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CHAPTER I 

INTRODUCTION 

The growth in the u.s. beverage market has made the 

beverage market assume a significant part of the American 

business sector. The beverage category includes, in order 

of decreasing per capita consumption, soft drinks, coffee, 

beer, milk, tea, juices, wine, and distilled spirits 

(Barsby, 1970, 1983, 1984, 1990). According to this 

classification, wine ranks seventh in per capita 

consumption. 

There have been continuous changes in the overall 

composition of the U.S. beverage market. During the late 

1970s and early 1980s, there was an upward trend in the 

consumption of soft drinks while that of wine and beer 

showed a slow growth. Coffee, milk and other beverages 

either dropped or remained the same (Table 1.1). 

Wine, as a beverage, has only recently become part of 

the average American consumer's way of life. Prior to the 

"wine boom" of the late 1960s and early 1970s when per 

capita consumption of wine increased 10 to 14 percent per 

year, annual per capita consumption was approximately one 

gallon. Since the "wine boom," the annual growth in the per 

capita consumption has returned to a more normal sales 

growth rate of approximately five percent annually (Folwell 

et al., 1972). The steady growth is giving importance to 

the wine industry in America. 
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There are a number of different classifications for 

wine, but in this study the one used by Folwell and the 

Washington Liquor Control Board is adopted. Table wine 

includes all still wines that have 14 percent or less 

alcohol by volume, are naturally fermented, made from 

grapes, and usually used in connection with a meal. The 

flavored-wine category refers to still wines made from 

non-grape fruits plus certain sweet grape wines (concord 

wines) which contain 14 percent or less alcohol by volume. 

The dessert-wine category contains wines with more than 14 

percent alcohol by volume. Wines containing more than 0.256 

carbon dioxide per milliliter are classified as sparkling 

wines. Still wines are naturally fermented and contain less 

carbon dioxide than defined for sparkling wines (Folwell et 

al., 1972). 

This study focuses on table wine. A survey carried out 

by Folwell, Dailey and Hodges (1972) in Seattle on retail 

purchases of different types of wine indicated that table 

wine was the most dominant class of wines. Since 78 percent 

of the wine purchasers surveyed indicated that the wine was 

intended to be used in connection with a meal, the dominance 

of table wine would be expected. 

Problem Statement 

There is insufficient information on the analysis of 

consumption and consumption trends for table wine in the 

United states. Given the increasing importance of the wine 
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industry in the American agribusiness (beverage) sector, 

there is a need to identify and measure the factors that 

affect table wine consumption (demand) in order to 

understand the causes of both adverse and beneficial table 

wine consumption trends and subsequently take measures to 

improve the wine industry. For example, some states have 

experienced the emergence of new wine industries while 

others have not, and the impact on consumption (demand) of 

the presence or absence of these new wine industries have 

not been analyzed. 

Information on the factors that affect table wine 

consumption and consumption trends, and the presence of 

emerging wine industries is important to the wholesalers and 

retailers of table wine, to help them plan efficiently and 

forecast their production and marketing activities. It is 

also important to state administrators who regulate the wine 

industry. State administrators need this information 

because wine is exempt from the commerce clause of the U.S. 

Constitution, so individual states regulate wine through 

taxation, pricing, designation of authorized retail and 

wholesale sale agencies, and in several other ways. 

Statement of Objectives 

The general objective of this study is to identify the 

factors that affect table wine consumption, to measure the 

impact of these factors, and to analyze consumption trends. 

Specific objectives are to: 

3 



1. Measure the impact of consumer income on 

consumption of table wine in each state; 

2. Measure the effect of direct and indirect factors 

on table wine consumption in each state. The direct factors 

are hypothesized to have influenced consumer tastes and 

preferences for table wine and ultimately affected per 

capita consumption in those states that are assumed in this 

study, based on Jobson's Wine Marketing Handbook {1970, 

1983, 1984, 1986), to have experienced the emergence and 

growth of the wine market. Indirectly, the emergence and 

growth of state wine industry is assumed to have caused out

of-state producers to increase their expenditure on 

marketing strategies in an attempt to maintain their market 

share in these states. 

3. Use the time variable to estimate the trend of 

table wine consumption in each state; and 

4. Develop a wine-consumption function for estimating 

and analyzing table wine consumption for each state. 
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Table 1.1. 

Year 

1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 

Long-term trends in wine consumption 1967-1988 

Consumption Total 
(million gallons) 

196.6 
205.1 
225.5 
255.9 
295.7 
326.9 
337.8 
341.8 
361.6 
371.8 
389.7 
418.0 
439.1 
471.8 
497.9 
508.2 
519.5 
527.3 
539.7 
547.9 
543.8 
532.1 

Source: Wine Institute, u.s. Dept. of Commerce and DISCUSS 
data. 
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CHAPTER II 

REVIEW OF LITERATURE 

This literature review summarizes previous studies 

which have examined the patterns in consumer demand for 

beverage alcohol in general, and wine in particular. There 

are two major obstacles with regard to the literature as it 

pertains to examining the consumer demand for beverage 

alcohol, including wine. The first is that many of the 

articles on consumer demand for beverage alcohol have not 

been aimed at determining and analyzing the parameters of 

consumer demand. Instead they have concentrated on the 

social costs of alcohol abuse, consumption control, and 

personal abuse issues. Most of the literature on beverage 

alcohol demand is based on highly aggregated data used in 

estimating broadly defined beverage categories and most of 

the estimates of demand for wine are based on the general 

literature on beverage alcohol consumption. The other 

problem is that the literature on the demand for wine is 

sparse. 

Folwell et al. {1970) used secondary data provided by 

the yearly statistical issues of wines to estimate per 

capita and total yearly consumption. They assumed that the 

variation of each state from the national ratio of table 

wine consumption was caused by fluctuations in personal 

income. By employing this assumption, they were able to 

estimate the same ratio on a state by state basis with 
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single-stage least squares estimators. Multiplying the 

yearly total wine consumption in each state by the estimated 

yearly consumption ratio, the consumption of table wines was 

estimated. 

Their results indicated a high positive correlation 

between table wine consumption and disposable income. 

Furthermore, an increase in total wine consumption increased 

the estimated total table wine consumption. Population had 

an interesting effect on per capita consumption. A small 

growth in population increased the estimated per capita 

consumption, whereas a rapid growth in population decreased 

it, given an average increase in the total consumption of 

table wines within a state. In another study, the same 

authors {1970) found that as the level of taxation 

increased, consumption tended to decrease. 

In a descriptive study, Folwell et al. (1974) carried 

out a survey of 200 wine purchasers in the Seattle area in 

order to determine various marketing-merchandising 

strategies. A representative cross-sectional sample of wine 

purchasers was sought by taking interviews throughout the 

area during all hours that the stores were open by a single 

individual in state liquor stores and private retailing 

establishments. 

The results showed that there was greater availability 

of table wines, especially red table wine, in one-half and 

one-gallon containers. Another observation was that the 
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container most frequently purchased was the fifth-gallon, 

but the greatest gallonage was in half-gallon containers, 

indicating that the convenience and economies to consumers 

should not be overlooked by marketers. High-income 

individuals were largely the purchasers of wine in 

containers of this size. However, the Seattle area sample 

may not be representative of the typical United States wine 

consumer. 

Other results of the study were that the majority of 

the buyers were under 45 years of age, education and wine 

consumption were highly correlated, majority of the buyers 

were college graduates, and the male buyer usually had a 

white-collar job with annual income exceeding $10,000. 

Folwell and Batelle (1972) analyzed demographic 

characteristics and purchasing patterns of 7,000 households 

to determine the trends or the cyclical changes of the 

United States wine market. Monthly data included 

demographic information on age, sex, income, occupation, 

race, marital status, religion and urbanization, to develop 

market profiles for different sub-classes of wine and non

wine drinkers. The authors estimated demand for 11 types of 

wine in nine regions, and found a wide variation in own

price elasticities. Red wine ranged from -0.35 to -1.06, 

and white wine from -0.36 to -0.79. These investigations 

did not estimate the income elasticity for wine at this 
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stage, even though later studies by Folwell indicate that 

wine consumption is highly correlated with income. 

A study of the nature of the wine market in the hotel, 

restaurant and institutional industry (HRI) of Washington 

state was aimed at formulating more effective wine marketing 

strategies for this market (Ochsner et al., 1986). 

In 1984, a sample of 900 restaurants was used to obtain 

data on the away-from-home wine market. Except for most 

fast-food, drive-in, take-out, and delicatessen restaurants, 

all restaurants that are entitled to sell beverage alcohol 

{holding class H license) were included. 

There were four general areas pertaining to wine

marketing activities of restauranteurs which were 

investigated. First, the restauranteurs specified the type 

of meals served, the dining atmosphere of the restaurant, 

and the average check amount per person. The second area 

covered was the use of wine lists, wine bottle display, and 

the role of the waiting staff. The third issue addressed 

pertained to the product mix and pricing of wine in the 

restaurant. Each restauranteur specified the prices and 

types of wine available to the patrons. Lastly, focus was 

on the role of wholesale wine distributors. 

The authors found that the majority of the restaurants 

had a casual atmosphere and offered many different types of 

food. The average check amount per person was in the range 

of $5.00 to $10.00. Restauranteurs distinguished between 
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house wines (generally served in a carafe) and non-house 

wines (usually served in the original bottle). Of the 244 

restaurants who served wine, 29.1 percent served only house 

wines, 5.3 percent served only non-house wines, and 65.6 

percent served both. House wine purchases averaged 255.0 

liters per month. Non-house wine purchases were 193 liters 

per month. The results also showed that the wine product 

mix in the restaurants appeared to be based on management 

preference even though consumer requests and the influence 

of distributors also played a part. 

Johnson and Okansen used fifteen years of data (1956-

1970) from 10 Canadian provinces to estimate demand 

equations for beer, wine and distilled spirits. Even though 

dated, their analysis still offers useful insights. They 

used average prices which they considered to be exogenous. 

They used interpolated figures from census data in each of 

the provinces for the social-demographic data. Each of the 

three beverage equations contain the relative average prices 

for beer, wine and distilled spirits, adult real income, 

consumption lagged one year, as well as ethnic, regional, 

educational, and other demographic variables. Their results 

differ from studies done by other researchers in that income 

had little effect on beverage demand. Their estimate for 

income elasticity for wine range from 0.01 to 0.04. Another 

difference is that they found educational and religious 

factors to be insignificant. 
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Clements and Johnson (1983) used the Rotterdam model to 

examine the demand relationships among beer, wine and 

distilled spirits, and to explain the rapid growth in wine 

consumption in Australia. Based on aggregate price and 

consumption data from 1956 to 1977, they found that the 

growth of wine consumption in Australia was due to shifts in 

preferences, and the fact that the excise taxes on wine 

increased at a slower rate than the excise taxes of other 

beverages. They found the income elasticity of wine to be 

around 0.50, and the own price elasticity of wine to be 

about -0.27. 
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CHAPTER III 

CONCEPTUAL FRAMEWORK 

This chapter explores the theoretical relationship and 

underpinnings of the consumption of table wine. In this 

study, table wine is assumed a "normal good." A normal good 

is an "item" whose consumption increases as income 

increases. That is, given everything else equal, more of 

the good is preferred to less. 

This chapter focuses on individual consumer behavior as 

it relates to the theory of demand. It shows how 

consumption of table wine is analyzed using the theory of 

demand and the demand function. Therefore, section one 

addresses individual consumer behavior and its relationship 

to the demand function. Section two describes the demand 

function of table wine, while section three focuses on the 

modified or adapted demand function for table wine. 

Consumer Behavior and Derivation 
of the Demand Function 

This section links consumer behavior, through the 

utility function, to the demand function. The basic concept 

underlying consumption of table wine in a market economy is 

that an individual aims at maximizing utility given a fixed 

amount of income. The value that each consumer places on 

table wine is a function of the expected utility from the 

purchase of table wine. The utility function is then used 

to derive the (Marshallian) demand function. The first part 
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of this subsection discusses the fundamental concepts of 

utility and indifference curves. The second part shows the 

derivation of the (Marshallian) demand function from the 

utility function. The third part presents a modified model 

for analyzing consumption of table wine based on the 

economic principle of Engel's Curve. 

Utility is defined as the variable whose relative 

magnitude indicates the direction of preference. The 

rational individual maximizes utility by finding the most 

preferred position. There are two assumptions associated 

with this preference: 

(a) Each consumer is able to make comparisons of 

commodity bundles such that (i) for any two bundles A is 

preferred to B, B is preferred to A, or the consumer is 

indifferent between A and B. (ii) If A is preferred 

(indifferent) to B and if B is preferred (indifferent) to C, 

then A is preferred (indifferent) to c. 

(b) Each consumer has full knowledge of all 

information relevant to his consumption decision-knowledge 

of the goods and services available and of their technical 

capacity to satisfy his wants, or market prices, and of his 

income. 

Utility theory is limited to ordinal measurement, since 

the myriad of factors affecting an individual are impossible 

to list and quantify. Fortunately, this limitation does not 

significantly restrict the ability of utility theory to 
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explain observed economic behavior. The postulate of 

rationality merely requires that a consumer be able to rank 

commodities in order of preference. His ranking of 

commodities is expressed mathematically by his utility 

function. 

Given n consumption commodities XI, x2, ... X0 , at a 

single point in time, a consumer will seek to maximize a 

utility "function" of the form (ceteris paribus), 

utility= f (XI, x2 , ... X
0

) 

where the X's refer to the quantities of the commodities. 

The utility function associates certain numbers with various 

quantities of commodities consumed, but the numbers provide 

only a ranking or ordering of preferences. Therefore, the 

consumer's choices are completely determinate if he 

possesses a ranking (and only a ranking) of commodity 

bundles according to his preference. 

The concept of indifference curves is closely 

associated with the utility theory as it pertains to 

consumer behavior. An indifference curve shows a set of 

consumption bundles that provides the same level of utility. 

Therefore, not only do indifference curves show which 

baskets of commodities are equal in utility (i.e., lie along 

the same indifference curve) but also how baskets of 

commodities that are unequal in utility should be ranked 

(direction of preference). 
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The utility function, u = f cx1, x2 , ... ,Xn), has the 

following underlying assumptions: 

(a) Ui is a continuous function. This condition 

implies that a consumer can vary purchases of each commodity 

continuously. 

(b) Any indifference curve does not intersect itself 

or any other indifference curve. The implication is that 

there is only one direction of variation from a given set of 

purchases which leaves the consumer indifferent, and no set 

of purchases can be at two levels of indifference. 

(c) Indifference curves have a negative slope. This 

condition implies that the level of preference can only 

remain unchanged if a decrease in the purchase of one 

commodity is offset by an increase in the purchase of one or 

more other commodities. 

