘-!- U, + e,

"which can be diréctly estimated. This procedure provides a theoretical
justification for including the lagged value of the dependent variable
as an additional. explanatory variable in order to eliminate the

.unobservable long run equilibtrium quantity and to.captufe the habit
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persistence or inertia effects of consumer behavior. .The.demand
relationship is now dynamic as represented by the 1lst order difference

equation (4).

Some Statistical Considerations

(A) A classical assumption of the standard reéreséion model is
that all explanatory variables are nons£ochastic. "Inclusion of lagged
vglues df the dependepf variable introduges random elemepts into the
data matrix in'violation of the classical assumptions [23].

(B) The parameter estimate of o must be positive and less than
one. Violation of'thié assumption implies the difference equation (4)
is unstable since the variance of 9; increases With the sample size
[23].

The disturbance ferm of equation (4) is uncorrelated with ghe
lagged dependent variable since q_q depends on @_1> v 58y but not
on e£. In the absence of autocorrelation, ordinary 1éast squares
estimation provides consistent parameter estimates and we could proceed
as usual providéd the sample size is large [23].

However, the ﬁurbaﬁ—Watson statistic is asymptotically biased
when thg légged dependent variable is treated as an ofdinéry'explapa—
tory variable. Hence, this statistic may not héve the-"poﬁer"'to
. detect autocorrelation among the successive error terms. Inélusion
of the laggéd dependent variable with autocorrelation améng'thé

disturbances results in inconsistent estimates since qt 1 and
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ét are then correlated. -
If each (1) and (2).afe redefined with E(qi) and E(qt~i)-replacing
qﬁ and Qpi> then the f#nalKequation replacing (4) is

%) E(qt) = aBO + aiiisi Xit’+ (1—a)E(qt_1),

This approach implies that the mathematical relationships (1) and (2)
are more nearly‘valid whén,qﬁ and q, are defined with the "statistical
errors" removed from them. The ultimate considerétion is what
constitutes these 'statistical errors" e, and Ut which are priﬁarily
"jgnorance terms' in our empirical model with aggregate data. The
operational model is obtained by adding an "ignorance term'" to @)~
above where q; = E(qtj f ~
Then one'can also directly interpret (4)° witﬁéut any motivation-
for its éxistence except a distributed lagged response with respect
to the variable. Substitution of the expecfation of the lagged
‘dependent variable for the actual lagged value introduced nonlinearity
among the parameters of the statistical model. Using only one -
independent variable for simplification, the statistical model now

becomes

(i) q 3O+ BXt +_)\[E(qt_‘1)] + v,

Replacing the expectation by

E[qtal]-= B, FBX ¢ F AE(qt_z)

makes apparent the intrinsically nonlinear relationship among the
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pargmeters; |

Estimatiéﬁ using ordinary least squares is no longer pqssible. 1t
is therefore necéssary'to.employ a nonlinear estimation pfocedure. 'ﬁor
thig purpose, maximum likelihood estimates may be obtained usiné
nonlinear - least squares estimation [12]. "It may be shown tha£ under .
general conditions the maximum likelihood estimaéor is comsistent,
asymptotically efficient and asymptotically normal [23].

The fofmulation of (i) implies a geometric distributed lag has
been imposed upon all explanatéry variables. Successive substitution
of E(qt—i) for each prior period results in

+ .. + v

cry o = 2
(A1) q = all + 2+ 2%+ o)+ BE + AX__ ‘

2
+ATK

1
which impliés observed consumptien this pefiod is a weighted linear
combination of all explanatory variables over all prier periods.

If a permanent (one time) change in a variable such as price
occurred while all ofher variables remained constant, equation (ii)
suggests quantity consumed in the first time period would change by

B(AP)
In period (t + 1) quantity consumed would change by
B(AP) (1+1). |
The total or "long run" consumer response would be

B(AP) (1 4+ + A2 + ...).

The long run price elasticity suggested by this formulation of
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the statistical model is:
Ep = 'i_ﬁT (/)
The long run elasticity, gvaluated at the sample means, is fqund Ey
dividing the parameter est;mate of pfice by one ﬁinus the parameter
estimate df‘the'expectétion of the lagged dependent variable and
mgltiplying this quantity by the ratio of the meén valuéé-of price

and quantity consumed.

"Hypothesis Tests .

Tests of significanceyon the estimated parameters may be per-
formed provided the sample is of sufficient size. Asymptotic vériances
of the estimators may be obtained from the diagonal elements of the
inverse of the information matri%. Standard, single parameter
hypotheses ﬁests ﬁay be performed using a '"t" statiétic since the
parameter estimates are distributed asymptotically normal. It shduld
be noted that the test statistic is only approxiﬁately distributed
as a "tf distribution since tﬁé linear approximatioﬁs db_nof estimate
the nonlineér‘relationships'among the parameters exactly and bécause

sample size is not .infinite.

Properties of the Estimators with Serially Correlated Disturbances’
It may be shown that when the disturbances are serially corre-
lated the estimators are consistent but no longer asymptotically

efficient. Confidence intervals and hypothesis tests conducted with
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inefficient estimatoré yield biased results when the usuai parameperl"
covariance matfik~is:assumed. |

Some desirable 1§rge sample properties ﬁay be regained by
estimating the autocorrelation parameters and tfansforming the
modgl. it.is 535umed the disturbances are generated in the following
manner

u, = plgt_1”+ Doy o+ ees top u. + e

where pl,.... > P are thé coefficients-bf au;oco?rélation and e
possesses the classical propertiés.

The' general proéedﬁre is outlined below wiﬁﬂ only oné indépen&eht
variable and first order autoeqrrelation -

(5)- qt'f o + BXt + Ut

6) q,_; =a+ B:til U
Equation (5) represents the model thé'curréht period and equation (6)
represeﬂts the model the pribr period. Multiplying (6) b& p and
subtracting from (5) yields

()" ay - pa_y = all-p) + B, = pX, ) + (a, = pu, )
which reduces to '

g, ® o(l-p) + BX - pX 1) +opq 4 e
In the more general case of an nth order autocbrrelatioq, the

transformation becomes
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n

n ‘ . n ) T
(®) a:= T (pyap g) =oall-Z p,) + X -2 (o X ]+ e
Co i i=i. i=]1 i=1 .

