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ABSTRACT 

During the past two decades the fluctuation in the domestic consumption 

of meat products indicated precarious trends in meat consumption. 

Furthermore, changes in the prices of goods and income have not fully 

explained these trends, suggesting that demographic factors have influenced 

consumer tastes and preferences. 

Using an iterated procedure for estimating a system of demand 

equations the effects of own price, cross price, income, and selected household 

characteristics on the domestic demand for meat products were determined. 

The selected household characteristics consisted of health information, 

opportunity cost of time, and the desire for convenience. 

The significance of the cross price relationships, time trends, and 

demographic variables suggests certain consumer behavior patterns. These 

variables indicate that the increased availability of health information 

negatively affects those products which show visible fat, but not those ground 

or processed. The employment status of females does not influence meat 

consumption in any recognizable pattern. And, the acceptance of microwave 

ovens encourages the consumption of meat that is in ground or processed 

form, or packaged in small quantities. 
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CHAPTER 1 

INTRODUCTION 

PROBLEM SETTING: 

The purpose of the meat industries is to provide products to consumers. 

In the United States the meat industry is a chain of industries beginning with 

the land on which the animals are raised and ending with the distribution of 

products to grocery stores, restaurants, and fast food establishments. In 

between the meat industries require feed inputs, veterinary care, special 

equipment, slaughtering houses, packaging, transportation, promotion, and 

marketing. Throughout this sector, domestic and foreign policies are 

constantly being implemented and updated by government agencies. 

Ultimately, this whole structure hinges on consumer demand for the product. 

Traditionally, meat products have accounted for over 30% of a 

consumer's food budget and over 40% of dietary protein. Thus, meat products 

are an important component in the household budget and the diet of family 

members. However, consumption patterns are changing. For example, per 

capita consumption of chicken has increased, while an individual's stomach 

capacity has remained unchanged. Many factors have been suggested as the 

cause of these consumption trends, namely; decreasing prices, income 

growth, increased waste, new products, changing lifestyles, new varieties, 

dietary information, household composition, changing preferences, etc. 

Demand is influenced by the prices of goods, income, and the 

consumer's tastes. A demand system which uses only prices, quantities, and 

income does not fully explain the changes in the patterns of meat 

consumption over the past two to three decades. The media has suggested 

several factors, including the increase in the participation of women in the 

work force, the publication of dietary information, and the development of 

microwave ovens, as the source of changes in the domestic consumers' 

preferences for meat. The use of these variables, while very specific and not 

able to cover all possible factors that influence demand, can enhance a 

demand system and provide new information. Also it is possible that these 
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factors, if they have not affected demand in the past, could affect meat demand 

more prominently in the future. 

If these explanatory factors do influence consumer preferences they 

will cause a change in the structure of demands. A structural demand change 

will alter prices and quantities so that incoreect predictions of welfare levels 

and long run adjustments in production could arise. Furthermore, Nyankori 

and Miller (1982) claim that structural changes underlie both the public and 

private sector's marketing programs in public trade, food and nutrition 

policies, and commodity programs. The media's hypotheses about the 

importance of dietary information, female employment, and the desire for 

convenience are also potentially important factors to changes in the structure 

of consumer demand. The overall objective of this study is to increase the 

understanding of recent changes in consumption patterns and structural 

demand changes. 

SPECIFIC OBJECTIVES: 

1) Estimate two demand models for meat consumption in the United 

States using pork and disaggregated beef and chicken data, 

2) Determine if meat demand has been stable or whether exogenous 

growth or decline has occurred from 1962 to 1988, 

3) Explore whether the entry of women into the work force has 

changed the structure of meat demand during the years 1962-1988, 

4) Investigate whether information concerning the health aspects of 

meat consumption, published over the years 1962-1988, has changed the 

structure of meat demand, 

5) Consider whether the introduction of microwave ovens into U.S. 

households during the years 1962-1988 has changed the structure of meat 

demand. 

ANALYTICAL PROCEDURES: 

Two commonly used demand models, the Rotterdam and Almost Ideal 

Demand System (AIDS), will be estimated using regression analysis. Time 

series data from 1962 to 1988 consisting of price, quantity, and income 
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variables, plus other explanatory variables to account for the emergence of 

information relating meat consumption to health problems, to deal with the 

employment status of all civilian females, and to represent the saturation of 

microwave ovens in households, will be used to estimate the model. 

Published articles about the health effects from the consumption of 

meat products were used to represent a consumers level of knowledge an its 

effects on the demand for meat. Articles that were counted focused on medical 

evidence linking meat consumption to high blood cholesterol levels and, 

therefore, heart disease (arteriosclerosis). 