(d) Numerous indifference curves make up the 

indifference map. The level of preference increases as the 

consumer moves up in the northeasterly direction on the 

indifference map. This condition implies that the consumer 

perceives himself to be "better off" whenever he increases 

his purchases of all commodities. 

(e) Furthermore, larger and larger increases in the 

purchase of commodity are required to compensate (i.e., to 

preserve a given level of indifference) for a steadily 

decreasing purchase of the other goods. 
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The mathematical derivation of the ordinary 

(Marshallian) demand function is based on the constrained 

maximization of the utility function. Utility is maximized 

subject to the income (budget) constraint. Assuming a two 

commodity bundle situation, q 1 and q2 , the utility function 

is given as 

u = f (ql, q2) 

and the budget constraint is 

I = P1q1 + P2q2 

where 

P1 and P2 are the prices of q 1 and q2 , respectively, 

and, 

I is consumer income. 

Then, maximize u subject to I. The first step is to form 

the Lagrangean function, L, 

L = f (ql, q2) +A (I- Plql- P2q2)· 

The second step is to obtain the first-order conditions of 

the Lagrangean function with respect to q 1, q2 and A and set 

them equal to zero: 

6L/6q2 = ql - P2 A = 0 

6L/6A = I - Plql - P2q2 = O, and 

simultaneously solving the above equations (for ql and q2), 

we obtain, in general, the (Marshallian) demand function: 
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ql = Ql (Pl, P2, I) 

q2 = Q2 (P2, P2, I). 

The shape of the demand function depends on the 

properties of the consumer's utility function. However, it 

is generally assumed that demand curves for a "normal" good, 

such as table wine, are negatively sloped, i.e., the lower 

the price the greater the quantity demanded. There are, 

however, some exceptional cases where the opposite 

relationship may hold such as ostentatious or conspicuous 

consumption. In this case, the demand function may be 

positively sloped because the consumer derives utility from 

a higher price. 

The transition from an individual to a market (society) 

schedule is accomplished easily by the process of summing 

the quantities demanded by each consumer at every possible 

price. 

Since the "demand" function is used to analyze 

consumption of table wine in this study, this subsection is 

cardinal because it links consumer behavior, through the 

utility function, to the demand function. 

The Generalized Demand Function 
for Table Wine 

The preceding section established the link between 

consumer behavior and the (Marshallian) demand function. 

This section extends it to the basic general demand function 

for table wine and describes the factors that affect demand. 
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Demand for table wine is defined as a schedule which 

shows the various amounts of table wine which consumers are 

willing and able to purchase at each specific price in a set 

of possible prices during some specified period of time, 

while other factors are held constant. The fundamental 

characteristics of demand for table wine (a "normal" good) 

is the inverse relationship between the price of table wine 

and the quantity of table wine that consumers are willing 

and are able to purchase. This inverse relationship is 

called the law of demand. 

In general, the major determinants of market demand for 

table wine are the price of table wine, tastes and 

preferences, the number of consumers in the market, the 

prices of related goods, current income, and consumer 

expectations with respect to future prices and incomes. The 

last four are the non-price determinants of demand. This 

can be expressed as 

Qd = f (Pq, PC, I, Tp, C0 ) 

where 

Qd is the demand for table wine, 

Pq is the price of table wine, 

Pc is prices of related commodities, 

I is disposable income of the consumer, 

Tp are tastes and preferences, and, 

c
0 

is the number of consumers in the market. 
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A change in the price of table wine causes a change in 

quantity demanded. A change in the quantity demanded means 

a movement from one point (price-quantity combination) to 

another point on the same demand curve. 

The non-price determinants cause a shift in the entire 

demand curve for table wine either to the right (an increase 

in demand) or to the left {a decrease in demand). A 

favorable change in tastes and preferences will result in an 

increase in demand for table wine and vice versa. 

An increase in the number of consumers in a market 

(brought about perhaps by improvements in transportation or 

by population growth) will lead to an increase in demand for 

table wine, whereas fewer consumers in a market will produce 

a decrease in demand. 

Consumer expectations of higher future prices may 

prompt them to buy table wine now in order to "beat" the 

anticipated price rises, and similarly, expectations of 

rising incomes may lead consumers to spend more now, thereby 

causing an increase in demand. Conversely, expectations of 

falling prices and income will cause a decrease in demand 

for table wine. 

The effect of the prices of related commodities will 

depend upon whether the related good is a substitute for, or 

a complement to, table wine. Substitute goods are competing 

goods, whereas complementary goods "go together." In 

general, when two goods are substitutes, the price of one 

19 



good and the demand for the other are positively related 

(for example, tea and coffee). When two goods are 

complements, the price of one good and the demand for the 

other are inversely related (such as cameras and rolls of 

film). Goods that are not related (independent) have very 

little, if any, impact on the demand for each other. 

The generalized demand function for table wine may not 

always be applicable in the face of certain constraints. 

Therefore, a modified demand function is presented in the 

next subsection, which is based on prior research by Folwell 

et al. (1970). 

Modified Demand Function for 
Table Wine 

In most beverage alcohol studies, data on prices are 

not available for any individual state and, even when 

available, are very heterogenous. Prior research on wine by 

Folwell has established that wine demand is significantly 

correlated with income and government regulations in each 

state. Hence, in order to analyze consumption for table 

wine, the general demand function is modified as follows: 

cij = aj + {jjrij + rjTj + ojoj + uij 

where cij is the per capita consumption level of table wine, 

Iij is the per capita income level deflated by consumer 

price index for all items, 

~ is the time trend, 
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~ is the dummy variable representing direct and 

indirect factors that are assumed to have influenced the 

demand for table wine in some states, and 

uij is the stochastic term. 

The subscripts i and j denote the state and year, 

respectively. 

This modified demand function, referred to as 

the wine-consumption model, relates income to consumption. 

The theoretical economic justification for this relationship 

is based on the principal of Engel's curve. Assuming a two 

commodity model (q1 and q2) and reintroducing the concepts 

of indifference curves and the budget or income constraint, 

the rational consumer desires to purchase a combination of 

q 1 and q2, from which he/she derives the highest level of 

satisfaction. The income constraint is presented as 

I = Plql + P2q2 

where I is (fixed) disposable income and P1 and P2 are the 

prices of q 1 and q2 , respectively. The consumer can, 

therefore, spend hisjher income on ql or q2, or a 

combination of both q 1 and q2 . The consumer maximizes 

his/her utility by consuming at the point where the income 

(budget) line is tangent to the indifference curve. In the 

case of table wine (assumed a "normal'' good), when his/her 

income increases, the consumer moves to a higher 

indifference curve. The points of tangency of the income 
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line and the indifference curve trace out optimum points of 

the relationship between income and consumption (Engel's 

curve). 

The time trend is incorporated in the model in order to 

capture the direction and magnitude of the consumption of 

table wine in each state. During the period under study, 

some states experienced a noticeable increase in per capita 

consumption (demand) of table wine because of some direct 

and indirect factors. Media publicity and increased 

advertising for wine are some of the direct and indirect 

factors that have increased the awareness of wine. These 

factors are perceived to have influenced consumer tastes and 

preferences for wine and subsequently increased the demand 

for wine in those states. An example of indirect factors is 

new wineries in these states. Producers from other states 

may have increased advertising of their wine in order to 

maintain the market share of table wines in the states with 

new wineries. Thus, the increased advertising expenditure 

may have resulted in an increase in demand for table wine. 

The 0-1 dummy variable is incorporated in the wine

consumption model to capture the period of years when these 

direct and indirect factors are assumed to have influenced 

the demand for table wine. The wine-consumption function is 

used to estimate the impact from changes in consumers' 

incomes on per capita consumption of table wine. 
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CHAPTER IV 

METHODS AND PROCEDURES 

This chapter describes the methods and procedures used 

to achieve the objectives of the study. It focuses on data 

types and sources and on the quantitative techniques and 

models used to analyze the data. Specifically, the chapter 

discusses (sequentially) collection of data, sources of 

data, manipulation of data, types of models, statistical 

tools used, and the problems encountered and subsequent 

solutions. 

Secondary data for each state, on per capita 

consumption of table wine, per capita nominal disposable 

income and a consumer price index for the u.s. for all items 

were collected for the period 1967 to 1988. Furthermore, 

information was collected on the emergence, growth and 

influence of the wine industry as manifested by the number 

of new wineries in some states. 

Per capita consumption data of table wine on a 

state-by-state basis was obtained from Jobson's Wine 

Marketing Handbooks (1978, 1983, 1986, 1990). The data are 

measured in liter cases. The data on each state and on per 

capita nominal disposable income in dollars came from the 

United States Bureau of Economic Analysis, Surveys of 

Current Business, and the consumer price index for the U.S. 

for all items was obtained from the Economic Report of the 

President (1990). The data on the population of each state 
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was obtained from the United States Bureau of the Census, 

Current Population Reports. The data on the direct and 

indirect factors came from Jobson's Wine Marketing Handbook. 

Table wine consumption figures were divided by the 

population figures to obtain per capita consumption of table 

wine in each state. Per capita nominal disposable income 

was deflated to per capita real disposable income by 

dividing per capita nominal disposable income by the 

consumer price index for each respective year. 

The data were used to estimate the general wine-

consumption function for each state. Per capita consumption 

of table wine in each state was the dependent variable, 

while the independent variables were per capita real income 

levels in each state, a time trend factor, and a dummy 

variable to capture the period of years when direct and 

indirect factors are assumed to have influenced the demand 

for all table wine in some states. These states were 

determined from information in Jobson's Wine Marketing 

Handbook, for the period 1978 to 1982. The specification of 

the wine-consumption function of table wine was: 

C·· = a· + {3-I·· + r·T· + 61·DJ· + U1·J· IJ J J IJ J J 
( 4. 1) 

where 

C·· = per capita consumption level of table wine; 
lJ 

I·· = per capita real income level deflated by the 
IJ 

consumer price index for all items; 
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~ = the dummy variable representing direct and 

indirect influence on per capita consumption of table wine 

for the period 1978 to 1982. The assumptions and reasons 

for inclusion of the dummy variable have already been 

presented in chapter one; 

~ = the time trend factor to capture the direction and 

magnitude of per capita consumption; 

Uij = the random (stochastic) error term, and the 

subscripts i and j denote the state and year, respectively. 

The ordinary least squares technique was used to 

estimate four different single income-consumption equations 

(single equation models). Each of the four single equation 

models were used for each state, and the results analyzed. 

The following functional equations were estimated: 

The wine-consumption model 

C·· = a· + {3·I·· + r·T· + o·D· • lJ J J lJ J J J J ' 
(4.2) 

The semi-log wine-consumption models 

(4.3) 

and the 

Double-log wine-consumption model 

(4.4) 

The explanation for the symbols is as stated above. 

The predictive qualities of the four models was evaluated on 

the basis of statistical and economical considerations. 

Some of the important statistical considerations were 
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statistical significance of the overall model and individual 

coefficients, and an absence of autocorrelation and 

multicollinearity. Some of the important economic 

considerations were the magnitude of the estimated 

coefficients as well as the signs associated with the 

estimated coefficients. 

The major problem was that data on prices of table wine 

and wine substitutes were not available, necessitating the 

use of the modified demand function (wine-consumption 

function). Furthermore, as previously mentioned, most work 

on beverage alcohol demand are based on highly aggregated 

data which is used in estimating broadly defined beverage 

categories. Moreover, most of the estimates of demand for 

wine are based on the general literature on beverage alcohol 

consumption and most research has concentrated on the social 

costs of alcohol abuse, consumption control and personal 

abuse issues (not estimating and analyzing the parameters 

for consumer demand). The study was constructed and 

conducted with these problems (constraints) in mind. 
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CHAPTER V 

EMPIRICAL RESULTS AND ANALYSIS 

The empirical results presented in this chapter are 

organized on a state basis. Different functional forms of 

the income-consumption model are applied to data of each 

state and the results are presented. On the basis of 

statistical and economic considerations, the model that 

gives the best estimates and meets the desired properties is 

considered. Specifically, the model evaluation and 

selection is based on the sign and magnitude of the 

estimated regression coefficients, various tests for 

goodness-of-fit, an absence multicollinearity, 

autocorrelation and heteroskedasticity, and compatibility 

with established economic theory and established empirical 

results. The intercept appears only to help fit the 

estimated regression line. It has no statistical nor 

economic importance because the scope of the model does not 

include zero. 

The following different functional forms of the income-

consumption model are tested in this study: 

Ml. c = Q + ~ RIN + 1 TM (+ o OM); 

M2. LC = Q + ~ RIN + 1 TM (+ o OM); 

M3. LC = Q + ~ LOG RIN + 1 TM (+ o OM); 

M4. C = a + ~ RIN (+ 0 OM); 
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M5 . LC =a+~ RIN (+ 6 DM); 

M6. LC =a+~ LOG RIN (+ 6 DM). 

The presentation for each state discusses why one model 

is preferred over all others. Furthermore, each preferred 

model, its parameter estimates, various tests for goodness

of-fit, and the economic interpretation of the parameter 

estimates are described. All the models are evaluated at 

0.05 significance level. The critical table values used are 

as follows. 

For a model with four parameters and 21 observations, 

the F-value is 3.29; three parameters in model, F-value is 

3.68; and two parameters in model, F-value is 4.54. 

For a model with four parameters and 21 observations, 

t-value is 1.740; three parameters, t-value is 2.101; and 

two parameters, t-value is 2.093. 

A two-tailed t-test is used because per capita real 

income may take on positive or negative values because this 

is one of the implicit objectives of the study. 

Per capita consumption of table wine, hereafter 

referred to only as consumption, is measured in cases while 

per capita real income, hereafter referred to only as 

income, is measured in dollars. The time is measured in 

years. The assumption is made that all other independent 

variables are held constant except the one being evaluated 

and interpreted throughout this chapter. This insures that 

only the effect of the independent variable being 
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interpreted, on per capita consumption of table wine, is 

considered. 

Maine 

The empirical statistical results for Maine are 

presented in Table 5.1. Even though all the models have a 

significant F-value, model 1, hereafter referred to as M1, 

is selected because it has the highest R2, both time and 

income are significant by the t-test, an absence of severe 

multicollinearity, and does not indicate autocorrelation. 

Models M2 and M3 are rejected because of insignificant t-

values for income and the presence of autocorrelation. 

Models M4, M5 and M6 are rejected primarily on the basis of 

low R2 resulting apparently from the absence of time as an 

explanatory variable. 