The disturbance term of the transformed model (8) posseséés the
classical properties{ Thus, the estimates of the parameters will be

.consistent and 'asymptotically equivélent to the best-linear-unbiased

. estimato:sh [12].
| o ) -

Autocorrelation'also int;oducéé_noniiﬁeéfity into the fegréssion
.model.' Maximum,likelihood estimatesil of the autocorreiation
‘parameters may'be obtained ﬁsing an iteratiﬁe téehnique [1;]. ~Thié
pfocedure introduces several statistical complicatiohs:

1) Two dégfees 6f freedom ére_lqsf for each‘autacorteiétiﬁn
parameter estiﬁated. One'degfee of -freedom 1is lost‘in'the aCtuglr
estimati&n of pi and anqthgf:due to ; lost observgtion in‘Fhe
tfansformation.process.‘ This presénts.difficulties if'the_sample

V ,sizelis small and if a higﬁ degfee'df éutqcorrelatioﬁ is énqounteredb
k ) _ . (2)‘-The‘swall sample properFies of magimum.likelihoad estimatd;s
are not.geﬁeraliy knowq.'

(3) Equétion (8) 5ecome5~anlﬁth order difference equation with
the order determiped byvthe degree of autocorrélétiéni "For ‘the
solution of the Qifference equation fo be stable it is necéésary for

the n roots of the characteristic equation to be less than omne in

-~/See'Appendik A fpr'thié maximum’likelibood estimation procedure. '
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absolute valué.’;

TésfinglthejStability of HigH.O?ﬁer.Différence ﬁquatiéné

It is oftéﬁ difficuit,to'determine the roots oﬁﬁéhé’chaﬁacéer—':
istic'eqﬁation when the difference equétioﬁ exceeds third ;fdérf
‘This:ié éometiﬁeéVtHe cése ﬁhep,a high order of aupoc&rrélatioﬁ.
necessitatgé franéfqrming‘the ériéinal:stéfistical modei_such as in
'eqdétion'(B). Howévér,'it is stili quite easy to test for s%ability -
(even if the:roots are unknown). usihg the ”Schur-theonum"‘lé]} 'ihis'
procedure is outlined below. |

"The roots~of'the th degreevpolyﬁomial equation

n n-1 e :
ab” + ab + ...+ an_%b ta =0

will all be less than unity if "and only if the
following n determinants are all positive."

|
a8, | 8n,
A = - — > 0
.0 i
a .
n oy ao.
y |
a 0 : a ang
a a | O a
N 1 O[‘ n . . 0
A, = —— e - L— >
1 ! :
. ay 0 l a, a1
. | ’
; a,_1 ar‘1 | 0 a,
. !
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|
. a O .o 0
3 o t %n Paal i)
: a; B 0 | 8. **-a
N SR Tl el
. an_l an—z. -ao I 0 0 ...-an
|
¢ | e e e e > 50}
An = ;
a, O sisie 1O : a, 8y Foplang
%n—l o oy 9 | 9 U ap-2
: s R e : St
al az-...'an: 0 0...-.'30

If each determinant possesses a value greater than 0, both the

necessary and sufficient conditions for convergence will be satisfied,

Summary
Using the expectation of the lagged dependent variable in
dynamic regressions eliminates the random element from the systematic
part of the regression equation. The assumed form of the adjustment
mechanism using the expectation is no more arbitrary than using the
actual lagged value and has consistently displayed better explanatory

power in the empirical results.

However, nonlinearity is introduced into the model but presents
no major obstacle to estimating the parameters. Maximum likelihood
estimation using nonlinear least squares provides desirable asymptotic

properties of the estimators when the stochastic disturbance term
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meets the classical assumptions.
_Autocorfelation parameters may be estimated and tested for
significance. 'When significant éutocofrelation exists, the régression“

equation may be transformed and the classical properties of the

disturbance terms regained.




Chapter 4
STATISTICAL RESULTS AND ECONOMIC CONCLUSIONS

Tﬁis chapter summarizes the results of the étatistical analysis.
A éingle equafion model estimated by nonlinear least squares was
utilized. It was assumed that supply and demand functions %6r'f1uid'
milk in Montana are independént. Itvwas postulated that consumers
base their decisions on pricg the preceding and earlier.periods.
Since prices of fluid milk products were administered at both.the

farm and resale levels during the period of the analysis, it was

tpossiblé to treat this variable as a nonstochastic explanatory
variable. These assumptions imply the supply and &emand-sectprs of’

~the fluid milk market are represented by a system of recursive

equations.

An aggregate model was chosen which incorporated population

explicitly as an exogenous variable as opposed to development of a

per capita consumption model. This formulation allowed population

to be partioned into two age groups that were permitted to interact

with income.

The Statistical Model

The following is the statistical model developed for this

study
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A = By + ByXye ¥ BB(X?t.X3t) + B, () By (Kar Xyp) + By )

+ B,(QL) + 85(Q2) +89(Q3) + A (E(q._;)) +e

where

q =

t.

Xlt'=

X

2t =

X3t =

Xy =

t,

observed consumption in class I milk in period t (in units
of 10,000 pounds),

1
adjusted order price per half-gallon whole milk (cents),—/
total disposable income in period-t (real income in millioms
of dollars),l/ :

total population 18 years old and younger,

total population over ‘18 years old,

XS(t—l) = adjusted price paid to manﬁfacturers for non-fat dry

1

Q

Q, =

0 =

Bl

milk, lagged one time period (in cents per pound),;/
binary variable representing the first calendar quafter
(1 1f 1st quartér; 0 otherwise),
binary vafiable representing the second calendar quarter
(1 if 2nd quarter; 0 otherwise),
binary variable representing the third calendar quarter
(i if 3rd quartér; 0 o;hefwise), and

1) = expectation of the lagged dependent variable.

1/

— Monetary variables adjusted using consumer price index (1967 = 100).
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Total Class 1 Utiligation

Total consumption‘of fluid milk in Montana is not directly
observable at the retail level. However, it is possible to construct
a relatively close préxy to actual consumption by using the qngptiﬁy
of fluid milk utilized in Class I products.