Secondary data on the employment of females represents female 

employment trends. The use of this variable in a demand model provides 

useful insight into the effects of the changing opportunity cost of time on 

meat demand. 

The percentage of U.S. homes containing microwave ovens represents 

changes in food preparation technology. 

ORGANIZATION OF STUDY: 

Chapter 2 describes the basic demand theory and evolution of a demand 

system. It also discusses the implementation of the empirical model for 

estimation. The next chapter reviews previous work in the area of meat 

demand, specifically the estimation of parameters, tests of structural changes, 

and the hypothesized causes of recent consumption trends. Chapter 4 

describes the data used, specifies the mathematical models, and discusses the 

estimation technique. Chapter 5 concentrates on the parameter estimates and 

elasticity calculations. This chapter also compares the results obtained to 

previous work and a priori expectations. The final chapter reviews the study 

problem and objectives, analyses the results in broader terms, discusses the 

main restrictions placed on the study, and suggests potential future research. 
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CHAPTER 2 

REVIEW OF DEMAND THEORY 

This chapter will describe the basic economic framework that underlies 

demand analysis. It begins with a conceptual model of an individual's 

purchasing behavior. This model is used to derive a marketwide demand 

system and specific representation of the system. Relevant theories and 

concepts are presented, specific demand systems are described, and various 

issues relating to estimation of these systems are reviewed. 

UTILITY - BASED DEMAND SYSTEMS: 

The analysis of demand begins with an individual's utility function, a 

financial constraint, and given prices of all goods in the marketplace. The 

consumer is assumed to maximize utility by selecting a consumption bundle 

which implies that the resulting demand functions must conform to certain 

restrictions. This chain is constructed in the following paragraphs. 

The traditional static model of individual consumer demand provides the 

foundation for the majority of empirical demand studies. In neo-classical 

consumer demand theory the quantity of a good demanded (endogenous 

variable) is a function of income, its own price, and the prices of all other 

goods (exogenous variables). Formally, the dependency of quantity on the 

other variables is expressed by a general demand equation of the form: qi = fi 

(pi, p2, . . ., pn, m) where qi represents the quantity consumed of good i, pi . . . 

pn are the prices of all available goods, and m represents total expenditure 

which is assumed equal to total income. In two dimensions, the demand 

function is represented by a demand curve which shows both the quantity a 

consumer will purchase at given prices, and the price at which a consumer 

will purchase a given quantity. In other words, it relates the price to the 

quantity demanded of a commodity. A linear demand curve is depicted in 

Figure 1. 
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Underlying this 

demand model is the 

utility (preference) 

function represented 

by U = f(q) where U is 

utility and q is a vector 

of n total goods and 

services which are 

available to the 

consumer. The 

individual's preferences 

are described by the 

utility function. This 

function measures 

satisfaction from 

purchasing and consuming goods by using numbers to represent a preference 

ordering. In general, a direct utility function is twice continuously 

differentiable, should increase with each commodity consumed (positive 

monotonic), and is strictly quasi-concave. 

Given a vector of prices, p, that corresponds to q the consumer attempts 

to obtain the greatest possible utility (maximize utility) through his/her 

selection of goods. A consumer's decision to purchase an individual item is 

made with reference to decisions regarding the purchase of other items. This 

interdependency among purchasing decisions is due to the limited disposable 

income that the consumer has to spend on the mix of goods. This budget 

constraint is specified as p'q = m. 

Five axioms are required to provide this utility function with certain 

desirable characteristics and properties, specifically; complete ordering, non-

satiation (more is preferred to less), consistency, substitutability, and 

optimality. In empirical studies this function is required to satisfy some or all 

of the axioms, depending on the aims of the researcher. 

The derivatives of the utility function have important interpretations 

in the model of consumer choice. The fust-order derivatives are positive and 

guarantee that utility is constrained by the consumer's income. Positive first-

FIGURE 1: Two-dimensional Demand Curve 

Demand 

This curve relates the quantity of a good 
or commodity (ql) to its price (pi) and 
vice versa. 
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order derivatives also indicate that by increasing the quantity of any good, a 

larger utility value will result. If a third-order derivative exists the matrix of 

second-order derivatives (the Hessian) is symmetric. Also, a negative definite 

Hessian matrix implies that the solution is a constrained maximum, not a saddle 

point or a minimum. This matrix is non-singular and reflects the interactions 

among goods in the preference ordering. 