The preferred model, M1, indicates that per capita 

income in Maine is inversely related to per capita 

consumption of table wine. Specifically, an increase of 

$1,000 in per capita income will result in a decrease in per 

capita consumption of table wine of 0.07 a case. The model 

also shows that time and per capita consumption of table 

wine are positively related. On the average, per capita 

consumption will go up by 0.004 of a case when time 

increases by one year. The model implies that table wine is 

an inferior good. People in Maine will spend their income 

on substitute goods when their income increases. 
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New Hampshire 

Table 5.2 presents the results from all the models. 

The F-test shows that models M1, M2 and M3 are each 

significant at 0.05 significant level. This implies that 

there is a significant regression relationship between per 

capita consumption of table wine and the set of independent 

variables (i.e., per capita real income and time). The t

test for the individual regression coefficient also 

indicates that per capita real income and time each have a 

linear relationship to per capita consumption of table wine. 

However, the standardized estimates indicate that time 

contributes more than per capita real income. 

All three models show an absence of multicollinearity 

because the VIF is lower than 10. The coefficient of 

multiple determination shows that more than 90% of the 

variations in per capita consumption of table wine can be 

explained by per capita real income and time. 

The signs on the regression coefficients (for models 

M1, M2 and M3) indicate a positive time trend and a negative 

relationship between per capita real income and per capita 

consumption of table wine. This implies that per capita 

consumption goes up with the passage of time. Furthermore, 

as per capita real income of the people increases, per 

capita consumption of table wine decreases in New Hampshire, 

implying that people then spend more money on other 

commodities which are substitutes. 
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Models M4 , M5 and M6 are rejected primarily on the 

bases of low R2 and R2a, which are basically below 50%. 

Given the above considerations, model M3 is selected 

for New Hampshire because it has the added advantage of the 

regression coefficients being elasticities. Statistically, 

it is not very different from models M1 and M2. 

The model indicates that, on the average, a 1% 

increase in per capita income will lead to a 5.58% decrease 

in per capita consumption of table wine. Moreover, on the 

average, when one year passes, per capita consumption 

increases by 0.27 of a case. 

Vermont 

Refer to Table 5.3 for the statistical results of all 

the models. Models M4 , M5 and M6 are not selected because 

they have low R2s and they do not have time, even though the 

estimated regression coefficients for per capita income are 

not very different from M1, M2 and M3, respectively. M2 and 

M3 are rejected because they show autocorrelation by the 

Durbin-Watson test and have relatively lower R2 compared to 

Therefore, the preferred model is M1. The sign on the 

coefficient for income is negative. This indicates that 

when per capita income goes up by a thousand dollars, per 

capita consumption decreases by 0.07 of a case. When time 
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increases by one year, on the average, per capita 

consumption increases by 0.003 of a case. Table 5.3 shows 

that even though M1, M2 and M3 all indicated a lack of 

severe multicollinearity, only M1 shows the absence of 

autocorrelation. 

Massachusetts 

The reader is referred to Table 5.4 for a complete 

presentation of all the statistical results for each model. 

Again, Mt, M2 and M3 are rejected on the basis of low R2. 

M1 is preferred to M2 and M3 because it has the highest R2 

and F-value. 

There is a negative and positive relationship between 

per capita consumption and per capita income and per capita 

consumption and time, respectively. An increase of $1,000 

in per capita income will lead to a decrease in per capita 

consumption of 0.03 case of table wine, on the average. 

With each year that passes, there is an increase in per 

capita consumption of 0.03 of a case. 

Rhode Island 

Table 5.5 presents the statistical results for all the 

models. M4 , Ms and M6 have low R2s and therefore are 

rejected. M2 and M3 show the presence of autocorrelation by 

the Durbin-Watson test. M1 is preferred for Rhode Island 

because it shows absence of autocorrelation and has the 
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highest R2 and F-value. Moreover, all the t-tests are 

significant and there is an absence of severe 

multicollinearity by the VIF. The standardized estimates 

show that time is the major contributor. 

The preferred model is M1 and it shows that with the 

passage of one year, consumption will increase by 0.005 of a 

case, on the average. If income increases by $1,000, 

consumption will decrease by 0.01 of a case, on the average. 

Connecticut 

Table 5.6 should be referred to for the discussion that 

follows. These models include the dummy variable to account 

for the direct and indirect factors that are assumed to have 

influenced consumption of table wine. The direct factors 

could be media publicity and increased advertising for table 

wine produced in Connecticut, while indirect factors could 

include increased advertising by out-of-state wine producers 

intending to maintain market share of table wine sales in 

Connecticut. 

All the models have significant F-values and do not 

show the presence of severe multicollinearity, which could 

make the interpretation of the regression coefficients 

unattainable. However, the individual t-test on income for 

M1 is insignificant. The t-test on the dummy for M2 is 

insignificant and so is the dummy in M3. However, M4, M5 

and M6 show significant t-test values for income and the 
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dummy. Therefore, M1, M2 and M3 are not preferred because 

of the insignificance of the t-test. 

M4 is considered acceptable in this study because it 

has a relatively higher R2 and F-value compared to Ms and 

M6. Furthermore, the t-tests on income and the dummy are 

more highly significant than for Ms and M6. Both the dummy 

variable and income have a positive relation to consumption. 

Specific interpretation is that an increase of $1,000 in 

income will lead to an increase in consumption of 0.03 of a 

case while holding the dummy constant. When direct factors 

are included through the dummy variable, it results in an 

increase in per capita consumption of table wine of 0.87 of 

a case of table wine on the average, assuming a constant 

shift in the estimated regression time. 

New York 

Table 5.7 shows that M4 , Ms and M6 have very low R2s. 

Therefore, they are not considered further in the selection 

process. M1, M2 and M3 all have F-values and t-values for 

both income and time. However, for this study, M1 is 

preferred because it has a relatively higher R2, F-value, 

and t-values. The VIF is 3.5, indicating an absence of 

multicollinearity. 

Mt shows that if per capita income increased by 

$10,000, an increase of one case in consumption of table 
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wine would result if time is held constant. Per capita 

consumption would increase by 0.07 of a case with the 

passing of each year, on the average, if income is held 

constant. 

New Jersey 

According to Table 5.8, each of the models has a strong 

statistical relationship between per capita consumption, on 

one hand, and per capita income and time on the other hand. 

However, Mt, M2 and M3 indicate that there is unacceptable 

multicollinearity between per capita income and time. These 

models are rejected because we cannot interpret the 

regression coefficients. Furthermore, M2 and M3 have 

insignificant t-values for the dummy variable. 

Models M4 , M5 and M6 , in which time (which is collinear 

with income} has been left out, present results that are 

statistically significant as regards both the F- and t

values. These models further appeal because the VIF is 

1.0002, indicating a lack of multicollinearity. M4 is 

preferred because it has a higher R2 and F-value, compared 

to M5 and M6 . Model M4 shows that if per capita income 

increases by $10,000, per capita consumption will increase 

by one case. When direct and indirect factors are accounted 

for by the dummy variable, the model estimates that an 

increase on the average of 0.2 of a case in per capita 
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consumption will result, assuming a constant shift in the 

estimated regression line. 

Pennsylvania 

Table 5.9 shows that M1, M2 and M3 cannot be selected 

because they have unacceptable levels of multicollinearity 

and some of the t-values in each model are insignificant. 

Even though M4 , M5 and M6 appear to be statistically 

significant according to F- and t-tests, M6 is preferred 

because of a higher R2. 

Model M6 has the added appeal of having the estimated 

coefficients as elasticities. A 1% change in real per 

capita income of Pennsylvania residents is estimated to 

cause a 4.356% increase in per capita consumption of table 

wine. The value of 2.941 on the dummy variable implies that 

holding income constant, the direct and indirect factors are 

estimated to have increased per capita consumption by 2.94%. 

Ohio 

Table 5.10 shows that all the models, except M1, have 

positive autocorrelation. The time variable does not pass 

the t-test for M2 and M3. Therefore, for this study, M1 is 

preferred. 

An increase of $10,000 in real per capita income is 

estimated to cause an increase in per capita consumption of 

half a case of table wine. The per capita consumption is 
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estimated to have increased by 0.007 of a case on the 

average each year. The direct and indirect factors are 

estimated to have accounted for an increase of 0.09 of a 

case. 

Indiana 

Model M1 is selected for estimating per capita 

consumption for Indiana in this study. Table 5.11 shows 

that all the models except M1 have a problem of 

autocorrelation. M1 shows that 97% of the variations in per 

capita consumption of table wine are associated with the use 

of real per capita income, time and the dummy variable. All 

the estimated coefficients are significant by the t-test. 

The economic interpretation of -0.0001 on per capita 

income is that when per capita income of the residents of 

Indiana increases by $10,000, per capita consumption of 

table wine will decrease by one case, holding time and the 

direct and indirect factors constant. On the average, each 

year that passes results in an increase in per capita 

consumption of 0.05 of a case, holding income and the direct 

and indirect factors constant. On the average, the direct 

and indirect factors are estimated to have caused an 

increase of 0.1 of a case, income and time held constant. 
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Illinois 

Table 5.12 shows that despite a high R2 and F-value for 

M1, M2 and M3, these models are unacceptable because income 

does not pass the t-test and have the problem of 

autocorrelation by the Durbin-Watson test. M4 , M5 and M6 

have significant F- and t-values. However, they have low R2 

values and also have the problem of autocorrelation. These 

models could be accepted even with low R2 and R2a. Dutta 

(1975) cautions against ''correlation pushing." He notes 

that measures of correlation (R2 and R2a) are measures that 

are devoid of any cause-effect implications, and the 

correlation coefficient at best measures the strength of the 

association or covariation between variables (and it cannot 

give any information on causation). Therefore, high values 

for the correlation measures imply that the variables "just 

happen" to vary together, and such variations in both of 

them may be attributed to or caused by other variables. 

Since all the models had autocorrelation problems, 

another functional equation, with per capita consumption of 

table wine as the dependent variable and time as the 

independent variable, was tested. The following results 

were obtained: 

y = 0.125, R2 = 0.7266, R2a = 0.7123, F = 50.5, 

t-value = 7.107, DW = 0.216. 

The results indicate that the problem of auto-
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The results indicate that the problem of auto

correlation still persists. Therefore, an autoregression 

procedure utilizing an autoregressive procedure and the 

maximum-likelihood method was used. This method produced 

the following results: 

Y = 0.0955, total R2 = 0.9744, t-value = 2.050, 

ow = 1.9550. 

These results seem to be superior to the others because 

the autocorrelation problem disappears. Therefore, this 

model, hereafter referred to as M7 , is preferred in this 

study. In Illinois, time rather than per capita income or a 

combination of both seems to have the greater influence on 

per capita consumption. On the average, with each year that 

passes, per capita consumption was estimated to have 

increased by 0.1 of a case. 

Wisconsin 

Table 5.14 indicates that the t-value for income and 

time are insignificant for M3, while M1 and M2 have 

insignificant t-values for income. Models M4 through M6 

have significant F- and t-values. M4 and Ms have the same 

value,~ (0.0004). 

Model Ms is preferred because of a higher R2 and R2a, 

F-value and t-value. The interpretation of the estimated 

coefficient is that the annual per capita consumption of 

table wine is estimated to have increased 5.1%, based on the 
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assumption that the rate of increase was constant over this 

period. 

Minnesota 

Models Ml, M2 and M3 are rejected because they show 

that time and income are unacceptably collinear {Table 

5.15}. Even though M4 , M5 and M6 have statistically 

significant values when the t-test, F-test and R2 are used 

as the criteria, M4 is preferred in this study because Ms 

and M6 have autocorrelation problems. 

Per capita consumption will increase by two cases if 

per capita real income of the people of Minnesota increases 

by $10,000, holding the direct and indirect factors 

constant. Per capita consumption is estimated to have 

increased by 0.3 of a case, on the average, due to the 

direct and indirect factors, income held constant. 

Iowa 

The goodness-of-fit tests show that all the models can 

be considered {Table 5.16}. However, all the models, except 

M4 , pass the Durbin-Watson test on autocorrelation. 

Therefore, M4 is preferred for Iowa. If per capita real 

income of the residents of Iowa increased by $10,000, per 

capita consumption of table wine is estimated to increase by 

one case. 
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Missouri 

Only model M4 can be accepted for Missouri because all 

the others fail the Durbin-Watson test for autocorrelation 

(Table 5.17). Holding direct and indirect factors constant, 

per capita consumption is estimated to increase by two cases 

if per capita real income increases by $10,000. Direct and 

indirect factors are estimated to have caused an increase of 

0.3 of a case, on the average during this period, holding 

income constant. 

North Dakota 

Table 5.18 shows that none of the models, except M3 , 

pass the Durbin-Watson test for autocorrelation. Given all 

the models, M3 is preferred even though the Durbin-Watson 

test is inconclusive. This is the double log functional 

form. A 1% change in per capita income is estimated to 

cause a 2.2% change in per capita consumption, holding time 

constant. There is a positive relationship between per 

capita consumption of table wine and time. Per capita 

consumption is estimated to have increased by 5% based on 

the assumption that rate of increase was constant over this 

time period. 

South Dakota 

Model M4 is preferred for North Dakota because it is 

the only one that does not fail the Durbin-Watson test for 

41 



autocorrelation. Furthermore, M1, M2 and M3 have 

insignificant t-values for income. Ms and M6 have 

relatively low R2s and F-values. The model (M4 ) estimates 

that, holding direct and indirect factors constant, per 

capita consumption increases by two cases if per capita 

income increases by $10,000. Over the same period, direct 

and indirect factors accounted for an increase, on the 

average, of 0.04 of a case, holding income constant. For 

the above statistical results, refer to Table 5.19. 

Nebraska 

Models M1, M2 and M3 are unacceptable in this study 

because of the problem of autocorrelation. Models M4 , M5 

and M6 are acceptable because they do not have auto

correlation, serious multicollinearity, and have significant 

statistical results (Table 5.20). 

Model M4 is preferred because of relatively high values 

of R2, R2a and F. Holding income constant, direct and 

indirect factors are estimated to have accounted for an 

increase of 0.1 of a case. If per capita income for the 

residents of Nebraska goes up by $10,000, per capita 

consumption is estimated to increase by two cases, when 

direct and indirect factors are held constant. 
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Kansas 

Table 5.21 shows that Ms and M6 have a problem of 

autocorrelation and insignificant t-values. Direct and 

indirect factors do not pass the t-test for M4 . 

Insignificant t-test values on income and the dummy 

disqualify M1. Even though the DW results are inconclusive 

for M3, it is the preferred model in this study. 

A 1% change in per capita income would cause a 3.1% 

change in per capita consumption, when time and direct and 

indirect factors are held constant. Other factors in the 

model held constant, per capita consumption, increase by 

0.04 of a case of table wine. Direct and indirect factors 

increase by 0.2 of a case in per capita consumption when 

income and time are held constant. 