Monthly Class I utilization, Ffor the period January 1964 to
ﬁécembér 1976, obtained from thg-official‘fecords of the Montana Miik‘
Control Division,.was aggregated to quarterly quantities in.units of'
ten tﬁousandlpound33 This data is available sincé state law requires
dairy processors to account for all milk purchased from producers.
However, only an approximation to actual‘utilization is available for
several reasons. TFirst, tﬁe quantity of milk exported from Montana
as Class I products has only been recorded since 1967. Howevér, up
until 1975 net imports had been relatively constant and represented
about 4 percent.of total consumption.

Data on Class I utilization from processor owned hérds and
producer/distributors was not available on a monthly basis. This
utilization from independent producers,accounting for 94 percent of
actual ufilization, Qas available for analysié'on a quarterly basis.
Since the utilization from net imports, producer/distributors and
processor owned herds has fluctuated only slightly over the period-

of analysis the parameter estimates should not be greatly affected
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by its exblusion,l It can be shown that if this.unQBservable.quantity
ﬁas ekactly constant over the period of the analysis the parameter

' o S
‘estimates (with the excepfion of the intercept) would not be affected
at all. Thus, the s;atistiéal estimates should not be'éeQerly
distorted By the unayailable data on consumption. We might expecf
the coefficient of determination to be loﬁer,'howéver, sincé the
measurement error ip the dependent variable will increase the

unexplained variation somewhat.

Retail Price

Thére was-no single retail price f&r Clasé~1‘products‘in Montana
over the period of this analysis. A.vector of p;icés existed Eovéringl
each product and container size. The largest single'produét,utiliza—
tion in the Class I grbup during this ﬁeriod was whéle milk (homogen-
ized and/or pasturized milk festing not leés than 3.25 percént.butter
fat). It was also known that thé majority of con8umers:purchased
wholé milk in one-half gallon containers. Thus, the retail price of
one~-half gallon whole milk was believed to acéurétely:reflect the
price facing fhe typical consume?} The order pfice of whole milk
in one-half gailon containers reported by the Montana Milk Control
Division was uséd to represent the entire Class I pricé vector.

While a weighted average price combining Qach Class.I product would

have been preferable theoretically, date limitations made its
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cénstruétioﬁ‘impoééiﬁle.

Tﬁére has Beeﬁ no fetail priceHcémbetition in the &airy'
indust;y:iﬁ Montané sinée price regulation was_%ntfoduced. The
'Montana Milk Control_Béard set tﬁe minimum order priée,cha¥ged to
éopsﬁmérs,>and historically, this leéél minimum became the effecﬁive
retail.pricg, The-order price correspon&s clesely to the aétual
market price dgring the period of'fhe study.' During the time ﬁeriod
when regional pricing was in effect, tﬁé price beiievéd‘tq ﬁave been
charged most eonsumeréﬂwas used. This prgsgnted no particular problen
since regional priges géngrally varied by a smgli differepfial.

Refail ﬁilk price waé,defléted by the consumergpriqe index to’
diétinguiéh between price changes due fpfincreasés in the geﬂerél
price;level'and_chénges in relative prices. ihe adjﬁsted rgtaillprice
of whole milk per half gallon, measﬁred in 1967 AOllars, foée from
a minimum value of 50¢ per half gallon_in 4th'quar£er 1972 to a high
vaiue of'57é in 3rd quarter 1974. During this same period, the unad-
justed price rése.frpm 63¢ per half ga}lon'to 85¢ per half gallﬁn.
The rapid milk price Increases of the 1970's pfovided the price
.Yariatioﬁ ﬁecessary tozstatistically estimate consuﬁefireae;ibn tdf

- changing p}ige‘leﬁels,

Income

Three alternative measures of income, all adjusted by the
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Y

consumer price.index,,weré utilized touestimate the demand reiatioq— :
ship: Total disposable income, total personal inéome, total nonffarﬁ
incomé. Yeafly income wvalues in millions of dollars we?e obtained
from the Survey of Current Business [22] and translated to quarterly
values by linear interpolation.. Total disposable income was believed
to be the income measure with the greatest economic relévance since
it repéesented'the actual income availaﬁle fof the purchase of goods
and services. Total pefsonal inceme was included as an alterﬁatibé
measure. |

Aggregate consumer response to changing-nén—farm income was also
investigated. Since Montana is an agricﬁlturally oriented state with
a large rural population, which probably consumes less milk at the
retail level, it was possible that the farm income component of total
personal income (approximately 11 percent in 1969) unduly biased the
statistical estimate of fhe incpme elasticity. It was believed use of
non-farm income might present a clearer insight to consumer income
response.

It was also believed that response of the typicai cénsuming
family to changiﬁg-income levels Was‘intimately related to the
. composi£ion of the faﬁily.‘ This hypothesis is supportea by prjor
studies [3, 4, 24]. It .was hypothesized that families composed of

younger family members (defined as 18 years old or younger) would on
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average consume more milk as income increased than would families with
an older ége distribution. This hypothesis‘was testing using inter-
"actions between disposable income and two variables comstructed by
bartioning total population into groups 18 years of age and less and

over 18 years of age.

Adjusted Dry Milk Price .

The closest dairy substitute for fluid milk is noﬁ fat dry milk.
An increase in the relative price of fluid.milk is expected to induce
some consumers to enter the dry milk market and conversely, an
increase in the real price qf dry milk should increase the consumption
of fluid milk.

The cross price effects between fluid consumption and dry milk
price ideally require actual retail price of dry milk. Rowever, this
data was unobservable due to lack of adeqﬁate historical data and
-because of price variation between brands and regions. Thus, the
price per pound received by manufacturefs of non fat dry_milk was
used as a proxy for retail dry milk price. The manufacturing-price
differed froﬁ the retail price by the marketing margin and trans-
pprtation cost which were assumed to be constant p?er the period of
the study. Dry milk price at the manufacturing level was also
deflated by the CPI and lagged one time period (3 months) to

account for the time required for dry milk to reach the retail market.
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“The cross—brice response hetween fluid milk and_non+dairy
substitutes such as éoffee and carbonated beverages was not investi-
gated due'to a lack of_adeqpate data. Thoughbsome prior studies.
have shown a.substitqfion‘effect to exist [4], it waé not believed
to be.of signifiéant maénitude to cause seriqus distortions iIn the

statistical results.