Utility maximization results in n general demand equations that taken 

together define an interdependent system of equations. This set of demand 

functions is required to possess the neo-classical conditions of homogeneity, 

symmetry, and Engel aggregation. These conditions result from the 

specifications of the utility function, the budget constraint, and the conditions 

in the optimizing process. In other words, the system must satisfy these 

conditions because the optimizing process restricts the functions available to 

represent demand behavior. These conditions are used as theoretical 

constraints and are applied to the derivatives of the demand functions. 

Derivatives of the demand functions can also be used to provide 

information on the sensitivity of the demand for a commodity to price and 

income changes. When data is in logarithmic form, these changes are 

measured as logarithmic derivatives and are referred to as elasticities. 

Traditional demand elasticities measure consumer's reactions of consumption 

to changes in prices and income. 

The set of demand equations forms a complete demand system because it 

includes all of the commodities in an individual's budget and contains a 

demand function for each commodity. Unfortunately, this demand system is 

very general and has extensive data requirements when typically only a few 

commodities are of interest. Thus, to examine meat demand the relevant 

commodities can be included individually while all remaining food groups are 

lumped together into a single price and expenditure variable; separability 

assumptions allow the aggregations and are decribed in Chapter 4. This 

reduces the number of estimated parameters. 

Constraints: 

The classical consumer demand model requires the demand equations to 

possess negativity, homogeneity, symmetry, and Engel aggregation. Using the 
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<ii = ai + I>ij (ty + Pi m 
demand equations: j , for i = 1 to n, these conditions are 

a., Y-- . 3-
represented as restrictions on the model coefficients ( 1 »J ')• All the 

coefficients are involved in the adding-up restriction which specifies that the 

intercepts sum to one and that the Y's and P's sum to zero in each equation. The 

homogeneity and symmetry conditions involve the price coefficients. 

Homogeneity dictates that the coefficients on all the prices in each equation 

sum to zero, and symmetry requires that cross price relationships between 

commodities are identical. These constraints are imposed during estimation 

and are used to insure results which are theoretically correct. Restrictions 

also have the advantage of reducing the effect of multicollinearity among the 

prices. The homogeneity condition specifically removes the consequence of 

inflation. 

Some functional forms used to represent market behavior dictate that 

consumer preferences be subject to direct or indirect additivity. Direct 

additivity implies that the amount spent (budget share) for a commodity is 

independent of its price. Indirect additivity implies that the budget share is 

independent of the quantity purchased. The estimated price and income 

elasticities are further restricted by the imposition of the additivity condition. 

The ability to classify goods into groups is the reason for separability 

assumptions. If a specified utility function is separable into groups of goods, it 

is said to be a partial utility function. And if a partial utility function is 

further separable into more subgroups a utility tree is created. The 

separability assumptions which are imposed to create this tree also permit 

restrictions. The result is a two tier elasticity matrix structure, one tier 

represents within group elasticities and the other tier represents the 

elasticities between groups. Two decision levels are then identified; first the 

amount spent on each group, and second the choice of quantities of the goods 

in each group. Unfortunately, the assumption of separability restricts the 

between-group substitution effects making research with disaggregated 

commodity groups difficult. However, it limits the number of parameters to be 

estimated and the number of preference structures that demand systems can 

represent which is desirable when the number of commodities is large. 
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Weak separability tests have been used to help researchers understand 

how consumers allocate their meat expenditures. Non-parametric tests 

developed by Varian (1983) are used for weak tests of separability between 

groups. Diewart and Parkan (1985) also developed non-parametric tests for 

weak or additive separability of a utility function. These tests are non-

parametric in the sense that they do not depend on the underlying utility 

function. Thus, they do not impose unwanted restrictions on the utility 

function. 

Other tests can be employed to identify if the correct assumptions were 

made. For example, the Durbin-Watson statistic is commonly used to identify 

autocorrelation and to test the validity of the dynamic specification. Zellner 

(1962) posed a method to test for aggregation bias. 

Barten (1977) compared tests of homogeneity, symmetry, negativity, and 

strongly separable preference conditions from several studies. Homogeneity 

was usually rejected in large systems. Strong separability, or additivity, was 

also too limiting. Symmetry was rejected less frequently than homogeneity. 

Given symmetry and homogeneity, negativity was not restrictive. Overall, 

Barten maintains that restrictions should not be built into the demand model 

because it requires that all restrictions be tested simultaneously, thus 

prohibiting the testing of individual restrictions. 