Delaware 

Models M4 , Ms and M6 are disqualified because of low 

values of R2 (see Table 5.22). The estimated coefficient on 

income does not pass the t-test for M2 and M3. M4 is the 

preferred model. Holding time constant, an increase of 

$10,000 is estimated to cause an increase in per capita 

consumption of 0.2 of a case of table wine. Per capita 

consumption of table wine increases by 1.2 cases annually 

when income is held constant. 
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Maryland 

According to Table 5.23, only Ms has no problem of 

autocorrelation. This study, therefore, prefers M5 . Per 

capita consumption increases by two cases of table wine when 

per capita income increases by $10,000, while holding direct 

and indirect factors constant. Direct and indirect factors 

account for an increase in per capita consumption of table 

wine of 0.50 a case when income is held constant. 

District of Columbia 

Table 5.24 shows that M1, M2 and M3 have insignificant 

estimated income coefficients and are, therefore, rejected. 

Amount the last three models, M6 is preferred because the 

estimated coefficients are all significant and it has a 

relatively high value of R2. When income is held constant, 

direct and indirect factors cause an increase in per capita 

consumption of 0.50 a case of table wine. When these 

factors are held constant, per capita income changes by 1.9% 

when per capita income changes by 1%. 

Virginia 

Refer to Table 5.25 for the analysis of results for the 

state of Virginia. M4 fails the Durbin-Watson test for 

autocorrelation. M1 and M2 have insignificant estimated per 

capita income coefficients. The estimated coefficient on 

time for M3 is also insignificant. M5 and M6 have similar 
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statistical results; however, M6 is preferred because of 

high values of R2, F and t. 

When direct and indirect factors are held constant, a 

1% change in per capita income is estimated to cause a 2.2% 

change in per capita consumption of wine. Holding per 

capita income constant, direct and indirect factors account 

for an increase in per capita consumption of 0.50 of a case. 

West Virginia 

Table 5.26 shows that the t-value of per capita real 

income is insignificant for M1• The F-value, R2 and 

adjusted R2 are relatively low for M4 . The preferred model 

is M3 because of a high R2 and adjusted R2, and an absence 

of multicollinearity. The interpretation of the coefficient 

is that a 1.8% increase in per capita real income would 

cause a 2.99% increase in per capita consumption of table 

wine when other factors are held constant. When per capita 

real income is held constant an increase in per capita 

consumption of 0.06 of a case. 

North Carolina 

Table 5.27 indicates that M1, M2 and M3 cannot be 

considered because per capita real income does not pass the 

t-test. The time variable for M2 and M3 does not also pass 

the t-test. M4 shows the presence of autocorrelation and is 

therefore rejected. Even though the Durbin-Watson test for 
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autocorrelation is inconclusive, M6 is preferred because it 

has a relatively higher R2 and adjusted R2 and shows an 

absence of autocorrelation. When direct and indirect 

factors are held constant, a 1% increase in real per capita 

income causes a 3.8% increase in per capita consumption of 

table wine. Holding per capita real income constant, direct 

and indirect factors causes an increase in per capita 

consumption of table wine on the average of one-half of a 

case of table wine. 

South Carolina 

Models M1 and M2 are rejected because both per capita 

real income and the time variable fail the t-test (Table 

5.28). The time variable for M3 also fails the t-test. M6 

is preferred because it is statistically superior to M4 and 

When all other factors are held constant, a 1% increase 

in per capita real income causes a 4.5% increase in per 

capita consumption of table wine. 

Georgia 

Table 5.29 indicates that M1, M2 and M3 cannot be 

selected because t-value is lower than the critical t-test 

value. Among the other models, M6 is preferred because it a 

relatively higher F-value, R2, adjusted R2 and show an 

absence of severe multicollinearity. 
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When per capita real income is held constant, an 

increase in per capita consumption of table wine of one-half 

of a case is attributed to time. A 1% increase in per 

capita real income causes a 3.3% increase in per capita 

consumption of table wine, when the time variable is held 

constant. 

Florida 

Table 5.30 shows that M1, M2 and M3 have t-values that 

are lower that the critical t-value. Therefore, they are 

not considered for selection. Even though M4 , M5 and M6 

have significant t-values, M6 is preferred because of the 

absence of severe multicollinearity relatively higher values 

of R2 , adjusted R2 and F. The Durbin-Watson test for auto-

correlation is inconclusive. 

A 1% increase in per capita real income causes a 3.4% 

increase in per capita consumption when direct and indirect 

factors are held constant. The direct and indirect factors 

caused an increase in per capita consumption of one-half of 

a case (on the average) of table wine during the period 

under study, when per capita real income is held constant. 

Kentucky 

Table 5.31 shows that all the statistical results, 

except for M1 on income, are significant for all the models. 

M3 is preferred in this study, based upon the R2 and R2a 
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values. M3 estimates that a 1% change in per capita income 

will result in a 2.4% change in per capita consumption, 

while holding time constant. During the same period, per 

capita consumption increased by 0.03 of a case, on the 

average, when time increases by one year, holding income 

constant. 

Tennessee 

Table 5.32 indicates that M1, M2 and M3 have 

insignificant t-values, income and time, time and the dummy 

variable, and time, respectively. Therefore, they are not 

considered further. Ms and M6 fail the t-test for the dummy 

variable and therefore are rejected. M4 is the preferred 

model. Per capita consumption is estimated to increase by 

two cases, if per capita income increases by $10,000, when 

direct and indirect factors are held constant. Furthermore, 

holding income constant, per capita consumption is estimated 

to have increased by 0.3 of a case during this period. 

Alabama 

Models M1 , M2 and M3 fail the t-test on income and time 

(Table 5.33). M6 is preferred because of relatively higher 

values of R2, R2a and F. The model estimates that a 1% 

change in per capita income will cause a 6.9% change in per 

capita consumption of table wine. 
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Mississippi 

All the models have insignificant t-values for time and 

the direct and indirect factors (Table 5.34). Per capita 

income passes the individual t-test. Therefore, a model 

with per capita income alone as the regressor was 

considered. 

Arkansas 

Table 5.35 shows that M1 fails the t-test for income 

and the dummy variable. It also fails the Durbin-Watson 

test for autocorrelation. M4 is also rejected because it 

fails the t-test and DW test. The Durbin-Watson test is 

inconclusive for M2 , M3 , M5 and M6 . These models also have 

significant values of F, t and R2. However, for M2 and M3 , 

the dummy barely passes the t-test. M6 is selected mostly 

due to the fact that the estimated income coefficients are 

the income elasticity of demand. 

A 1% change in per capita income causes a 2.1% change 

in per capita consumption of table wine, holding the direct 

and indirect factors constant. When income is held 

constant, an increase in per capita consumption of 0.1 of a 

case is attributed to direct and indirect factors. 

Louisiana 

Models M1, M2 and M3 do not pass the t-test on the time 

variable (Table 5.36). Therefore, M4 , M5 and M6, which do 
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not have the time variable, are considered. These models 

have low R2, but as discussed earlier in this paper, a low 

2 
R may be accepted, since a prior economic theory indicates 

that consumption and income are related. M5 is selected in 

this study to estimate per capita consumption in Louisiana. 

The model estimates that when per capita income of Louisiana 

residents increases by $10,000, per capita consumption 

increases by one case of table wine. 

Texas 

Table 5.37 indicates that M1, M2 and M3 cannot be 

accepted because they fail the t-test on the dummy and per 

capita income. The time variable on M3 does not pass the t-

test. M4 and M5 also are rejected partially because of this 

fact. M1 and M2 also show unacceptable levels of 

collinearity. Furthermore, all the models, except M6, show 

autocorrelation by the Durbin-Watson test. Thus, M6 is 

preferred for Texas, even though the Durbin-Watson test is 

inconclusive. A 1% change in per capita income is estimated 

to cause a 3.6% change in per capita consumption, given that 

the direct and indirect factors are held constant. The 

contribution of direct and indirect factors is an increase 

in per capita consumption of 0.1 of a case of table wine 

during this period. 
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Oklahoma 

From Table 5.38, the time variable on M1, M2 and M3 

does not pass the t-test. These models are, therefore, not 

considered further in the selection process. The models 

without the time variable (M4 , Ms and M6 ) are considered for 

selection. Among these, M4 was selected because of 

relatively higher values of F, t and R2. An increase in per 

capita income of $10,000 is estimated to result in an 

increase in per capita consumption of two cases. 

Montana 

The results from all of the models presented in Table 

5.39 indicate that M1 does not pass the Durbin-Watson test 

and the income variable fails the t-test. M2, M3 and M4 

have inconclusive Durbin-Watson test results. M6 is 

therefore selected for Montana. The economic interpretation 

is that a 1% change in per capita income will result into a 

7.6% change in per capita consumption of table wine, other 

factors held constant. 

Idaho 

Table 5.40 shows that all the models, except M1, cannot 

be accepted because the time variable fails the t-test. M2 

and M4 show autocorrelation when the Durbin-Watson test is 

used. The Durbin-Watson test is inconclusive for M3; 
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however, the time and dummy variables do not pass the t

test. They are not significantly different from zero. 

Given the above, M1 is preferred even though the 

Durbin-Watson test is inconclusive. An increase in per 

capita income of $10,000 is estimated to cause an increase 

in per capita consumption of one case of table wine, when 

time and the direct and indirect factors are held constant. 

An increase in per capita consumption of 0.1 of a case of 

table wine is attributed to direct and indirect factors 

(income and time held constant). Holding income and the 

direct and indirect factors constant, an increase of one 

year in time will, on the average, result in an increase in 

per capita consumption of 0.02 of a case. 

Wyoming 

The effect of income on consumption for all the models 

is fairly similar. However, M4 , M5 and M6 do not have the 

time variable (see Table 5.41). All the statistical results 

are acceptable by the goodness-of-fit criteria. M3 is 

chosen so that the relationship can be interpreted in 

percentage terms. A 1% change in per capita income is 

estimated to cause a 3.1% change in per capita consumption, 

when time is held constant. A one-year increase in time is 

estimated to result, on the average, in an increase in per 

capita consumption of 0.03 of a case of table wine, when 

income is held constant. 
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Colorado 

Table 5.42 shows that M1, M2 and M3 have unacceptable 

levels of multicollinearity and do not pass the t-test for 

time variable. This is the reason these models are not 

selected. The last two models are rejected because the 

dummy variable cannot pass the t-test. Therefore, the only 

acceptable model is M4 . 

The economic interpretation of the ~ coefficient is 

that per capita consumption of table wine will increase by 

three cases if the per capita income increases by $10,000, 

while holding the direct and indirect factors constant. On 

the other hand, when income is held constant, the direct and 

indirect factors will cause an increase in per capita 

consumption of table wine of one-half of a case. 

New Mexico 

Table 5.43 indicates that all the models, except M1 and 

M4 , have a problem of autocorrelation. The t-values for the 

time variable do not pass the t-test for M2 and M3. The 

coefficient for income of M1 is insignificant by the t-test. 

Therefore, the acceptable model for New Mexico in this study 

is M4 , even though the Durbin-Watson test is inconclusive. 

When income is held constant, the direct and indirect 

factors are estimated to have caused an increase in per 

capita consumption of table wine of 0.1 of a case during 
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this time period. Per capita consumption of table wine 1s 

estimated to increase by two cases if per capita income 

increases by $10,000, holding direct and indirect factors 

constant. 

Arizona 

The results presented in Table 5.44 show that only M1 

is acceptable because all the other models fail the Durbin

Watson test for autocorrelation. M1 has the highest R2, has 

significant F- and t-test results, and does not show severe 

multicollinearity. 

The relationship of time and direct and indirect 

factors to per capita consumption of table wine is positive, 

while per capita income is negatively related to per capita 

consumption. Holding time and factors represented by the 

dummy constant, per capita consumption will decrease by two 

cases when per capita income increases by $10,000. During 

the period under study, the annual per capita consumption is 

estimated to have increased by 0.1 of a case, when per 

capita income and direct and indirect factors are held 

constant. When per capita income and time are held 

constant, the increase in per capita consumption of table 

wine during this period is estimated to be 0.3 of a case, 

due to the direct and indirect factors. 
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Utah 

Results in Table 5.45 show that M2 and M3 cannot be 

selected because their coefficient on time are insignificant 

by the t-test. The per capita income coefficient is 

insignificant for M1. When the last three models, which do 

not have time as an independent variable, are considered, M6 

is preferred because it has a relatively higher R2 (and R2a) 

and significant F- and t-values. The interpretation of the 

model is that a 1% increase in per capita income results in 

a 6.3% increase in per capita consumption. 

Nevada 

The results in Table 5.46 show that, statistically, M1, 

M2 and M3 are unacceptable because of insignificant 

regression coefficients of per capita income. M6 is 

preferred in this study because of a higher R2 , F- and t

values. Per capita consumption of table wine is estimated 

to change by 5.4% if per capita income changes by 1%. 

Washington 

Model M4 is selected because models M1, M2 and M3 have 

insignificant estimated coefficients for income and it has 

higher R2, F- and t-values (Table 5.47). An increase of 

$1,000 in per capita income will result in an increase in 

per capita consumption of one case of table wine. 
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Oregon 

The results presented in Table 5.48 show that the logic 

in Washington suffices here also, except the preferred model 

based on goodness-of-fit test is M6 . A 1% increase in per 

capita income is estimated to cause an increase in per 

capita consumption of 2.2%. 

California 

The first three models are unacceptable because of 

collinearity between time and per capita income (VIF = 13.3, 

13.3 and 15.4, respectively). M6 is preferred and its 

interpretation is that a 1% increase in income results in a 

2.3% increase in per capita consumption of table wine. 

Table 5.49 presents the results of all the models. 

Alaska 

The results presented in Table 5.50, for all models, 

show that all the models are statistically acceptable. 

However, high values of R2 (and R2a), F and t for M1 make M1 

the preferred model in this study. Holding time constant, 

an increase in per capita consumption of table wine of 0.1 

of a case will result from an increase in income of $10,000. 

The increase in per capita consumption attributed to time, 

when per capita income is held constant, is 0.01 of a case. 
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Hawaii 

Table 5.51 presents results of all the models. The 

Durbin-Watson test shows that tests for autocorrelation are 

inconclusive. M2 and M3 are disqualified because the 

estimated coefficient of time is not statistically 

significant. M1, which has all the independent variables, 

is selected for estimating per capita consumption of table 

wine in Hawaii. When the other variables are held constant, 

an increase in per capita income of $10,000 is estimated to 

cause an increase in per capita consumption of one case. 