Population

The level of populatién is an important determinant of total
quantity of fluid milk consumed. Equally important, however, may be
the age s£ructufe of papulation in that we would exﬁect an older
population to consume 1eés fluid milk than a younger'popuiation. In
part this is‘due to thé beneficial. dietetic attributés of milk in.
the growth process of‘yougger chiidren and the héa}th wafniﬁgs
regarding consumption By older adults (as well as changes in'taStes
and prefgrences associated with changing age).

Annual population.estimates were obtained from'thé Department of
Commerce, Bureau of the. Census, Series P-25 [19] and'lineérly inter-
polated to quarterly values. To capture changes in the structure
of the population, total population was partitioned into two age

classes as detailed under the description of the income variable

abovye.
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Seasonal Effects on Milk Consumption

Possible seasonal effeéts on milk consumption.were anglyzéd by
incorpdrating binary vqriablés intoithe statistiéal model. Two
alternative seasonal formulations were tested:

(15 It was hypothesized the seasonal effects shifted the

intercept of ‘the stgtistical modgl only while the slope‘
(i.e., price parameter) remained unchanged.
(2) It was hypothesized the seasonal effects changed the
slope parameter oﬁ,price while the.intercept remained
qnchanged!' |
Procedures outlined in Kmenta [12] were used to test tﬁese hypotheses.

Hypothesis 1 was tested by adding three additional explapatory
Variables in the model in such a manner that each seasonal variable
was valued at 1 for the months associated with its respective quarter.
The fourth quarfer was used as a base period to détefmine if statis~
tically significant differences in milk consumption existed between
. quarters.

\ .

Hypothesis 2 was tested by interacting retail milk price in each
quarter with the binar& variables described above. WNo significanﬁ
diffefences between seasonal variables were detected and .the hﬁmericai
results are not reported in this study. |

1

A third hypothesis that both the intercept and slope of'theh
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regression change each quarter could have been tested by partitioning
the sample into each quarter's observations and performing individuai
regressiéné on the four subsamﬁleé. However, the 1imited size of the

available data did not permit this approach to be utilized;g/

The Statistical Results

The parameter estimates and associated: statistical measures for

. the milk demand equation are given in Table 14.

Stability of. Model

Dynamic stability of the autoregressive error structure in the
statistical model was tested using-"Schur'é Theorem" described in
Chapter 3. The four determinants were evaluated using a computer
routine. In each case the value of the determinant was positive. It
can be concluded, based on this test, that the modgl is dynamically
stabhle. Appendix C summarizes the results of the applicatién of

"Schur's Theorem" to this statistical model.

ijhis formulation assumes the error variance is different for each

quarter's observation. Alternatively, a test of the same hypothesis
with the added assumption of homogeneous error variance could have
been performed By including both the seasonal dummies and the-
interaction of each dummy with the other independent variables in
the statistical model. :
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 ‘Table 14. Statistical Resultsé/
. L Parameter Standard Approximate

Variable Name ' Estimate. Error "t" Value

Intercept : | -1245.1 519.96 ~2.395
Adjusted retail price - 24,55 | 4.169 -5.889%
interaction: Youﬁg population o .
X total disposable income S .00344 .000544 - 6.324%

' 01d population '§.143° . 1.135 T 7.174%

Interacfion: old population '
X total disposable income -~.00314: .000313  ~10.032%
Dry milk price t-1 ©1.487 . 3961 3,754%
Binary Variable ist Quarter 86.36 106.34 A . .812

" Binary Variable 2nd Quarter -173.32 . 82.19.°  ©<2.109%
Binary Variable 3rd Quarter 132.53  .109.86  ° .1.206
Expectation of the laggéd. ~ :
dependent wvariable o ' .8723 *.0382 22 .84%

" 1st Order serial correlation . J

- parameter ‘ " ~.4695 .1490 -3.151%
2nd Order serial correlation -
parameter ' -, 4604 L1424 .=3.233%
3rd Order serial corrélation ) -
parameter ‘ ~.5462 . W1424 -3.836%*
4th Order serial correlation _ o :
parameter i ' ~.3340 . .1490 ~2.242%
Adjusted Multiple R-Squared 5975

Standard Error of Estimate 122.8986

*Significant at the 95 percent level. _
3/For reader convenience the partial derivatives of censumption with
respect to old population and income are reported in text of chapter.
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Consumer Response to Changing Price

Consumers appeared.té respond strongly tb‘changiﬁg price levels
in the fluid milk market. The size.of the estimaféd pricé coefficient
and its aésocigted "t" statistic (~5.889) indicafed a strong inverse
.relationship between relative price and quaptity_df milk cdnsumedl
In the short run (a time period less than three months) a 10 percent
increase in retail milk'price decreased quantity consumed by 3.3
percent, all other variables congtant. The short run price elasticity
of ~.33 was slightly greater than several recent studies indicated
[3, 4]. However, it was ﬂearly identical to the elasticity estimafed
by George and King [10]. This value does notAseem unreasonable based
on prior studies. |

An'approximate 95 percent confidenqe interval (see Appendix B)
of ~.22 and -.44 was also computed for the short run elasticity.

The-point estimate of the long run price elésticity was f2;58-
(If price changes by 10 percent while all other factors remain.
constant, quantity consumed will fall nearly 26 percent in the long
run after all adjustmenfs are completed.) This elasticity measure
was considerablyvgreatér than other studies had reported. However,
an approximate 95 percent confidence interval (calculated in Appendix
.B) around the long run elasticity (—4.29 to -.87) did bracket the

point estimate of -1.62 by Babb and Boehm [4]. It appears consumers
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. ultimateh7TESP°nd to changing price with greater than proporfional
changes in the consumption of fluid milk after total adjustment has
been realized. | R
The wide confidence interval on the long run price elasticity
indicates rather imprecise estimation. While it ﬁay be concluded
with somé degree of confidence that demand is price elastic in'tﬁe
long run, the actual magnitude of consumer respbnse-may not have been
accuratel& estimated.
It should be emphasized that the interval estimate of the long
rﬁn eiasticity is only an approximgtion. Since the long run elasticity
is nonlinear in the parameter estimates, it is necessafy to obtain a
linear approximation via a Taylor series expansion (see Appendix B).
As a result, the accuracy of the interval estimate is conditional upon
the accurac§ of this linearization technique. Since the Taylor
expansién is only approximately normally distfibuted (and only in
large samples because the maximum likelihood estimates are asymptotic-
ally normal),use of the "t" distribution in inter&al estimation
may introduée further distortion of the interval estim;tes. The
magnitude of this potential distortion and its effect on the interval
estimate is impossible to determine.
.The ultimate consumer response appe;red to be distributed over a