Cost Functions: 

Applying Euler's theorem to the demand functions allows the cost 

functions to be derived. A cost function determines the minimum expenditure 

necessary to obtain a desired level of utility and defines the level of utility 

available at given prices. The first partial derivatives of the cost functions, 

with respect to the prices of goods, are the demand functions. Thus, cost 

functions are frequently used as the starting point for many demand systems. 

The cost function is linearly homogeneous, increasing, and concave in 

the prices. The concavity characteristic implies the law of demand. By taking 

the second partial derivative of the cost function, with respect to price, the 

Slutsky substitution effects are obtained. If the Slutsky substitution effects are 

expressed in elasticity form, the compensated price elasticities result. 
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Furthermore, the uncompensated price and total expenditure elasticities 

identify the position and slope of ordinary demand functions. 

EMPIRICAL ESTIMATION OF DEMAND SYSTEMS: 

There are three approaches to functional form specification of a 

complete demand system: direct utility, indirect utility, and direct demand (or 

expenditure) equations. A linear expenditure system, L.E.S., (Stone 1954) is an 

example of a direct utility function. Christensen, Jorgenson, and Lau (1975) 

used a translog model to represent an indirect utility function. The AIDS by 

Deaton and Muellbauer (1980) and Rotterdam model used by Theil (1965) both 

approximate demand systems directly. 

Barten (1977) compared the empirical performance of various 

functional forms; Rotterdam, indirect addilog, and linear expenditure system. 

He used the estimation results of several researchers. In this limited survey, 

different types of tests were used, data overlapped, and usually the tests were 

biased toward rejection of the null hypothesis because they were not corrected 

for small sample bias. Nevertheless, the Rotterdam model was found to 

dominate the others. In summary, several demand systems can be used to 

explain the allocation of expenditures on food, but the two most commonly used 

are the Rotterdam System (Barten and Theil, 1975) and the Almost Ideal 

Demand System, AIDS (Deaton and Muellbauer, 1980). Both of these models 

possess many desirable characteristics, but neither encompasses the other. 

The Rotterdam and AIDS models are discussed in depth because they have been 

used extensively in recent research. This section begins with a discussion of 

the implications of specifying a particular functional form, discusses two 

demand systems, and ends with a description of topics that need to be 

considered prior to the implementation of an empirical model. 

The issue of the functional form must be addressed in empirical 

applications. Many forms exist, but the choice depends on the aims and 

preferences of the researcher. For example, restrictive functional forms bias 

estimation results toward the identification of a structural change, and more 

general specifications or alternatives are sometimes ignored. As Chalfant and 

Alston (1988) state, "picking a functional form is a means of imposing prior 
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beliefs on a demand system in an attempt to glean more information from the 

data set." 

Rotterdam and AIDS Demand Systems: 

The Rotterdam system is a directly specified demand system which, 

together with its restrictions, is consistent with consumer demand theory. The 

Rotterdam model is linear in parameters, the parameters are related to 

underlying theoretical restrictions, and it can model the whole substitution 

matrix. It is derived by totally differentiating ordinary demand equations and 

assumes that the Slutsky parameters and the marginal budget shares remain 

constant over time.1 The negativity condition applies directly to the price 

affect matrix in this model. The homogeneity and symmetry restrictions of 

demand theory can be tested by placing linear restrictions on the parameters. 

The Rotterdam system proposed by Theil (1965) is a variant of the log 

linear specification. The endogenous variables are the first differenced 

logarithms of per capita consumption multiplied by two-period moving 

average budget shares. The endogenous variables are linearly related to 

changes in real per capita total consumption expenditures and logarithms of 

real price relatives. This model imposes strong restrictions on the 

consumption responses to income, own price, and cross price changes. The 

parameters of the system ensure that the usual restrictions, and those from 

separability are met. 

Mountain (1988) proved the Rotterdam model is like other flexible forms 

because it is a valid linear approximation of an individual's demand function. 

The coefficients of a Rotterdam system relate to the underlying cost function. 

Thus, the coefficients can be used to estimate price and income elasticities. 

The Almost Ideal Demand System (AIDS), unlike the Rotterdam model, is 

derived from explicit preference characterizations and demand functions. 

With an AIDS, the cost function represents the preferences of market demand 

based on the outcome of decisions made by a representative rational consumer 

JIn applied econometrics a "constant" is defined as a magnitude that varies less 
than the variable it is linked to. 
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(PIGLOG). The AIDS has the following characteristics as shown by Deaton and 

Muellbauer (1980): 

1) gives a first-order approximation to any arbitrary demand system, 

2) exactly satisfies the axioms of choice, 

3) perfectly satisfies aggregation over consumers without invoking 

parallel linear Engel curves, 

4) has a functional form which is consistent with known household 

budget data, 

5) is simple to estimate and can avoid non-linear estimation, 

6) can test symmetry and homogeneity conditions with linear 

restrictions on the fixed parameters. 