Holding income and the direct and indirect factors constant, 

an increase in per capita consumption of 0.02 of a case is 

attributed to time when the period 1967 to 1988 is 

considered. The direct and indirect factors are estimated 

to have caused an increase in per capita consumption of 0.2. 

of a case of table wine. 
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Table 5.1. Maine 

Parameter Model SQecification 
Estimates Ml Mz MJ M4 Ms M6 

{3 -0.00007 -0.0005 -3.222 0.00001 0.0006 6.205 

'Y 0.004 0.2123 0.198 

R2 0.9124 0.7380 0.7210 0.6359 0.4900 0.5427 

R2a 0.9026 0.7089 0.69000 0.6168 0.4632 0.5187 

F 93.7 25.3 23.3 3.23 18.3 22.6 

t:{j -2.549 -1.573 -1.108 5.761 4.273 4.749 

'Y 7.535 4.128 3.391 

ow 1.445 0.626 0.611 0.648 0.481 0.397 

VIF 6.7 6.7 8.2 100 1.00 1.00 

Standard Parameter 

{3 -0.46 -0.49 -0.39 0.80 0.70 0.74 

'Y 1.36 1.29 1.21 
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Table 5.2. New Hampshire 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 Ms M6 

[j -0.00002 -0.0004 -5.584 0.00001 0.0003 4.085 

'Y 0.0102 0.253 0.270 

R2 0.9319 0.9460 0.9323 0.4658 0.4715 0.5409 

R2a 0.9244 0.9400 0.9248 0.4372 0.4487 0.5168 

F 123.22 157.725 123.9 16.6 16.95 22.29 

t:[j -5.783 -6.567 -5.544 4.08 4.12 4.72 

'Y 11.102 12.579 10.20 

ow 0.713 0.645 0.668 0.222 0.171 0.201 

VIF 6.34 6.34 8.743 1.000 1.000 1.000 

Standard Parameter 

[j -0.896 -0.906 -1.004 0.683 0.686 0.735 

'Y 1.720 1.735 1.850 
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Table 5.3. Vermont 

Parameter Model SJ2ecification 
Estimates Ml M2 MJ M4 Ms M6 

{3 -0.00007 -0.0002 -2.213 0.00001 0.0003 2.874 

'Y 0.003 0.094 0.095 

R2 0.9621 0.8971 0.8829 0.5561 0.5277 0.5788 

R2a 0.9579 0.8857 0.8699 0.5328 0.5029 0.5567 

F 228.7 82.9 67.8 23.8 21.2 26.1 

t:{j -6.038 -3.442 -2.752 4.879 4.608 5.110 

'Y 14.148 8.039 6.835 

VIF 5.82 5.82 6.96 1.00 1.00 1.00 

ow 1.616 0.624 0.569 0.301 0.271 0.318 

Standard Parameter 

{3 -0.653 -0.608 -0.586 0.726 0.726 0.761 

'Y 1.537 1.466 1.455 
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Table 5.4. Massachusetts 

Parameter Model SJ2ecification 
Estimates Ml M2 M3 M4 Ms M6 

{3 -0.00003 -0.0002 -3.460 0.0001 0.0003 4.265 

'Y 0.030 0.173 0.178 

R2 0.9735 0.9377 0.9309 0.6423 0.5220 0.5745 

R2a 0.9705 0.9308 0.9233 0.6234 0.4968 0.5521 

F 330.44 135.50 121.32 34.11 20.75 25.655 

t:{3 -4.212 -4.398 -4.013 5.841 4.555 5.065 

'Y 14.995 10.961 9.639 

VIF 5.11 5.11 6.28 1.000 1.000 1.000 

ow 0.601 0.523 0.518 0.237 0.173 0.195 

Standard Parameter 

{3 -0.365 -0.585 -0.615 0.801 0.722 0.757 

'Y 1.301 1.458 1.497 
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Table 5.5. Rhode Island 

Parameter Model SQecification 
Estimates Ml M2 M3 M4 Ms M6 

{3 -1.00001 -0.0003 -3.904 1.00001 0.0004 4.727 

'Y 0.005 0.140 0.138 

R2 0.9478 0.9113 0.8989 0.5814 0.5678 0.6053 

R2a 0.9420 0.9015 0.8877 0.5593 0.5450 0.5845 

F 163.4 92.5 80.0 26.4 25.0 29.1 

t:{J -4.996 -3.630 -3.094 5.137 4.996 5.397 

'Y 14.239 8.351 7.230 

VIF 6.88 6.88 7.872 1.000 1.000 1.000 

DW 1.759 0.956 0.849 0.384 0.333 0.376 

Standard Parameter 

{3 -0.706 -0.688 -0.643 0.762 0.753 0.778 

'Y 1.588 1.538 1.520 
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Table 5.6. Connecticut 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 Ms M6 

13 0.000003 -0.0001 -1.352 0.00003 0.0003 3.990 

'Y 0.0105 0.122 0.122 

6 0.029 0.112 0.125 0.067 0.553 0.540 

R2 0.9717 0.9808 0.9788 0.8714 0.7766 0.8094 

R2a 0.9667 0.9774 0.9750 0.8571 0.7518 0.7882 

F 194.4 289.7 261.4 60.9 31.3 38.2 

t:/3 1.155 -3.432 -2.979 10.112 7.162 7.949 

'Y 6.793 12.263 11.641 

6 2.921 1.730 1.692 4.603 2.879 2.858 

VIF:/3 7.0 7.0 8.5 1.001 1.001 1.004 

'Y 7.5 7.5 9.1 

6 1.3 1.3 1.3 

ow 0.794 0.829 0.887 0.933 0.560 0.598 

Standard Parameter 

13 0.133 -0.283 -0.280 0.866 0.806 0.825 

'Y 0.816 1.212 1.212 

6 0.148 0.072 0.081 0.352 0.375 0.348 
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Table 5.7. New York 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 Ms M6 

13 -0.0001 -0.0002 -1.971 0.0002 0.0003 3.954 

'Y 0.067 0.095 0.093 

R2 0.9458 0.9094 0.9029 0.5170 0.4657 0.4950 

R2a 0.9398 0.8994 0.8921 0.4916 0.4376 0.4684 

F 157.10 90.377 83.699 20.338 16.560 18.623 

t:/3 -3.095 -2.858 -2.526 4.510 4.069 4.315 

'Y 11.935 9.391 8.696 

VIF 3.507 3.507 3.725 1.000 1.000 1.000 

ow 0.830 0.540 0.513 0.227 0.187 0.206 

Standard Parameter 

13 0.318 -0.373 -0.351 0.719 0.682 0.704 

'Y 1.226 1.248 1.233 
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Table 5.8. New Jersey 

Parameter Model SRecification 
Estimates Ml M2 M3 M4 Ms M6 

{3 -0.00003 -0.0002 -1.953 0.0001 0.0002 3.424 

'Y 0.032 0.131 0.123 

6 0.048 -0.015 0.040 0.182 0.526 0.489 

R2 0.9723 0.9407 0.9294 0.8673 0.7991 0.8384 

R2a 0.9674 0.9302 0.9169 0.8414 0.7768 0.8204 

F 198.77 89.868 74.552 54.057 35.797 46.685 

t:{3 -2.494 -2.551 -1.830 9.473 7.584 8.710 

'Y 8.229 6.370 5.274 

6 2.152 -0.171 0.487 4.622 3.649 3.779 

VIF:{3 11.7 11.7 16.0 1.0002 1.0002 1.002 

'Y 12.7 12.7 17.0 

6 1.7 1.7 1.8 1.0002 1.0002 1.002 

ow 0.835 0.490 0.441 0.953 0.604 0.693 

Standard Parameter 

{3 -0.380 -0.569 -0.471 0.830 0.801 0.826 

'Y 1.307 1.480 1.386 

6 0.055 -0.011 0.029 0.405 0.386 0.358 
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Table 5.9. Pennsylvania 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 Ms 

{3 0.00001 0.0002 3.443 0.0001 0.0004 4.356 

"( 0.014 0.0314 0.014 

6 0.020 0.3492 0.371 0.130 0.423 0.401 

R2 0.8731 0.8107 0.8306 0.8052 0.7830 0.8142 

R2a 0.8507 0.7773 0.8007 0.7862 0.7589 0.7935 

F 38.974 24.266 27.781 45.628 35.832 43.321 

t:{3 0.221 1.112 1.838 7.690 7.318 8.093 

"( 1.961 1.013 0.510 

6 2.384 2.319 2.680 3.915 2.859 2.941 

VIF:{3 14.1 14.1 11.9 1.02 1.02 1.03 

"( 15.0 15.0 12.6 

6 1.4 1.5 1.25 1.02 1.02 1.03 

ow 0.527 0.399 0.428 0.887 0.613 0.670 

Standard Parameter 

{3 0.081 0.417 0.633 0.743 0.780 0.801 

"( 0.712 0.391 0.180 

6 0.331 0.282 0.300 0.439 0.341 0.324 
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Table 5.10. Ohio 

Parameter Model S,gecification 
Estimates Ml M2 M3 M4 Ms M6 

{3 0.00005 0.0003 3.921 0.00009 0.0004 4.840 

'Y 0.007 0.029 0.013 

6 0.091 0.290 0.391 0.117 0.457 0.442 

R2 0.8615 0.8065 0.8346 0.8429 0.8121 0.8298 

R2a 0.8370 0.7723 0.8054 0.8255 0.7912 0.8109 

F 35.245 23.613 28.593 36.227 32.013 35.886 

t:/3 1.854 2.327 2.727 8.457 7.959 8.475 

'Y 1.824 0.844 0.699 

6 3.258 2.497 2.685 4.680 3.495 3.554 

VIF:/3 6.5 6.5 6.2 1.02 1.02 1.023 

'Y 7.0 7.0 6.6 

6 1.2 1.4 1.3 1.02 1.02 1.023 

OW 1.147 0.736 0.769 0.936 0.763 0.815 

Standard Parameter 

{3 0.415 0.61 0.67 0.76 0.8 0.8 

'Y 0.424 0.23 0.18 

6 0.338 0.30 0.31 0.39 0.4 0.3 

67 



Table 5.11. Indiana 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 M5 

{j -0.0001 0.00002 0.245 0.0002 0.0005 5.806 

"Y 0.050 0.088 0.087 

0 0.111 0.229 0.232 0.250 0.525 0.515 

R2 0.9720 0.9121 0.9239 0.5652 0.6527 0.6644 

R2a 0.9671 0.8956 0.9105 0.5141 0.6118 0.6249 

F 196.7 68.5 68.8 11.1 16.0 16.8 

t:{3 -3.259 0.118 0.372 3.718 4.761 4.905 

"Y 15.277 7.547 7.402 

0 4.020 2.499 2 .. 524 2.364 2.597 2.388 

VIF:{3 2.7 2.7 2.7 1.02 1.02 1.02 

"Y 3.0 3.0 3.0 

0 1.2 1.2 1.2 1.02 1.02 1.02 

ow 1.442 0.683 0.702 0.584 0.733 0.750 

Standard Parameter 

{3 -0.218 0.026 0.045 0.600 0.686 0.696 

"Y 1.084 0.876 0.860 

0 0.141 0.151 0.153 0.381 0.345 0.339 
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Table 5.12. Illinois 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 Ms 

{3 -0.0001 0.00007 1.505 0.0008 0.0004 5.360 

'Y 0.140 0.055 0.049 

R2 0.7421 0.7068 0.7137 0.5161 0.5865 0.6167 

R2a 0.7118 0.6723 0.6800 0.4892 0.5635 0.5954 

F 24.464 20.587 21.185 19.199 25.533 28.965 

t:{j -0.560 0.530 0.849 4.382 5.053 5.382 

'Y 3.860 2.640 2.399 

VIF 4.3 4.3 4.3 1.000 1.000 1.000 

ow 0.224 0.225 0.253 0.409 0.450 0.478 

Standard Parameter 

{3 -0.143 0.138 0.220 0.718 0.766 0.785 

'Y 0.984 0.717 0.645 
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Table 5.13. Michigan 

Parameter Model SJ2ecification 
Estimates Ml M2 MJ M4 Ms 

{j 0.0002 0.0001 2.005 0.0002 0.0002 2.143 

'Y 0.003 0.005 0.002 

& 0.571 0.320 0.322 0.581 0.338 0.330 

R2 0.5590 0.5234 0.5429 0.5587 0.5207 0.5423 

R2a 0.4812 0.4392 0.4622 0.5096 0.4676 0.4914 

F 7.184 6.222 6.730 11.393 9.777 10.663 

t:{j 1.483 1.493 1.747 2.766 3.044 3.248 

'Y 0.119 0.308 0.150 

6 2.993 2.288 2.363 3.446 2.730 2.718 

VIF:{j 3.0 3.0 3.0 1.02 1.02 1.03 

'Y 3.3 3.3 3.3 

6 1.2 1.2 1.2 1.02 1.02 1.03 

ow 0.557 0.455 0.502 0.578 0.45 0.529 

Standard Parameter 

{j 0.41 0.4 0.49 0.44 0.50 0.52 

'Y 0.03 0.1 0.04 

& 0.54 0.4 0.43 0.54 0.45 0.44 
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Table 5.14. Wisconsin 

Parameter Model Specification 
Estimates Ml M2 M3 M4 Ms M6 

{3 -0.0001 0.00002 0.977 0.0004 0.0004 5.143 

"( 0.078 0.0875 0.064 

R2 0.8071 0.7554 0.7577 0.6951 0.6741 0.7055 

R2a 0.7884 0.7266 0.7291 0.6793 0.6560 0.6891 

F 35.561 26.244 26.575 41.244 37.226 43.116 

t:{j -0.492 -0.093 0.413 6.422 6.101 6.566 

"( 3.126 2.377 1.913 

VIF 10.0 10.0 9.97 1.000 1.000 1.000 

OW 0.471 0.205 0.274 0.561 0.438 0.478 

Standard Parameter 

{3 -0.15 -0.035 0.156 0.834 0.821 0.840 

"( 1.03 0.902 0.721 
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Table 5.15. Minnesota 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 Ms 

{j -0.00002 0.00007 1.812 0.0002 0.0004 4.565 

')' 0.052 0.079 0.057 

6 0.206 0.290 0.316 0.300 0.449 0.411 

R2 0.9411 0.8492 0.8577 0.8905 0.8297 0.8536 

R2a 0.9300 0.8209 0.8310 0.8783 0.8108 0.8373 

F 115.8 30.0 32.1 73.1 43.8 52.5 

t:{j -0.646 0.516 1.036 9.489 7.721 8.500 

')' 4.699 2.205 1.656 

6 4.516 2.250 2.504 4.891 3.198 3.117 

VIF:{j 11.36 11.37 11.06 1.04 1.04 1.05 

')' 12.15 12.15 11.71 

6 1.26 1.26 1.20 1.04 1.04 1.05 

ow 0.947 0.351 0.451 1.076 0.701 0.787 

Standard Parameter 

{j -0.132 0.108 0.325 0.784 0.796 0.819 

')' 0.994 0.746 0.534 

6 0.227 0.182 0.198 0.360 0.281 0.258 
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Table 5.16. Iowa 