lengthy time period. Given a permanent one time price change, (AP),
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_éhe seduence‘df adjpstﬁent‘which Would_bécﬁr,lassﬁming all ofhe;
.factors remain gonétant, ié ﬁortrayed in Table 15. Most consumer
response would be combléted in a.thrée t;-four year pefiéd (12 to 16
time periods of tﬁe quérferly mgdel) and two—thirds of the adjgstment
is completed after .two years. Thérefore, three to four &ears-might

be considered the'long run for ﬁolicy decisions based upon the

results of this~analyéis; One year might be called aﬁ intermédiate.
run sfnce‘abopt 50 percent of‘thé total adjustment_ié éccounted for.

in a yéap, The lengthy period of adﬁustment suggested by the results
of the analysis_wgs unegﬁected, Consgmers would be expeéted to feaqt-
quickly in markets for perishable comﬁéditigs such as flﬁid milk'whefe'
purchases are made frequently. The sSame factér that caused the inger—
val estimate to be so wide probébly accounts for this_leﬁgthy'
adjustment‘(i.e.{ imprecise estimation of A). Most factors will cha&ge
before total adjustment occurs. Therefore, the process of adjustﬁept

outlined above is a theoretical chain of actions that is unlikely fo_

actually be obéerved.é/-

Dynamic Elasticity

A concept similar to .analysis of the time path of quantity

4/

— Many alternative lag structures were tested on the price variable,
however, no significant relationships were discovered.
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_Tablellé

Rate of Adjustment Over Time .

Number of Quarters’ Actual adjustment Percent ©

f ultimate

S%nce ipi;ial price . co?plet?d'siﬁce in:itial5 ?djugtwent ?ince.init—[
disturbance __price disturbance -~ fal price disturbance—
1 (immediate adj#sfment) (aP) (B) o h - 13%
2 TR ® A+ ) S 2uy
3 @B+ A+ A2) ©34%
4 ' R E) @ + A2 +3) 427
5 ' 50%
6 57%
7 '_A ' : \ 62%
8 67%

o _(ultimaté-adjustment) (AP (BY (1 +

A+A2+ L) =

@weye '
(1-2) : lOOZ

é-/’)\‘equals .87 (see Table 14).

é-/The percentage of adjustment.completed.is.found in the following

-manner:

actual adjustment completed

- 4 adjustment =

total ultimate adjustment

Therefore in the immediate time period (l)

_(P)(B)

% adjustment =. (AP)(B) =
R (1-2)

(1 -2) or 13% (éincé A

= .87).
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adjustment is that of-”&ynamic elasticity." As noted in Chapter 2
demand becomes more elastic with increasing increﬁents of timé. As
a result, the price ela;ticity of demand also increases in absolute
‘value as time passes until the total potential adjustment is realized.
The dynamic nature of the elasticity may be gnalyzed as follows [see
18]. |

By definition a dynamic elasticity is given by

EP(T) - P _Qt+T - Q
Qt APt
‘'where: Qt+T - Qt is the adjustment in quantity of fluid milk consumed.

between the intial price disturbance at time (g) and  the
number of time periods in which adjustment has occurred (T)f
APt is the initial price disturbance, Price is assumed

to change by AP and remain at the new level'indefinitely.

| i

t is the ratio of the mean values of price and quantity

e

=l

t consumed over the period of the analysis,
T is the number of periods of adjustment.

Thus in the lst time period;

—

- P Q -Q
E o) = ‘iF t+1  “t
p Q, aP

However, Q is equal to (AP) (B) as shown in Table 16,

e~ U
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Thereforé,

@) @)
CE(L):

;Qt AP
P, .

= B
'Qt

which is the short run elasticity for period 1.

Taking T = 2,

P Q., -0
B, (2 = L

Q  bp

P ~ '
_ T _weyey am
| Q, AP

?t R
= — (B) (1+)

Qt '

Upon realization of the ultimate adjustment

P, (P B) (14024 ...)

lim Ep(T) = —
> o Q, AP
_ N g
Qt a -2

‘which is the "long rumn" price elasticity of demand .
Table 16 summarizes the time path of adjhstment of the dynamic

elasticity where:
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Table 16

Time Path of Dynamic Elasticity

Number of Quarters

Since Tnitial _ Adjustmeﬁt in Value of

Price Disturhance Quantity Consumed Dynamic Elasticity
1 (AP).(B) . ~:33
2 (APY () (1+0) -.61
3 (AP) (B) (11 + A2) ~.87
4 (AP) (B) (142 + A2+ 23) ~1.08
5 (APY (B) (1H+r + A%+ 23 + %) ~1.27
6 . ~1.44
7 ~1.58
8 . -1.72
- (6P) (B) ——r-mt

1 -2

~2.58
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ES(1)
p

=2:58

A
-.33
-, 20

Approximate
957 Confidence
Interval

time (T)

g

Figure 3. Adjustment of Dynamic Price Elasticity of

Demand with Approximate Confidence Interval
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B = ~24,55
A= .87
Pt/ Qt = 0.0;35

Thus, -based on this adjustment pattern, the price elasticity becomes
"elastic! within one year of an initial price disturbance if all other

factors remain constant during the same time period.

Estimated "Farm Level" Price Elasticity from "Retail" Data

It was possible to obtain estimates of "farm level" price
elasticity from the statistical results at tﬁe "retail lévelu As
was shown in. Chapter 2, the retail and farm demand curves will be
parallel when the marketing margin is contant.