The AIDS cost function has a flexible form property and the budget 

shares, as a function of prices and utility, can be obtained from the 

logarithmic differentiation of the cost function. The budget shares are then 

determined as a function of prices and expenditures to derive the demand 

functions. The budget shares of the commodities are linear in the logarithms 

of relative prices and the logarithm of real total expenditures. The restrictions 

of adding-up, homogeneity, and symmetry are necessary to make the model 

consistent with demand theory. All restrictions can be imposed globally since 

they are expressible as linear constraints involving only the parameters. 

Unfortunately, non-negativity of the average budget shares' cannot be 

insured by imposing restrictions. It can only be verified by the results. 

The AIDS and Rotterdam models differ in their specification of the 

traditional dependent and income variables. In the AIDS model the dependent 

variables are the budget shares, and the income variable is represented by the 

real per capita expenditures divided by Stone's price index when the linear-

approximate form is estimated. The dependent variable in the Rotterdam model 

also uses the budget shares, but multiplies them by the differenced 

logarithmic quantity of the commodity. The income variable in the Rotterdam 

model is represented by the budget-share weighted personal consumption 

expenditures of all the remaining commodities. Overall, the Rotterdam model 

and the AIDS require the same data. 

Brester and Wohlgenant (1990) estimated the two demand systems 

focusing on meat commodities and noted, as other researchers have, that 



21 

elasticity estimates obtained from the Rotterdam and the AIDS models are very 

similar. 

CONSIDERATIONS PRIOR TO EMPIRICAL IMPLEMENTATION: 

Before implementing an empirical model several problems must be 

acknowledged and dealt with if possible. First, researchers are usually more 

interested in analyzing market, rather than individual, behavior. It is, 

therefore, assumed that aggregate per capita demand relations depict the 

demand functions of a "representative" consumer. This concept is further 

discussed latter in this chapter. Next a demand structure must be chosen from 

the admissible set provided by the solution to the optimizing criteria. 

Unfortunately, there is no objective decision criterion which can be used to 

choose a structure. Third, the quantities, prices, and total expenditure 

described in the conceptual model may not correspond with the data available. 

Fourth, the theory is static, specifying maximizing utility for only one period. 

However, intertemporal separability conditions can be imposed on the utility 

function for maximization over more than one period. Fifth, to take all 

constraints into account, the set of equations must be estimated jointly. Joint 

estimation requires system wide adding-up restrictions that cause singularity 

in the covariance matrix. Usually, one demand equation is deleted from the 

system to avoid this singularity. Last, to develop empirical results 'Rules of 

Thumb' are used. These rules are based upon assumptions, conventional 

wisdom, experience, and theory,2 and are used to define demand structures. 

Unfortunately, they may also be sources of specification error. Overall, these 

problems are important because they form a gap between the theoretical 

optimizing model and its empirical implementation. 

Some of the more significant factors affecting the estimation of a 

demand system are aggregation, price vs. quantity dependency, demand shifts, 

and structural demand changes. 

2Haidacher (1983). 
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Aggregation: 

To estimate an empirical model, individual demand theory must be 

modified to represent the concept of aggregate demand. Usually, the 

population of consumers is assumed to be homogeneous, hence using total 

population to derive per capita consumption estimates is accepted. 

Homogeneity of the population assumes that all consumers are identical and all 

face identical prices, thus making micro theory relevant for the available 

data. Consistent aggregation occurs when the micro and macro conditions are 

identical. Aggregation presents a problem when considering statistical tests, 

errors in functional specification, inadequate data, and incorrect treatment of 

the random components. However, two alternatives exist for dealing with the 

aggregation of market demand for empirical estimation: the use of strongly 

restricted demand systems, or approximating the systems without theoretical 

restrictions. Unfortunately, abandoning underlying theory leaves the 

curvature of the estimated demand 'unguided' making this approach very 

difficult to use. Therefore, most researchers impose restrictions. 

Problems rising from aggregation are occasionally reduced through the 

inclusion of demographic variables. Demographic factors can be incorporated 

into traditional demand theory through their expression as exogenous 

variables. These variables are believed to affect preferences of the 

representative consumers, which in turn influences the quantity of a product 

demanded. 