Parameter Model S12ecification 
Estimates Ml M2 M3 M4 Ms M6 

{j 0.00004 0.0003 3.653 0.0001 0.0007 7.455 

'Y 0.017 0.073 0.071 

R2 0.9083 0.8856 0.8925 0.7003 0.7727 0.7890 

R2a 0.8975 0.8722 0.8798 0.6837 0.7601 0.7773 

F 84.194 65.817 70.552 42.060 61.206 67.298 

t:{j 1.814 3.049 3.168 6.485 7.823 8.204 

'Y 5.001 3.727 4.045 

VIF 2.96 2.96 2.98 1.000 1.000 1.000 

ow 0.935 0.810 0.866 1.154 1.190 1.193 

Standard Parameter 

{j 0.199 0.409 0.435 0.837 0.879 0.888 

'Y 0.784 0.578 0.556 
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Table 5.17. Missouri 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 Ms M6 

{3 -0.00003 0.00006 1.762 0.0002 0.0005 5.628 

'Y 0.052 0.088 0.066 

6 0.115 0.236 0.297 0.255 0.4660 0.500 

R2 0.9646 0.8575 0.8642 0.8899 0.8211 0.8369 

R2a 0.9580 0.8308 0.8387 0.8777 0.8012 0.8178 

F 145.4 32.1 33.9 72.7 41.3 48.449 

t:{3 -0.862 0.380 0.960 10.110 7.755 8.387 

'Y 6.271 2.396 1.954 

6 3.243 1.627 1.945 4.636 3.254 3.194 

VIF:{3 11.0 11.0 10.8 1.01 1.01 1.02 

'Y 12.3 12.4 12.0 

6 1.5 1.5 1.4 1.01 1.01 1.02 

DW 0.853 0.309 0.384 1.15 0.744 0.828 

standard Parameter 

{3 -0.098 0.095 0.293 0.828 0.809 0.828 

'Y 1.062 0.784 0.587 

6 0.166 0.141 0.178 0.362 0.320 0.299 
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Table 5.18. North Dakota 

Parameter Model SQecification 
Estimates Ml M2 M3 M4 Ms M6 

[j 0.00001 0.0002 2.176 0.00002 0.0004 3.632 

'Y 0.003 0.057 0.051 

R2 0.7412 0.7762 0.7927 0.5669 0.6445 0.6933 

R2a 0.7107 0.7499 0.7683 0.5375 0.6247 0.6762 

F 24.340 29.479 32.495 23.080 32.629 40.684 

t:[j 2.046 2.767 3.190 4.804 5.712 6.378 

'Y 3.135 2.977 2.658 

VIF 1.97 1.97 2.1 1.000 1.000 1.000 

DW 0.855 1.073 1.177 1.170 1.490 1.574 

Standard Parameter 

{3 0.333 0.462 0.499 0.750 0.803 0.833 

'Y 0.594 0.483 0.459 
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Table 5.19. South Dakota 

Parameter Model S:gecification 
Estimates Ml M2 MJ M4 Ms M6 

{3 0.000004 0.0002 2.101 0.0002 0.0005 5.045 

'Y 0.003 0.068 0.064 

6 0.032 0.360 0.350 0.035 0.450 0.422 

R2 0.8663 0.7460 0.7532 0.7674 0.6477 0.6685 

R2a 0.8427 0.6984 0.7069 0.7415 0.6062 0.6295 

F 36.7 15.7 16.3 29.689 15.6 17.1 

t:{3 0.801 1.150 1.351 4.793 4.638 4.892 

'Y 3.548 2.489 2.344 

6 4.492 1.911 1.873 3.858 1.960 1.886 

VIF:{3 3.09 3.09 3.17 1.09 1.09 1.1 

'Y 3.15 3.15 3.21 

6 1.12 1.12 1.12 1.09 1.09 1.1 

ow 0.742 0.442 0.500 1.353 1.074 1.134 

Standard Parameter 

{3 0.161 0.255 0.299 0.637 0.698 0.718 

'Y 0.598 0.557 0.521 

6 0.358 0.196 0.190 0.411 0.254 0.229 
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Table 5.20. Nebraska 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 Ms M6 

(3 0.00001 0.0002 2.483 0.0001 0.0005 4.9787 

"Y 0.012 0.058 0.044 

6 0.056 0.232 0.271 0.083 0.382 0.359 

R2 0.9378 0.8690 0.8944 0.8564 0.8369 0.8505 

R2a 0.9262 0.8444 0.8757 0.8404 0.8185 0.8339 

F 134.4 44.2 48.0 53.7 46.1 51.2 

t:(3 1.250 1.963 2.329 8.307 8.075 8.538 

"Y 6.584 2.729 2.658 

6 4.670 2.486 2.550 4.054 3.144 3.072 

VIF:(3 4.57 4.57 4.8 1.04 1.04 1.05 

"Y 4.89 4.89 5.2 

6 1.15 1.15 1.2 1.04 1.04 1.05 

DW 1.064 0.735 0.873 1.822 1.726 1.851 

Standard Parameter 

(3 0.076 0.312 0.4 0.8 0.8 0.8 

"Y 0.833 0.587 0.5 

6 0.172 0.157 0.2 0.4 0.3 0.3 
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Table 5.21. Kansas 

Parameter Model SJ2ecification 
Estimates Ml M2 M3 M4 Ms 

{3 0.00001 0.0003 3.066 0.0001 0.0004 5.469 

'Y 0.001 0.046 0.044 

6 0.0005 0.224 0.189 -0.003 0.185 0.106 

R2 0.9195 0.9370 0.9419 0.8453 0.9160 0.9217 

R2a 0.9044 0.9252 0.9310 0.8271 0.9062 0.9125 

F 60.9 79.3 86.4 46.5 92.7 100.0 

t:{3 0.582 2.477 2.826 9.507 12.626 13.199 

'Y 3.841 2.306 2.357 

6 -0.219 2.285 1.940 -1.036 1.508 1.032 

VIF:{3 10.0 10.1 9.5 1.1 1.1 1.1 

'Y 9.4 9.4 8.8 

6 1.2 1.2 1.3 1.1 1.1 1.1 

ow 1.16 1.160 1.200 1.293 1.440 1.485 

Standard Parameter 

{3 0.147 0.528 0.553 0.94 0.9 0.9 

'Y 0.836 0.457 0.439 

6 -0.019 0.2 0.0001 -0.010 0.1 0.1 
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Table 5.22. Delaware 

Parameter Model S:gecification 
Estimates Ml M2 MJ M4 Ms 

{3 -0.00002 -0.000001 0.199 0.00001 0.0004 5.364 

'Y 1.170 0.080 0.077 

R2 0.9096 0.8603 0.8605 0.5002 0.5970 0.6223 

R2a 0.8900 0.8439 0.8441 0.4739 0.5758 0.6024 

F 85.6 52.4 52.4 19.0 28.1 31.3 

t:{3 -2.075 -0.099 0.180 4.361 5.305 5.595 

'Y 8.860 5.731 5.4 

VIF 3.281 3.281 3.327 1.000 1.000 1.000 

DW 0.862 0.470 0.477 0.377 0.451 0.476 

Standard Parameter 

{3 -0.270 -0.02 0.035 0.727 0.797 0.810 

'Y 1.196 0.94 0.927 
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Table 5.23. Maryland 

Parameter Model seecification 
Estimates Ml M2 M3 M4 Ms M6 

{3 -0.00002 -0.0001 -0.540 0.00003 0.0002 2.9662 

'Y 0.014 0.081 0.071 

6 0.033 0.412 0.435 0.056 0.546 0.508 

R2 0.9200 0.8931 0.8877 0.7369 0.7934 0.8235 

R2a 0.9050 0.8730 0.8666 0.7059 0.7691 0.8027 

F 61.3 44.5 42.1 23.8 32.7 39.7 

t:{3 -2.576 -1.010 -0.447 5.920 6.464 7.197 

'Y 6.052 3.861 3.024 

6 3.180 4.328 4.612 3.283 4.563 4.575 

VIF:{3 10.7 10.7 12.8 1.01 1.01 1.01 

'Y 11.0 11.0 13.0 

6 1.2 1.2 1.1 1.01 1.01 1.01 

ow 1.22 1.256 1.283 0.843 1.155 1.200 

Standard Parameter 

{3 -0.5 -0.3 -0.13 0.7 0.7 0.7 

'Y 1.4 1.04 0.91 

6 0.2 0.38 0.40 0.3 0.5 0.5 
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Table 5.24. District of Columbia 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 Ms 

{j 0.000004 0.00007 1.501 0.00001 0.668 1.912 

"( 0.001 0.012 0.007 

R2 0.4246 0.4535 0.4847 0.4038 0.4466 0.4890 

R2a 0.3569 0.3892 0.4240 0.3724 0.4174 0.4621 

F 6.3 7.1 8.0 12.8 15.3 18.2 

t:{j 0.556 0.907 1.379 3.587 3.915 4.264 

"( 1.000 0.746 0.432 

VIF 5.4 5.4 5.1 1.000 1.000 1.000 

ow 0.237 0.260 0.337 0.321 0.341 0.387 

Standard Parameter 

{3 0.2 0.4 0.5 0.6 0.7 0.7 

"( 0.4 0.3 0.2 
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Table 5.25. Virginia 

Parameter Model seecification 
Estimates Ml M2 M3 M4 Ms M6 

{3 -0.00001 0.0004 1.374 0.00003 0.0002 2.194 

i' 0.011 0.043 0.021 

6 0.062 0.545 0.526 0.067 0.567 0.518 

R2 0.8588 0.8125 0.8228 0.7818 0.7918 0.8185 

R2a 0.8323 0.7774 0.7896 0.7561 0.7673 0.7971 

F 32.4 23.1 24.8 30.4 32.3 38.3 

t:{j -0.883 0.305 1.014 6.152 5.867 6.480 

i' 2.955 1.332 0.626 

6 4.358 4.582 4.499 3.965 4.690 4.540 

VIF:{j 14.5 14.5 16.0 1.02 1.02 1.04 

i' 14.6 14.6 15.0 

6 1.0 1.0 1.0 1.02 1.02 1.04 

ow 1.559 1.506 1.493 1.065 1.443 1.455 

Standard Parameter 

{3 -0.3 0.1 0.4 0.7 0.7 0.7 

i' 1.1 0.6 0.3 

6 0.1 0.5 0.5 0.5 0.5 0.5 
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Table 5.26. West Virginia 

Parameter Model S}2ecification 
Estimates Ml M2 M3 M4 Ms M6 

{j 0.0000004 -0.0003 2.985 0.668 0.855 0.868 

-y 0.002 0.062 0.059 

R2 0.6816 0.8341 0.8441 0.4457 0.7316 0.7531 

R2a 0.6441 0.8145 0.8257 0.4165 0.7175 0.7401 

F 18.2 42.7 46.0 15.3 51.8 57.9 

t:{j 0.126 2.717 2.991 3.908 7.197 7.612 

-y 3.631 3.287 3.199 

VIF 2.6 2.6 2.7 1.000 1.000 1.000 

ow 0.603 0.639 0.657 0.494 0.567 0.562 

Standard Parameter 

{j 0.03 0.43 0.46 0.7 0.9 0.9 

-y 0.80 0.53 0.50 
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Table 5.27. North Carolina 

Parameter Model Specification 
Estimates Ml M2 M3 M4 Ms M6 

{3 0.000002 0.0002 2.475 0.00003 0.0004 3.7888 

'Y 0.006 0.039 0.028 

0 0.039 0.670 0.619 0.036 0.647 0.583 

R2 0.8572 0.8525 0.8670 0.7727 0.8314 0.8561 

R2a 0.8305 0.8249 0.8420 0.7460 0.8116 0.8391 

F 32.0 30.8 34.8 28.9 41.9 50.6 

t:{3 0.231 1.410 1.985 6.381 6.895 7.654 

'Y 3.078 1.514 1.146 

0 3.558 4.692 4.413 2.657 4.394 4.225 

VIF:{3 6.8 6.8 7.0 1.04 1.05 1.07 

'Y 6.7 6.7 6.6 

0 1.1 1.1 1.1 1.04 1.05 1.07 

ow 1.215 1.446 1.435 0.884 1.293 1.311 

Standard Parameter 

{3 0.1 0.7 0.9 0.6 0.7 0.7 

'Y 0.8 0.1 -0.04 

0 0.3 0.2 0.2 0.3 0.4 0.4 
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Table 5.28. South Carolina 

Parameter Model S:Qecification 
Estimates Ml M2 M3 M4 Ms 

{3 0.00001 0.0003 3.204 0.0002 0.0005 4.534 

'Y 0.001 0.007 -0.003 

R2 0.5938 0.6174 0.6640 0.7258 0.7526 0.7879 

R2a 0.5461 0.5724 0.6245 0.7106 0.7388 0.7761 

F 12.4 13.7 16.8 47.6 54.7 66.9 

t:{3 1.146 1.869 2.517 6.902 7.399 8.177 

'Y 0.865 0.217 -0.093 

VIF 6.4 6.4 5.7 1.000 1.000 1.000 

DW 0.580 0.659 0.775 0.625 0.726 0.825 

Standard Parameter 

{3 0.41 0.71 0.84 0.85 0.86 0.88 

'Y 0.31 0.08 -0.03 
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Table 5.29. Georgia 

Parameter Model SJ2ecification 
Estimates Ml M2 M3 M4 Ms 

{3 -0.00001 -0.00001 0.627 0.00003 0.0003 3.265 

'Y 0.012 0.073 0.059 

0 0.026 0.478 0.476 0.035 0.537 0.477 

R2 0.9037 0.8882 0.8702 0.7162 0.8160 0.8457 

R2a 0.8857 0.8672 0.8904 0.6828 0.7944 0.8276 

F 50.1 42.4 30.5 21.4 37.7 46.6 

t:{3 -1.993 -0.068 0.575 5.894 7.143 8.009 

'Y 5.584 3.215 2.554 

0 2.645 4.515 4.575 2.210 4.145 3.985 

VIF:{3 9.11 9.11 9.8 1.01 1.01 1.03 

'Y 9.24 9.24 9.7 

0 1.04 1.04 1.0 1.01 1.01 1.03 

ow 1.356 1.338 1.290 0.591 0.930 0.935 

Standard Parameter 

{3 -0.47 -0.02 0.14 0.8 0.7 0.8 

'Y 1.32 0.82 0.66 

0 0.20 0.39 0.38 0.3 0.4 0.4 
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Table 5.30. Florida 