The marketing margin existing in the 4th quarter 1976 was
'chosen since this was the most recent data available. Farm level

elasticity was based on the following formula:

P
= 1 ——f—-
r
where E. = "Farm" level price elasticity
E = Estimated "retail price elasticity
r (Measured at 4th quarter 1976 prices)

Pf = Farm level price of one-half gallon homogenized milk
Pr = Retail price of one-half gallon homogenized milk

E. = ~(.29) (41/86)




83
= -,14
Ef . .
Thus at the most recent levels of price and quantity, farm level

price elasticity is considerably less elastic than retail price

elasticity, viz,, one-~half as much.

Consumer Response to Changing Levels of Real Income

The response of consumers to changing income levels is difficult
to interpret from the results of this study. Table 17 spmﬁarizes the
values of\tﬁe parameter estimates, standard errors, t Qalues and the-
income elasticities measured at the mean values oflconsumption for
the various measures of income, TIn all cases'a signficant,-{nverse
relationship between inépme and consﬁmption was observed. These
findings conflict with most previous studies and prior expectations.

A possible explanation of these results may be found in the
interaction of income and the age structufe of the population.
Intuitively, a family's response to chaﬁging levels of income will
depend on the age structure of the family. Families composed of
younger members are likely to respond differently to changes 1in
lncome than wili families with an older age structure (this hypothesis
is supported by [4,24]). Specifically, a Famiiy with a number of
young chﬁldren is likely to incréése cqﬁsumption of fluid milk as
income increases much more than a family comprised mainly of adults.

It was not possible to ohserve the age structure of each family
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. Table 17-

Statistical Measures of the Relsdtionship Between -
Consumption of Fluid Milk and Income ’

. Parameter ‘Standard - T ~F © Income
Measure of Income Estimates " Error . Value Value . ElaStp
Total Disposable -0.6112 . .0576 ~ -10.61 -.29
Total Personal . - -0.5665: - .0659 - 8.60 . . ° ~-.31
Total Non Farm ~ -1.5829 C 2129 - 7.43 . -.76
Interactions: - 0.00344 ., - 000544 + 6.32
Young/Total e - , :

" Disposable I.ncome

01d/Total Dis- =0.00314 .000313 -10.13
posable ILncome ' ‘ ‘
Income effebtz/ . : . : .
of interactions -1.329 E - - 18.42  -,26
(population variable '
at means)
7/

—'The, partial derivative of consumption with respect to income using
the statistical model including interactions was computed as follows:

E(q) is the expected level of consumption

Py is population 18 years old and less

P is pppulatioh over 18 years old

Inc‘is total disposable income (im ‘real ferms)

The ﬁartial effect of a change in income measured at the mean .
values of P, P is given:
y' o
, S (E(q))
(1? §(Inc)
Where: _ _ _
Py is the average population under 18 years old (1964-1976)

= 8, (Py) + 8 (P
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ATable iZ,.Continued

PO is the average population over 18 years old (1964—1976)

Substituting statistical estimates for the parameters yields:

_%%I_r()%%_)_ L (.00344)(256.4) +_ (-.0034) (456.7)

it

~1.329
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purchasing qui& miik'products in Montana; However, a proxy to'this
relationship‘using iﬁferactions between real disposablé income and
pépulation géﬁe quite good results. ' The statiétical estimates of
the interaction péraﬁeters (By = ,00344 and‘B0 = ;.00314) ﬁere highly
significant with t values of 6.324 for the young/income intéractioﬁ
and —10;032 for the old/income interaction.. The positive estimate
“for the young/income interaction implies that as income increased,
given the average popqlation under 18 years of age, aggregate
cqnsumptioh of fluid milk products also increased. The negative para-
metef on;the old/income Interaction implies that as income increésed,
giyen the avérage population over 18 years old, fluid milk conéumption.'
decreased. .These results suggest that fluid milk products‘are.normal
goods for families comprised mainly of youhger members and inferior
goods for older‘individuals. |

As.(i) in Table 17 indicates, the overall change in aggfegate
consumption for changes in aggregate iﬁcome depends on thé relative
magnitudes of the population under 18 years old and over 18 years old.
The'neggtive valué of the partial income parameter i.e. %%%ﬁ%%l may_bé
.explained by the fact that nearly two-thirds of Montana's population
exceeds 18.yearS‘of age,

'Thus, it appears the negative aggregate income response measured
by disposable personal and non-farm income may have been the result

of two counteracting forces: as income increased (1) the proportion
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of the population under 18 years of age increased consﬁmption and .
(25 the broportion of the population over.l8 yvears decreased con-
sumption. This latter effect tended to dominate and, as a result, the
negative aggregate response to changing:inéome was observed.

The partial income effect was tested for significance in the
following manner. The statistical model was estimated with the
interéction terﬁs included and the residual sﬁm of squares computed.
The interaction terms were then excluded from the statistical model
and the residual sum of squares recomputed. An-'"F" statistic was

constructed as follows:

F = _SSEw_- SSEQ . n-k
SSEQR q
Where SSE@ = the residual sum of squares when the interaction terms are
omitted
SSEQ = the residual sum of squares when the interaction terms are

included
The hypotﬁesis that fprcome had no effect on consumption (i;e.
By = B, =‘0), was tested using a "F" test based bﬂ 2 and » degrees of
ffeedom in the numerator and denominator respectively. The'computéd
"F' value was 18.43 and implied a significant relationship existed
between aggrégate income and fluid milk consumption during the time

period of the analysis,

While the study suggests that fluid milk is a normal good for
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youhger individuals and igferior for older, this conclusion gdé% pe
considered carefully gde to thé naturé of the aggregate data utilized.
Relativelyvhigﬁfintergorrelations between variables were present. It
is.possible that a trend in the tastes of the older population could
easily be qonfopnéed with the response to income. Such a dbwnward

trend in milk consumption by adults could be associated with the

"cholesterol scare' created by the medical profession.

Adjusted Dry Milk Price

The parameter éstimate of.dry milk price lagged one time period
was significant. However, the magnitude of the cross.price elasticity
of +.1 indicates that while dry milk is a substitute for fluid miik
the cross substitution is quite weak. It appears that most consumers
in the fluid milk mgrket will réact to increasing fluid milk prices bf
generally reducing fluid milk consumption and/or substitution toinop—

8/

dairy products rather than substitution to dry milk.—

Serial Correlation

Significant 4th order serial correlation was estimated, however

§/This result was expected. The prior study by Thomas and Waananen
[24] showed that consumers viewed dry milk as inferior to fluid
products, Dry milk was generally evaluated with strong negative
feelings with respect to taste and other attributes. ’
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higher ordérs were not significant. This implies the stqchasfié‘
disturBanEes are generated in the following manner.