Pollak and Wales (1981) used a generalized CES demand system, 

containing one demographic variable, to compare five procedures for 

incorporating demographic variables. The comparisons did not assume a 

particular functional form for the demand system, merely a general 

description. They described and estimated the modified Paris-Houthakker, 

Gorman, and reverse Gorman procedure, demographic scaling, and 

demographic translating. They found the modified Paris-Houthakker 

approach worked very well, and only the translating procedure was rejected. 

Price vs. Quantity Dependent Systems: 

For many agricultural products the quantity supplied is fixed; hence the 

quantity is predetermined. This conflicts with the assumption of 
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predetermined prices. When prices are a function of the quantities demanded 

and income, inverse demand systems result. These models attempt to explain 

prices by the quantity supplied. Endogenous prices can be caused by 

production lags whereby current quantities must be assumed given. If the 

very short run is considered it would also be reasonable to assume that 

quantities, rather than prices, are given. Under these assumptions, market 

prices would adjust to quantities supplied. Also lower correlation among 

quantities than among prices, gives another reason for estimating price 

dependent forms. 

Braschler (1983), Chambers and McConnell (1983), Dahlgran (1986), and 

Huang (1988), to name a few, have all used inverse demand systems in their 

studies. Anderson (1980) derived the properties of an inverse system and 

presented its underlying theory. The properties of this system are analogous 

to those derived from constrained utility maximization which gives ordinary 

demand functions. 

In demand estimation the basic conceptual tool is elasticity 

measurements. An elasticity is defined as the percent change in quantity 

demanded of a good in response to a one percent change in either the price of 

a good or income, ceteris paribus.3 Therefore, an elasticity describes how a 

consumer would alter his/her consumption in response to a change in a single 

price or income. 

Elasticity measurements are derived from traditional quantity 

dependent demand systems; therefore, when an inverse demand system is used 

responsiveness is measured by flexibilities which indicate the percentage 

change in price associated with a isolated 1 percent increase in the quantity 

sold. Flexibilities are estimated when the supplies of commodities are known 

prior to their market price and are useful in price forecasting. Houck (1966) 

derived flexibility restrictions directly from those imposed on elasticities by 

traditional demand theory. Furthermore, Houck (1965) stated that when 

observations are used in logarithmic form, the resulting coefficients are the 

market level cross and direct price flexibilities. 

3A11 other factors remaining constant. 
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Because elasticities are free of measurement units they are used to 

indicate comparative demand equilibria, the characteristics of a particular 

good, and for comparison between goods. Price and income elasticities are 

used to identify the structure of the demand curve. More specifically, income 

elasticities indicate whether a good is either inferior, normal, or superior and 

cross price effects indicate a substitution or complementary relationship 

between commodities. Furthermore, elasticities of substitution estimates are 

used to portray consumers' willingness to substitute different commodities in 

response to relative price changes 

Thus, accurate elasticity FIGURE 2; Elasticity Measurements 

measurements are very 

important in empirical 5=0 

demand analysis. A 

presentation of elasticity 

characteristics of possible 

demand curves are 

presented in Figure 2. 

The relationship 

between the price elasticity 

and the price flexibility is 

generally believed to be 

reciprocal, but this requires 

the cross flexibilities to be 

zero. Houck (1965) showed 

that the strength of the 

cross effects among commodities causes the estimated flexibility reciprocal to 

deviate from the price elasticity. He found that the lower absolute limit of the 

direct price elasticity is the reciprocal of the flexibility. In other words, if 

cross effects are present between commodities the reciprocal of the flexibility 

will be absolutely less than the real elasticity. 

Elasticities of demand change over time due to three factors. The first, a 

movement along the demand curve, implies that the intersection of supply and 

demand has moved to a new point along a non-constant elasticity demand 

curve. A shift in the demand curve and a change in the relationship between 

= OO 

8 = constant elasticity C 
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quantity and price are the other two, both of which imply that supply is static 

and demand has changed. Usually, demand and supply changes occur 

simultaneously. To explain changes in elasticities all three sources must be 

examined. Most economists emphasize that changes in demand are not 

equivalent to elasticity changes. 

Demand Shifts and Structural Changes: 

Demand systems are based on microeconomic theory which center on 

changes in the equilibrium positions caused by total expenditure and price 

changes. By definition, shifts in demand are caused by 'other' variables, such 

as, changes in the prices of substitutes and complements, and changes in 

income and total expenditure. In model construction, the substitution effect of 

price changes captures the effect of these 'other' variables. Usually, a time 

trend variable is added to the system to capture all kinds of time dependent 

shift factors. This variable is used to represent smooth changes over time. 