Parameter Model SRecification 
Estimates Ml M2 M3 M4 Ms 

{3 -0.0001 0.0001 1.697 0.0001 0.0003 3.385 

'Y 0.039 0.059 0.037 

6 0.137 0.515 0.484 0.136 0.514 0.456 

R2 0.9188 0.9092 0.9167 0.8375 0.8860 0.9075 

R2a 0.9035 0.8921 0.9011 0.8184 0.8726 0.8966 

F 60.3 53.4 58.7 43.8 66.0 83.4 

t:{3 -1.208 0.469 1.299 8.221 9.423 10.649 

'Y 4.001 2.020 1.329 

6 4.221 5.378 5.098 3.062 4.939 4.819 

VIF:{3 18.2 18.2 18.5 1.03 1.03 1.05 

'Y 18.2 18.1 18.1 

6 1.0 1.0 1.1 1.03 1.03 1.05 

ow 1.003 1.268 1.242 0.646 1.161 1.164 

Standard Parameter 

{3 -0.4 0.15 0.40 0.8 0.8 0.9 

'Y 1.2 0.65 0.41 

6 0.3 0.41 0.39 0.3 0.4 0.2 
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Table 5.31. Kentucky 

Parameter Model SQecification 
Estimates Ml M2 M3 M4 Ms M6 

{3 0.00001 0.0002 5.355 0.0001 0.0006 4.044 

'Y 0.023 0.038 0.034 

R2 0.8571 0.8379 0.8541 0.7058 0.7981 0.8161 

R2a 0.8412 0.8199 0.8379 0.6903 0.7801 0.8064 

F 60.0 46.5 52.7 43.5 71.9 84.3 

t:/3 0.324 2.163 2.683 6.592 8.483 10.018 

'Y 4.364 2.2789 2.166 

VIF 5.0 5.0 4.7 1.000 1.000 1.000 

OW 0.495 0.436 0.481 0.467 0.530 0.556 

Standard Parameter 

{3 0.06 0.46 0.53 0.834 0.906 0.917 

'Y 0.87 0.48 0.42 
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Table 5.32. Tennessee 

Parameter Model S:£2ecification 
Estimates Ml M2 M3 M4 Ms 

{3 0.00005 0.0005 5.055 0.0002 0.0006 4.552 

'Y 0.027 0.006 -0.011 

6 0.198 0.423 0.424 0.260 0.437 0.400 

R2 0.7526 0.7116 0.7571 0.7154 0.7113 0.7558 

R2a 0.7090 0.6607 0.7142 0.6838 0.6792 0.7287 

F 17.2 14.0 17.7 22.6 22.2 27.9 

t:{3 0.607 1.963 2.785 5.653 6.028 6.800 

'Y 1.599 0.136 -0.299 

6 32.036 1.678 1.871 2.805 1.945 1.931 

VIF:{3 8.0 8.0 7.2 1.02 1.02 1.03 

'Y 8.5 8.5 7.6 

6 1.2 1.2 1.2 1.02 1.02 1.03 

DW 0.573 0.621 0.760 0.718 0.694 0.783 

Standard Parameter 

{3 0.21 0.7 0.89 0.743 0.805 0.832 

'Y 0.56 0.1 -0.10 

6 0.27 0.2 0.24 0.363 0.256 0.235 
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Table 5.33. Alabama 

Parameter Model S12ecification 
Estimates Ml M2 M3 M4 Ms M6 

{3 -0.0001 0.0006 5.287 0.0004 0.0009 6.912 

"( 0.092 0.05 0.039 

R2 0.8429 0.8364 0.8593 0.7146 0.8257 0.8519 

R2a 0.8254 0.8183 0.8437 0.7014 0.8165 0.8441 

F 48.3 46.0 55.0 48.0 90.0 109.3 

t:/3 -0.517 2.230 2.952 6.927 9.487 10.453 

"( 3.834 1.087 0.977 

VIF 8.6 8.6 7.3 1.000 1.000 1.000 

OW 0.656 0.645 0.780 0.736 0.781 0.898 

Standard Parameter 

{3 -0.14 0.6 0.649 0.846 0.919 0.931 

"( 1.05 0.3 0.303 
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Table 5.34. Mississippi 

Parameter Model S:gecification 
Estimates Ml M2 MJ M4 Ms M6 

{j 0.0001 0.0008 5.486 0.0001 0.0005 4.034 

'Y -0.005 -0.034 -0.036 

6 0.057 0.186 0.164 0.051 0.144 0.123 

R2 0.7445 0.7867 0.8355 0.7355 0.7635 0.8071 

R2a 0.6994 0.7491 0.8064 0.7061 0.7372 0.7857 

F 16.5 20.9 28.8 25.0 29.1 37.7 

t:{j 3.628 4.569 5.665 6.510 7.191 8.215 

'Y -0.777 -1.362 -1.711 

6 1.305 1.052 1.054 1.202 0.810 0.761 

VIF:{j 5.1 5.1 4.6 1.06 1.06 1.06 

'Y 5.2 5.2 4.7 

6 1.1 1.1 1.1 1.06 1.06 1.06 

ow 0.834 0.780 0.912 0.703 0.671 0.587 

Standard Parameter 

{j 1.0 1.15 1.042 0.849 0.882 0.905 

'Y -0.2 -0.35 -0.158 

6 0.2 0.12 0.114 0.190 0.115 0.102 
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Table 5.35. Arkansas 

Parameter Model S:gecification 
Estimates Ml M2 MJ M4 Ms M6 

{3 0.00001 0.0001 1.068 0.00004 0.0003 2.079 

'Y 0.007 0.024 0.025 

& 0.016 0.112 0.104 0.028 0.157 0.147 

R2 0.9089 0.9161 0.9203 0.8260 0.8819 0.8754 

R2a 0.8928 0.9025 0.9062 0.8066 0.8687 0.8615 

F 56.5 62.7 65.4 42.7 67.2 63.2 

t:{3 1.208 2.748 2.921 8.532 10.720 10.391 

'Y 3.933 2.688 3.096 

& 1.406 1.915 1.826 1.960 2.409 2.184 

VIF:{3 5.9 5.9 5.1 1.03 1.03 1.04 

'Y 6.2 6.2 5.4 

& 1.1 1.1 1.1 1.03 1.03 1.04 

ow 1.637 1.464 1.514 1.043 1.249 1.169 

Standard Parameter 

{3 0.2 0.467 0.45 0.843 0.890 0.887 

'Y 0.7 0.468 0.49 

& 0.1 0.142 0.13 0.200 0.208 0.195 
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Table 5.36. Louisiana 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 Ms M6 

13 -0.00005 0.00002 -0.159 0.0002 0.0001 1.082 

'Y 0.042 0.028 0.028 

R2 0.4451 0.4814 0.4816 0.3448 0.3933 0.3915 

R2a 0.3824 0.4238 0.4240 0.3104 0.3614 0.3594 

F 7.219 8.35 8.36 10.0 12.3 12.2 

t:/3 -0.378 -0.193 -0.209 3.162 3.509 3.496 

'Y 1.803 1.749 1.769 

VIF 6.8 6.8 6.7 1.000 1.000 1.000 

DW 0.782 0.750 0.749 0.712 0.700 0.699 

Standard Parameter 

13 -0.2 -0.085 -0.137 0.6 0.6 0.6 

'Y 0.8 0.77 0.750 
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Table 5.37. Texas 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 Ms M6 

{j 0.0004 0.0002 2.420 0.001 0.0003 3.592 

'Y 0.161 0.03 0.027 

6 0.776 0.128 0.122 0.527 0.083 0.085 

R2 0.8970 0.8643 0.8732 0.8709 0.8550 0.8637 

R2a 0.8789 0.8404 0.8508 0.8564 0.8389 0.8485 

F 49.4 36.1 39.0 60.6 53.1 57.0 

t:{j 1.252 1.848 2.202 9.608 9.258 9.608 

'Y 2.083 1.080 1.133 

6 1.939 0.902 0.902 1.262 1.604 2.264 

VIF:{j 12.3 12.3 10.3 1.17 1.17 1.17 

'Y 11.4 11.4 9.5 

6 1.3 1.3 1.3 1.17 1.17 1.17 

DW 0.635 0.707 0.838 0.826 1.079 1.273 

Standard Parameter 

{j 0.3 0.562 0.578 0.895 0.925 0.928 

'Y 0.5 0.368 0.357 

6 0.2 0.085 0.083 0.097 0.048 0.049 
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Table 5.38. Oklahoma 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 Ms 

{3 0.0001 0.0004 3.789 0.0002 0.0004 4.368 

'Y 0.012 0.021 0.013 

R2 0.9242 0.8450 0.8629 0.9094 0.8389 0.8604 

R2a 0.9158 0.8278 0.8476 0.9046 0.8304 0.8530 

F 109.8 49.1 56.6 190.7 98.9 117.1 

t:{j 3.781 2.928 3.469 13.811 9.947 10.820 

'Y 1.876 0.840 0.572 

VIF 7.1 7.1 7.1 1.000 1.000 1.000 

DW 0.790 0.499 0.579 0.764 0.567 0.645 

Standard Parameter 

{3 0.7 0.686 0.753 0.959 0.940 0.950 

'Y 0.3 0.274 0.212 
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Table 5.39. Montana 

Parameter Model SJ2ecification 
Estimates Ml M2 M3 M4 Ms 

{3 0.00003 0.0004 3.550 0.0001 0.0008 7.607 

'Y 0.025 0.069 0.067 

R2 0.7333 0.8690 0.8746 0.5698 0.7862 0.7966 

R2a 0.7037 0.8554 0.8606 0.5472 0.7749 0.7859 

F 24.7 59.7 62.8 25.2 66.6 71.3 

t:{j 0.459 2.391 2.602 5.017 8.359 8.625 

'Y 3.279 3.537 3.492 

VIF 3.3 3.7 3.6 1.000 1.000 1.000 

ow 1.006 1.162 1.191 1.309 1.688 1.622 

Standard Parameter 

{3 0.1 0.357 0.379 0.755 0.887 0.893 

'Y 0.8 0.621 0.603 
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Table 5.40. Idaho 

Parameter Model Sgecification 
Estimates Ml M2 M3 M4 Ms 

{3 0.000085 0.0006 5.832 0.0002 0.001 7.680 

")' 0.021 0.042 0.038 

& 0.061 0.315 0.180 0.095 0.253 0.240 

R2 0.9064 0.8029 0.8165 0.7585 0.7997 0.8161 

R2a 0.8899 0.7682 0.7841 0.7317 0.7775 0.7956 

F 54.9 23.1 25.2 33.1 30.9 34.4 

t:{3 2.906 3.419 3.717 7.424 7.387 7.807 

")' 4.673 1.563 1.481 

& 1.786 0.738 0.744 1.593 0.988 0.978 

VIF:/3 2.9 2.9 2.9 1.05 1.05 1.05 

")' 2.9 2.9 2.9 

& 1.1 1.1 1.1 1.05 1.05 1.05 

ow 1.262 0.987 1.047 1.047 1.141 1.181 

Standard Parameter 

{3 0.4 0.572 0.600 0.807 0.857 0.868 

")' 0.6 0.365 0.343 

& 0.1 0.089 0.087 0.194 0.127 0.121 
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Table 5.41. Wyoming 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 Ms 

{j 0.00003 0.0003 3.148 0.00004 0.0003 3.957 

"Y 0.002 0.032 0.026 

R2 0.9239 0.8978 0.9155 0.9001 0.8482 0.8852 

R2 
a 0.9154 0.8864 0.9061 0.8949 0.8402 0.8792 

F 109.1 79.1 97.5 171.2 106.1 146.5 

t:{j 8.497 6.425 7.327 13.085 10.303 12.105 

"Y 2.369 2.956 2.539 

VIF 2.05 2.05 2.22 1.000 1.000 1.000 

ow 0.698 0.470 0.504 0.702 0.515 0.546 

Standard Parameter 

{j 0.8 0.7 0.6 0.9 0.9 0.9 

"Y 0.2 0.3 0.374 
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Table 5.42. Colorado 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 Ms 

{3 0.0004 0.0003 4.029 0.0003 0.0002 2.866 

'Y -0.027 -0.010 -0.027 

6 0.525 0.291 0.272 0.501 0.283 0.256 

R2 0.8344 0.7499 0.7943 0.8277 0.7485 0.7833 

R2a 0.8051 0.7057 0.7580 0.8085 0.7205 0.7592 

F 28.5 16.9 21.9 43.2 26.8 32.5 

t:{3 3.189 2.259 3.143 7.683 6.396 7.097 

'Y -0.830 -0.309 -0.956 

6 3.325 1.908 1.976 3.256 1.932 1.879 

VIF:{3 10.67 10.67 10.74 1.06 1.06 1.07 

'Y 10.92 10.92 10.88 

6 1.10 1.10 1.09 1.06 1.06 1.07 

DW 0.579 0.371 0.540 0.464 0.317 0.331 

Standard Parameter 

{3 1.03 0.9 1.1 0.840 0.831 0.856 

'Y -0.27 -0.1 -0.3 

6 0.34 0.2 0.2 0.289 0.207 0.185 
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Table 5.43. New Mexico 

Parameter Model SQecification 
Estimates Ml M2 M3 M4 Ms 

{j 0.00008 0.0004 3.680 0.0002 0.0005 4.402 

I' 0.013 0.018 0.013 

6 0.133 0.282 0.270 0.136 0.286 0.272 

R2 0.9089 0.9137 0.9262 0.8896 0.9095 0.9237 

R2a 0.8928 0.8984 0.9132 0.8773 0.8995 0.9152 

F 56.5 60.0 71.1 72.5 90.5 108.9 

t:{j 1.716 2.987 3.649 10.022 11.792 12.971 

I' 1.898 0.906 0.763 

6 3.755 2.838 2.932 3.959 2.897 2.984 

VIF:{j 10.13 10.13 9.41 1.09 1.09 1.09 

I' 10.13 10.13 9.36 

6 1.09 1.09 1.09 1.09 1.09 1.09 

ow 1.218 0.770 0.892 1.218 0.841 0.963 

Standard Parameter 

{j 0.39 0.8 0.74 0.8 0.9 0.9 

I' 0.44 0.20 0.15 

6 0.29 0.21 0.20 0.3 0.2 0.2 
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Table 5.44. Arizona 