(11) e, =.—.4694et_ .46043et_2 —.5462et

~.3340e. , + U
t t

1 -3 -4
(.1490) | (.i424) | (.1424) (.1490)
Equation (ii) indicates that unusually -high (low) values of.
cénsumption up to one year ago'are likely to induce.unusually loﬁ
‘(high) levels 6f consumption this period. There is no particular
ecopomic explanation for this statistical result. I£ is possible that
A specification errors in the model due to unobservablé or unmeasureable

factors are responsible. Systematic errors in measurement on the

dependent variable also might explain this result.

The Lagged Dependent Variable and Its Expectation

Inclusion of the expectation of the 1agged dependent variable

systeﬁaticglly~improved the explanatory power of thée model coﬁpared
to 'using the actual value of the lagged dependént variable. The
multiple coefficient of‘determination-(Rz) rose from .57 using actual
lagged values to .78 using the expectation of the‘lagged values. This
Trepresents é signficant reduction in the residual sum of squares.

| 'While there is no precise explanation for the significant increase '
in eXplananry power using the expeétation of the‘lagged dependent
variable, it_is beligved that better theoretical properties of thg .

error term are responsible. It is dlso likely the nonstochastic
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difference equation representing the adjustment mechanism models
consumer reactions better than the stochastic adjustment mechanism.
Higher order lags on the depéndent variable and its expectation
introduced severe multicollinearity and did ﬁot-improve the data fit
signifiqantly.- This result was anticipated since the depén&ent-

variable was éxpected to be highly correlated between periods.

Season of the Year

Statistically significant seasonality exists inifluid,milk
consumption. On the average, 1.73 million pounds less milk is con-
sumed during the months of April, May and June (the fourth caléﬁdar
quarter was used as a period of reference) when the effects 6f all
other variables are accounted for. Based on prior studies [4] lowef
aggregate consumption was expected for the period May to September.

A full analy;is of seasonality was not pursued due to the
aggregation of the data on a calendar quarter basis‘rafhér than on a

season of the year basis.

PoBulétiog

Increases in population have a direct influence on the total
consumption of fluid milk. The partial effect on the young population

. . . . . 9
variable using the young/income interaction term—/ measured at the

9/ )

'Originally young population-had been entered as Bl(Yng) + Bz(Yng .

Inc). This formulation resulted in high multicollinearity between




9l

sample mean value of disposable income is:

3E(q) . _ Tne) =
B(Yng) BYng(Inc)‘ 6.33

The partial effect of an increase in the old population measured at

the mean income is:

SE(q)  _ Bﬁ

5(01d) >01d (Inc)

+ BOld/Inc

8.14 - 5.81 = 2.33

An increase ig the younger population induces_a greater increase
in total consumption of fluid milk than does an increase in the older
populatibn. A 10 percent increase in the younger population increases
consumption by 4.1 percent while a 10 percent increase in the older

populatioh increases consumption by 2.7 percent.

Summary

Bésed”upon the statistical results of this analysis it may bQ K

concluded:

(1) In the short run (a period of three calen&;r months) demand
appears to be inelastic. Thus, changes in the price of .
fluid milk are likely to elicit less than proportional
changes in fluid milk consumption. A 10 percent change in

price is expected to change consumption inversely By 3

9 Continued/
s A B l ,

model

82. Thus, the (Yng) variable was dropped from the
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‘percent.

(2) There is evidence consumer respbnse becomes more elastic
with the increasing.time lag between price changes and
consumption.' A time period of one &ear after a price
change is rquired for price elasticity to become "elastic."
In the long run after coméleté consumer adjustment to price
changes has occurred (holding all other influencing variables
constant over the same periqd) a 10 percent- change in price
will elicit a 26 percent chaﬁge in consumpfion.

(3) 1t appears the ultimate consumer response is distributed
-over a lengthy time perioa. Approximately one.year is
required for 50 percent of the ultimate response to be
compléted. The lengthy period of adjustment may ﬁot seem
realistic since mést consumers enter the fluid milk market
frequently and probably should adapt to changing economic
conditions more rapidly than the study indicates. This
fesult suggests the dynamic elements of the statistical
model may be subject to some estimation problems.

(4) There is evidence that the interaction.between the age
distribution of the population and aisposabie income is
an important determinant of consumption.' Results of the
analysis.imply fluid -milk is a normal gqod for young

individuals (under 18 years of age) and families and an




(3

(6)

)
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inferior good for older individuals (over 18 years of

age) or families composed mainly of adults. Since two-

thirds of the population of Montana falls in the older

group, the inverse response between consumption and income
for older individuals &epds‘to dominate. Thus, an increaée
in aggregate income led to a decrease in aggregatg con~
sumption in the statistical medel.

Increases in population size'significantly increases the
total consumption of fluid milk. However, a 10 percént
increase in the younger population increases consumption

to a greater degree than a 10 percent increase in the older
populafion (4.1 —vs~l2.7 percent).

Seasonality in fluid milk consumption is significant.

‘Holding all other factors constant, less milk is consumed

in the months of April, May and June than.in other months.
This may be the result of increased coﬁbgtition from-
non-dairy beverages during the late spring and early sumﬁer.
While nonfag dry milk is a substitute for fluid miik, the
relationship is quite weaki A 10 percent increase in dry
milk priée led to increased fluiq milk consumption of 1
percent. It appears consumers reépond té higher fluid

milk prices by consuming less fluid milk and/or substitution

to non-dairy beverages rather than by consuming greater
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‘quantities of dry milk.

Limitation of This Study

Several statistical and data limitations should be coﬁsidered in

evaluating the validity of the results and interpretations of this

analysis:

(1)

n (2)

(3)

The properties of maximum likelihood estimators in non-
linear estimatién are asymptotic and thus are usually not
known for sﬁall samples. This study utilized 40 Qﬁser—
vations and it is likely that the sample is not of sufficient
size to fully capture the desirable large sample properties.
Therefore the statistical estimates and tests of siénificancé
may be misleading.