Some economists (Houthakker and Taylor 1965) have even used lagged 

quantities, income, and prices to represent these changes. Changes in a 

household's technology and technical progress are also reflected by shifts in 

demand functions. In summary, shifts in demand are usually caused by 

changes in income and substitute goods prices. 

Models are derived to simplify, and abstract from, real world 

occurrences in an attempt to explain patterns. Theories are used to explain 

observed behavior by means of a scientific model. A theory describes the 

interrelationship among the various factors in the model. When an observed 

behavior is not explained by a theory, a change in structure is said to have 

occurred. Moreover, changes in the structure of demand are caused by taste 

changes. The remainder of this section focuses on what is meant by the 

structure of demand and a structural demand change. In addition, the means 

to identify such a change and the importance of its detection are also 

discussed. 

The structure of demand is determined by the unobservable utility 

function and the optimizing process. So, when the demand structure changes 

the source of the change is also unobservable. Therefore, a strong theoretical 

foundation does not exist for the concept of a structural change. However, 
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some working definitions have been used. One is that during the sample 

period of a demand model, if the parameters change a relatively small number 

of times in reaction to existing forces, whether or not they are in the model, a 

structural change occurred (Poirier 1976 and Nyankori and Miller 1982). 

Haidacher (1983), more generally, states that changes in the parameters of 

unobservable utility functions of a representative consumer cause a structural 

change. As such, for a given set of prices and expenditure the equilibrium 

quantity would change. Thus, a structural change in the demand for a meat is 

theoretically defined as a change in the consumer's tastes and preferences for 

that meat given constant income, relative prices, and food supplies. It can be 

identified by a change in elasticity relationships, although such changes can 

also indicate a specification problem. 

Demand relationships may exhibit temporal variations that are not 

explained by economic theory. By assuming a structure remained constant 

during a period of analysis when actually it changed, the estimated equation 

would be applicable to neither the period before nor after the change. The 

results would be averages, not reflecting accurately what really occurred 

during either period. The behavior of demand can thus continually vary over 

time, or change between sequential time periods. In both cases the demand 

relations change over time, yet once a change occurs in the latter case, a 

prevailing effect results which is distinctly observable for some period of 

time. According to Nyankori and Miller (1982) this type of change can result 

from business cycles, advertisements, public policy, or tastes. Those factors 

affecting preferences cause episodic demand changes. Both forms of behavior 

have been analyzed in recent works. 

To test the stability of red meat demand, a researcher first asks if the 

expenditures and relative prices of meat are able to provide a complete 

explanation of the pattern of consumption. If the consumption of a commodity 

has been declining and structural change in demand has occurred, corrective 

action such as grading changes, advertising, or consumer educational 

programs can be taken to shift the preference relations in a desired direction. 

But, if a structural change has not occurred the decrease in consumption could 

be from the development and availability of new competitive products which 

consumers prefer, possibly warranting product research. However, a change 
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in the price of a competitive product is not a structural change. 

Unfortunately, if the decrease in consumption was the result of market forces, 

the industry must wait for a favorable change in economic conditions. 

A structural change in the demand for a commodity can be identified 

with parametric and non-parametric methods. With the parametric approach 

a functional form is chosen for the demand curve and its parameters are 

estimated. Then structural changes in the estimated system are detected by 

diagnostic tests, such as the autocorrelation of residuals, stability of parameter 

estimates, and statistical significance of trends. 

Recursive residual analysis is a parametric method that involves 

generating one-step-ahead forecasts which are compared to the actual data. 

The differences are the recursive residuals that are used to detect movements 

in the parameters and coefficients. These residuals are plotted with the mean 

value and significance lines against time. The beginning of the years falling 

outside the significance lines represents a structural change in the demand 

for that commodity, i.e. a change in the coefficients. Thus, parametric 

analysis can identify the exact time periods when changes occurred. 

Non-parametric tests were developed by Varian to detect preference 

changes without having to impose a functional form. These tests are 

commonly employed because they only use the raw data points and, therefore, 

are easy to administer. The non-parametric approach relies on using revealed 

preference analysis and can be used to test the hypothesis that preferences 

are stable. A "revealed preferred" bundle of goods is identified when its actual 

expenditures (in a certain period) are greater than the expenditures 

calculated using the same bundle consumed in a different time period, using 

the first period's prices. Thus, when bundle pairs are revealed to be preferred 

to each other the preferences are stable. These revealed preference 

relationships are referred to as the generalized axiom of revealed preferences, 

GARP, by Varian (1982,1983). Non-parametric tests can also be used for tests of 

weak separability between groups. 