Parameter Model S:Qecification 
Estimates Ml M2 M3 M4 Ms M6 

{3 -0.0002 0.0001 2.160 0.0004 0.0005 5.469 

'Y 0.118 0.081 0.069 

6 0.268 0.355 0.363 0.502 0.516 0.483 

R2 0.9367 0.9036 0.9128 0.7655 0.8490 0.8689 

R2a 0.9255 0.8865 0.8974 0.7394 0.8322 0.8544 

F 83.9 53.1 59.3 29.4 50.9 59.7 

t:{3 -1.851 1.086 1.765 6.554 8.977 9.778 

'Y 6.781 3.102 2.925 

6 2.651 2.340 2.548 2.820 2.970 2.976 

VIF:{3 7.76 7.76 7.04 1.03 1.03 1.04 

'Y 8.19 8.19 7.38 

6 1.16 1.16 1.13 1.03 1.03 1.04 

DW 1.070 0.480 0.537 0.588 0.619 0.658 

Standard Parameter 

{3 -0.372 0.216 0.314 0.8 0.849 0.862 

'Y 1.266 0.698 0.608 

6 0.124 0.169 0.172 0.3 0.258 0.240 
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Table 5.45. Utah 

Parameter Model S:gecification 
Estimates Ml M2 M3 M4 Ms 

{3 0.00005 0.0005 4.282 -0.922 0.001 6.288 

'Y 0.01 0.034 0.03 

R2 0.8060 0.8141 0.8295 0.7050 0.7742 0.7979 

R2a 0.7844 0.7934 0.8106 0.6895 0.7623 0.7872 

F 37.3 39.4 43.8 45.4 65.2 75.0 

t:{3 1.693 2.974 3.311 6.739 8.072 8.661 

'Y 3.059 1.964 1.828 

VIF 3.56 3.56 3.56 1.000 1.000 1.000 

ow 0.354 0.352 0.379 0.470 0.470 0.486 

Standard Parameter 

{3 0.3 0.492 0.6 0.840 0.894 0.905 

'Y 0.5 0.473 0.3 

102 



Table 5.46. Nevada 

Parameter Model SQecification 
Estimates Ml M2 MJ M4 Ms 

{3 0.00005 0.0001 1.985 0.0003 0.0004 5.361 

'Y 0.046 0.051 0.048 

R2 0.8914 0.8595 0.8665 0.6956 0.7282 0.7508 

R2a 0.8793 0.8439 0.8516 0.6796 0.7138 0.7377 

F 73.9 85.1 58.4 43.4 50.9 57.2 

t:{3 0.898 1.673 1.970 6.589 7.359 7.567 

'Y 5.697 4.103 3.948 

VIF 3.52 3.52 3.57 1.000 1.000 1.000 

DW 0.274 0.265 0.292 0.498 0.659 0.581 

Standard Parameter 

{3 0.1 0.239 0.276 0.835 0.863 0.874 

'Y 0.8 0.737 0.705 
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Table 5.47. Washington 

Parameter Model SJ2ecification 
Estimates Ml M2 M3 M4 Ms M6 

{3 -0.00001 -0.00003 0.833 0.0008 0.0004 4.722 

"( 0.157 0.073 0.066 

R2 0.8107 0.6990 0.7014 0.6857 0.6061 0.6235 

R2a 0.7897 0.6655 0.6683 0.6691 0.5854 0.6037 

F 38.5 20.9 21.1 41.4 29.2 31.4 

t:{3 -0.021 0.182 0.427 6.438 5.407 5.609 

"( 3.448 2.357 2.168 

VIF 6.56 6.56 6.43 1.000 1.000 1.000 

ow 0.362 0.420 0.433 0.534 0.554 0.575 

standard Parameter 

{3 -0.005 0.067 0.137 0.862 0.820 0.830 

"( 0.91 0.818 0.754 
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Table 5.48. Oregon 

Parameter Model S}2ecification 
Estimates Ml M2 M3 M4 Ms M6 

{3 0.0001 0.0001 1.182 0.0004 0.0002 2.221 

"Y 0.042 0.020 0.018 

R2 0.7208 0.7119 0.7243 0.6091 0.6293 0.6560 

R2a 0.6898 0.6799 0.6937 0.5886 0.6098 0.6379 

F 23.2 22.2 23.6 29.6 32.3 36.2 

t:{j 1.381 1.721 1.977 5.441 5.679 6.020 

"Y 2.683 2.271 2.112 

VIF 3.06 3.06 3.10 1.000 1.000 1.000 

ow 0.350 0.353 0.384 0.539 0.552 0.571 

Standard Parameter 

{3 0.3 0.305 0.43 0.817 0.839 0.852 

"Y 0.6 0.650 0.46 
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Table 5.49. California 

Parameter Model Sgecification 
Estimates Ml M2 M3 M4 Ms M6 

{j -0.004 -0.0001 -1.715 0.004 0.0002 2.330 

'Y 1.695 0.074 0.070 

R2 0.8514 0.8172 0.7937 0.6500 0.6167 0.6562 

R2a 0.8349 0.7969 0.7708 0.6316 0.5965 0.6381 

F 51.6 40.2 34.6 35.3 30.6 36.3 

t:{j -2.324 -2.144 -1.420 5.941 5.529 6.022 

'Y 4.939 4.444 3.464 

VIF 13.3 13.38 15.39 1.000 1.000 1.000 

ow 0.465 0.406 0.288 0.258 0.243 0.266 

Standard Parameter 

{j -0.8 -0.8 -0.454 0.882 0.846 0.867 

'Y 1.6 1.6 1.366 
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Table 5.50. Alaska 

Parameter Model SJ2ecification 
Estimates Ml M2 M3 M4 Ms M6 

(3 0.00001 0.0001 2.303 0.00004 0.0003 4.511 

'Y 0.014 0.080 0.074 

R2 0.9634 0.9054 0.9132 0.7573 0.7931 0.8210 

R2a 0.9594 0.8948 0.9036 0.7445 0.7822 0.8115 

F 237.2 86.1 94.7 59.3 72.8 87.1 

t:(j 3.045 3.396 3.774 7.699 8.535 9.334 

'Y 10.076 4.620 4.375 

VIF 3.00 2.95 3.13 1.000 1.000 1.000 

ow 0.816 0.535 0.582 0.547 0.735 0.793 

Standard Parameter 

(3 0.2 0.387 0.424 0.842 0.890 0.905 

'Y 0.8 0.618 0.583 
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Table 5.51. Hawaii 

Parameter Model Sgecification 
Estimates Ml M2 M3 M4 Ms M6 

{3 0.0001 0.0004 4.949 0.0002 0.0005 6.196 

')' 0.017 0.020 0.021 

6 0.220 0.424 0.413 0.265 0.475 0.465 

R2 0.8764 0.8574 0.8710 0.8144 0.8454 0.8570 

R2a 0.8545 0.8323 0.8482 0.7938 0.8282 0.8411 

F 40.2 34.1 38.3 39.5 49.1 54.0 

t:{j 2.201 3.969 4.377 6.957 8.778 9.209 

')' 2.918 1.198 1.355 

6 4.244 2.855 2.934 4.469 3.307 3.360 

VIF:{j 3.28 3.28 3.03 1.02 1.02 1.02 

')' 3.49 3.49 3.21 

6 1.12 1.12 1.11 1.02 1.02 1.02 

DW 1.120 1.056 1.143 1.164 1.230 1.311 

Standard Parameter 

{3 0.34 0.7 0.7 0.7 0.8 0.8 

')' 0.46 0.2 0.2 

6 0.38 0.3 0.3 0.5 0.3 0.3 
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CHAPTER VI 

CONCLUSION 

The empirical results presented in Chapter v indicate 

that wine could be either a "normal" commodity or an 

"inferior" commodity, depending on the state. In the states 

where it is a "normal" commodity, people tend to consume 

more when per capita income increases. The opposite is true 

in the states where it is considered an "inferior" 

commodity. In such a situation, when people's per capita 

income increases, people spend more on competing beverages 

rather than table wine. The magnitude of the estimated 

coefficient on per capita income seems to imply that tastes 

and preferences of the people change rather slowly. 

The inclusion of the dummy variable to represent 

indirect and direct factors that are assumed to affect per 

capita consumption indicate that the models capture this 

effect relatively well. Further studies should aim at 

identifying and including these factors in the model. 

The time variable results indicate that in almost all 

the states, the trend towards consumption of table wine has 

been positive. This implies that the tastes and preferences 

of people for table wine is "leaning" toward consumption of 

table wine. However, the magnitude of the estimated 

coefficients of time, which represent, on the average, the 

annual per capita consumption of table wine, seem to 

indicate that this change, for most states, is rather 
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gradual. The absence of the price variable appears to have 

created a problem of autocorrelation. 

Model M1 was found to be suitable for Maine, Vermont, 

Massachusetts, Rhode Island, New York, Ohio, Indiana, Idaho, 

Arizona, Alaska and Hawaii. The estimated coefficient of 

per capita real income for Maine, Vermont, Massachusetts, 

Rhode Island, New York, Indiana and Arizona range from 

-0.00007 to -0.0002. Ohio, Idaho, Alaska and Hawaii had 

positive estimated coefficients ranging from -0.00001 to 

0.0001. These coefficients show that an increase in per 

capita real income of $10,000 is estimated to cause a 

decrease in per capita consumption of table wine ranging 

from 0.7 of a case to two cases when other factors are held 

constant. 

The assumption made earlier that table wine 

consumption is positively correlated with income does not 

hold for most of these states, since an increase in per 

capita real income causes a decrease in per capita 

consumption when other factors are held constant. The 

magnitude of the estimated coefficients indicate that a 

reduction in per capita consumption of table wine of up to 

two cases would result in income increased by $10 000, 

assuming other factors are held constant. The estimated 

regression coefficient for the u.s using M1 is -0.00004, 

which falls in this range of -0.00001 to -0.0002. 
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The negative impact of per capita real income and the 

magnitude of the estimated reduction can be attributed to 

the type of state regulations and the location of these 

states. It was pointed out earlier that the Twenty-First 

Amendment (repeal of prohibition) authorizes each state to 

regulate the sale, distribution, and taxation of wines 

manufactured in that state or imported for consumption. 

This authority to regulate wines gives each state the power 

to foster or retard the development of a wine industry. For 

these states most of which are license states (state gives 

authority to private stores to sell beverage alcohol) as 

opposed to control states (states buys and sells wine), 

consumers either spend their incomes on other commodities or 

buy table wine from other neighboring states. In order to 

discourage consumption of beverage alcohol, most state 

alcoholic beverage laws state clearly that price competition 

should be avoided. This may cause table wine prices in 

these states to be relatively higher than in neighboring 

states and Canada. The proximity to Canada, which 

apparently has lower taxes and wine prices are fixed by 

market forces, could also cause a negative impact on table 

wine consumption. Folwell et al. in their study State 

Regulation and Table Wine Consumption (1970), found that as 

the level of taxation increased, consumption tended to 

decrease. The negative impact of per capita real income on 
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table wine consumption could be due to higher taxes which 

translates into relatively higher prices. 

Despite the negative impact of per capita real income 

on per consumption of table wine, per capita consumption in 

these states has been increasing. The estimated regression 

coefficients for the time variable ranges from 0.003 to 

0.118. Since it is positive, then per capita consumption of 

table wine has been rising. On the average each year per 

capita consumption is estimated to increase by 0.003 to 0.1 

of a case of table wine when per capita real income, and 

direct and indirect factors are held constant using 

aggregate data, the estimated coefficient for the time 

variable for U.S. is 0.029. The contribution to per capita 

consumption of direct and indirect factors, holding per 

capita real income and time constant ranges from 0.061 to 

0.268 of a case of table wine. Therefore, in these states 

the direct and indirect factors have a positive impact on 

per capita consumption. The estimated regression 

coefficient on direct and indirect factors for the U.S. is 

0.028, when other factors are held constant. 

In conclusion, regarding Model M1 and these states, 

time has more impact than the other factors based on the 

computed standardized estimates. Lack of competition by 

retailers and the taxation system appears to have a negative 

effect on the per capita consumption. Since the neighboring 

states have relatively lower excise tax, it seems that 
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consumers prefer to purchase wine from these states because 

of a lower price (Folwell, 1985). 

Model M3 was preferred for New Hampshire, North 

Dakota, Kansas, West Virginia, Kentucky and Wyoming. Except 

for Wyoming, these states have licensed wholesalers or 

producers. The estimated coefficients (elasticities) for 

per capita income range from 2.176 to 5.355. The estimated 

coefficients (elasticities) for the u.s., using aggregate 

data, is 2.340. It is apparent that the geographical 

location does not seem to be an important factor for these 

states. The elasticities indicate that consumers are very 

responsive to table wine with regard to per capita real 

income. In most of these states, minimum prices are set 

(posted) by the state liquor board and the brand owner may 

establish fixed price resale agreements (Folwell, 1985). 

The competition among brand owners and the favorable tax 

rates may be the reason for the sensitivity of per capita 

consumption to per capita real income. 

The time variable coefficient ranges from 0.026 to 

0.270, indicating an increase or rise in per capita 

consumption of wine. The direct and indirect factors on the 

average contributes 0.2 of a case of table wine when other 

factors are held constant. 

Model M4 was preferred for Connecticut, New Jersey, 

Michigan, Minnesota, South Dakota, Nebraska, Delaware, 

Tennessee, Mississippi, Oklahoma, Colorado, New Mexico and 
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Washington. Per capita real income has a positive effect on 

the per capita consumption of table wine in these states and 

it ranges from 0.00001 to 0.0002. There does not seem to be 

any geographical pattern among these states that groups them 

together. Even the tax rates are different for different 

states. However, it is probable that indirect and direct 

factors which have not been separated in this study may be 

having a big impact on per capita consumption of table wine. 

The direct and indirect factors have estimated regression 

coefficients ranging from 0.030 to 0.581. Further studies 

should aim at breaking down and incorporating these factors 

in the model. 

Wisconsin, Maryland and Louisiana had M5 as the 

preferred estimated model. There is no price regulation in 

these states (Folwell, 1985), even though minimum prices may 

be posted by the state liquor board. This leads to the 

prices being determined by the market forces of demand and 

supply. This may be the reason per capita consumption is so 

sensitive to per capita real income. The neighboring states 

have different estimated coefficients for per capita income 

because they may have different state regulations. 

The rest of the states had M6 as the preferred 

estimated model. All of these states have per capita income 

causing a positive effect on per capita consumption of table 

wine. Direct and indirect factors also have a positive 

effect on per capita consumption of table wine. In these 
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states, consumers respond positively to an increase in per 

capita real income. The difference with neighboring states 

stems from differences in state regulation and possibly the 

age and population in each state. 

Overall, the taxing policy and state regulations with 

regard to prices of the individual states, both in direction 

and magnitude, appears to have had a significant effect on 

the movement and consumption of table wine. Even though the 

age of the population was not incorporated in each state due 

to the unavailability of data, this study recognizes that 

this could be one of the explanations for the differences in 

results between states. 
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