Some bias is introduced by the unavailabiliﬁy of Qata.for
eﬁpor£s and other.unobserﬁable elemeﬁts (i.e; producer/
distributors; processor owned herds). Since these elements
were not constant over the period of the study the estimates
may be affected to some extent.

Using the retail price per half gallon of whole milk to

- represent the price vector rather than constructing a

weighted average is likely to affect the results to some
degree. This is probably not a major problem since there

was not a great deal of variation in the price relationship




(4)

(5)
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between the various forms of fluid milk or container sizes.
Several socioeconomic variables that may have changed over
the analysis (such as rural/urban composition, income - ,
distribution, etc.) for which data were mnot available may
have“introduced specification errors in the statisticél

model.

A number of measurement errors in the fluid milk utilization

of cértain years (1964, 1973).undoubtedly affected the

estimates somewhat. These errors amounted to about 7 per-

cent of utilization.
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" APPENDTX A

The likelihood function is constructed assuming a first order
serial correlation scheme and one explanatory variable for simplicity.
The regression equation is transformed as shown on page 58 to regain

_the classical properties of the disturbance
Y, - pY
¢ P
+U
t

(o1 = ay(l-p).+ BY(Xt ;‘PlXt_i) + (l-y) [E(Yt) " pEKYt—l)]'

where Ut = Et - pEt_l.

Constructing the logarithm of the likelihood function (assuming nor-
mality) -yields :

n:—l

n .
1
L 20 ) = =2 T (Y% - Y¥)2
L = 5 log(2mo Ut) P il ( t t)

~ t
* - Y* dis
where Y N ¢

YE - ¥ = (Y, - Y, ) - ay(lmp) - BY(X, - pX ) - (1) [E(Y) -

e Yt

The maximum likelihood estimates (conditional on Y., the presample
value)of o, vy, B, and p are obtained by maximizing ﬂ using a non-
linear technique [12].° :

The derivation of (ii) from (i) in the text of Chapter 3 makes
it clear that E(Y_ ) is implicitly a function of the independent
variable X_ back Eo the beginning of the sample. The presence of an
autoregressive error term does not change this result because E(Y ) is
defined unconditionally with respect to information associated wigh
the autocorrelation in the error term.
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APPENDIX B

Placing Confidence Intervals on

Short and Long Run Elasticities

Short Run Elasticities

. By definition the short run price elasticity of demand is:

m

|

|
ar

Where: - € is the short run price elasticity of demand and p is
price and q is quantity consumed.

The elasticity may be estimated by multiplying the parameter

estimate of the price variable by the ratio of the mean values of the
price and quantity variables:

A

c =8 (/9

The estimated elasticity is a function of the random variable
and, thus, is itself a random variable.

The variance of the estimate is givén by:
" 2 ~
(i) Vvar(e) = (K7) var (B)
. Whetre K ig the ratio of the mean values of price and qﬁantity.

The standard deviation of the elasticity estimate is the square
root of the variance:

(i1) % T Kog
Where K = p/q = 0.0135.
By definition a 95 percent confidence interval is given by:
e + t(.025, n-p) (Ksé)

(=.33) £ (1,96)(.0135 * 4.17), - .44 < g < -.22
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where n-p is the number of degrees of freedom associated.with the ¢t
statistic and s, is the estimated standard deviation of B (standard
error). .This 1§ a conditional confidence interval glven the parti-
cular sample value of K.

Long Run Elasticities -

The long trun elasticity is estimated by:

(iii) § = 9 .p - _1
ap q 1-2
(iv) n = B X
1-A

where A is the parameter estimate of the laggéd dependent variable or
its expectation. The estimate of the long run glasticity is a random

-

variable that is a  nonlinean function of B and 2.

The variance of the random variable may be approximated by
"linearizing" [1] via .a Taylor series expan81on and dropping terms of
second order and higher.

() Var (0’ = K> Var —2b—0 -
1-A '
2 | af 2 - of 2 ° of \ [of ~on
K —~— wvar (B) + [——} wvar(d) + 2| =} (=) cov (B,))
3B (ax ) 3B /19
where f = BA
1-A

Cov (B,A) = p(sé)(Si)

where p is the estjimated parameter correlation between the random

varidbles B8 and A, and s; and si are the estimated parameter standard
8]
errors. :

of = 1 of _ B

% @D w a-n?

A = 0.8723 . B = =24.5540
s = .0382 s: = 4,1691
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Q
=
Q
s

|.

= 7.8309; = ~1505.4567

@
0 >+
@
>0

COV’(B,?\) = ,0090

Substituting these values into equation (v) yields:

Var (£f) = 4160.9
s; =  64.51
Sﬁ = st = .8702

A 95 percent confidence ihterval is then given as:
A + t(.025, n-p) sﬁ
-2.58 + 1.96 (0.8709)

~4.29 <n < - .87
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APPENDIX C

- Testing the Dynamic Stability of Eﬁe Statistical Model

Since the statistical model is a fourth order difference equation
upon transformation, four determinants must be evaluated in order to
The characteristic equation, determinants

utilize "Schur's Theorem."

“and determinant values are:

Vets

0.4695

A, = 0.3340
0.5462

0.4604

+ L4695y

0.4604

3 + .4604yt+2
1
1 0.3340
1 0
0.4695 1
0.3340 0
0.5462 -0.3340
0 0
1 .0
0.4695 1
0 0
0.3340 0
0.5462 0.3340

+

.5462y | + .3340y, = C

0.3340- .
= 0.8884

0.3340 0.5462-

0 0.3340

= .6377
1 0.4695
0 1

0.3340 0.5462 0.4604

0 0.3440  0.5462
0 0 0.3340
I 0.4695  0.4604
0 1 0.4695

0 0 1

= .4273




0.4695
0.4604
0.5462
A, = | 0.3340
0.5462
0.4604

0.4695

Based on this test, it was concluded the statistical demand relationship

o
1
0.4695
0.4604
0
0.3340

0.5462

0.4695

0

0.3340

0.5462

0
0

0.3340

estimated was dynamically stable.

0.3340

0

0.5462

0.3340

0.4604
0.5462

0.3340

0.4604

0.4695

0.4695
0.4604
0.5462
0.3340
0.5462
0.4664

0.4695

= ,2799
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