Attempting to determine the direct cause of a change in structure 

begins with a maintained hypothesis of the "true" structure. The alternative 

hypotheses consist of a priori specifications not included in the "true" 

specification. Frequently, if the maintained hypothesis is rejected a 
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researcher chooses the cause from the set of alternatives. But because the 

alternative hypothesis is unspecified, it may be a structural change or a 

specification bias. Omitted variables or incorrect functional form could also 

cause parameter instability, thus making well developed and maintained 

hypotheses necessary for the study of changes in structure. 

SUMMARY: 

This study uses the basic quantity-dependent demand systems specified 

in the first section of this chapter. During the past few decades the invention 

of econometric programs has enabled the use of such systems for estimation of 

models with a relatively small number of goods, e.g. maximum of 

approximately twelve. As in previous studies, theoretical restrictions, 

aggregation conditions, and separability assumptions are employed. More 

specifically, this analysis of demand begins with demand functions 

represented by the AIDS and Rotterdam models. The main purpose of this 

research is to incorporate new explanatory variables, derive elasticities, and 

test for structural demand changes in an attempt to better explain past 

consumption patterns. 
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CHAPTER 3 

MEAT DEMAND REVIEW 

The first meat demand studies were undertaken approximately four 

decades ago. The objective of early studies was to estimate traditional demand 

models. The parameter estimates were then used for forecasting and 

prediction. In the 1970s these models and estimation techniques began to lose 

their effectiveness and accuracy. Consequently, researchers began 

hypothesizing about and testing for demand changes and changes in the 

structure of the demands for meat commodities. This led many individuals to 

hypothesize about the cause of such changes. Currently, researchers are 

attempting to explain changes in structure by incorporating the hypothesized 

causes into the demand models. This history of the demand for meat 

commodities falls naturally into three stages: structural estimates, structural 

change, and hypothesized causes of the changes. 

STRUCTURAL ESTIMATES: 

Historically researchers focused on estimation and prediction, and thus 

the calculation of own price, cross price, and income elasticities and 

flexibilities. A comprehensive list of price and income responses from meat 

demand studies is presented in Table 1 and a selected few will be further 

reviewed by type. 

Price Elasticities and Flexibilities: 

One of the pioneering studies in meat demand was done by Tomek (1965). 

He estimated the price elasticity of demand for aggregate beef, pork, and 

broilers for the 1949-1956 and 1956-1964 periods, and found evidence of more 

elastic demand relations in the latter period. The elasticities of each period 

indicated that both the level of demand and slope of the curve had changed. 

For the latter period the own price elasticity of beef and pork was elastic, 

while that of broilers was inelastic. 



TABLE 1: Summary of Price and Income Elasticities and Flexiblities 
from Selected Meat Studies 

ELASTICITIES 
AUTHORS ESTIMATION TYPE OF DATA PRODUCT YEAR PRICE INCOME 

PERIOD 
Pope, Green, & 1950-1975 Annual Beef 1950-1975 -0.679 0.607 
Eales (1980)1 Pork It -0.814 0.383 Eales (1980)1 

Poultry it -0.609 0.572 
Heien (1982) 1947-1979 Annual Beef 1947-1979 -0.96 1.27 

Pork tl -0.51 0.33 
Chicken tt -0.80 0.33 

Haidacher et al. 1953-1977 Annual Beef/veal 1953-1977 -0.65 0.23 
(1982) Pork it -0.73 0.48 

Other meat tt -0.69 0.44 
Chicken ft -0.58 0.18 
Turkey tl -0.65 -0.36 

Chavas (1983)2 1950-1970 Annual Beef 1970-1979 -0.97 0.19 Chavas (1983)2 

Poultry tl -0.80 0.62 
Pork tt -0.74 0.39 

Moschini & 1966(1)- Quarterly Beef 1976(1) -0.35 0.15 
Meilke (1984) 1981(4) 1981(1) -0.77 0.11 
Thurman (1986) 1955-1983 Annual Beef 1975 -0.59 1.03 

1983 -0.11 1.22 
Pork 1975 -0.8 0.76 

1983 -0.73 0.98 
Poultry 1975 -0.66 0.46 

1983 -0.41 0.90 
Wohlgenant 1947-1979 Annual Beef 1947-1979 -1.03 Not reported 
(1982, 1986) Pork tt -1.04 tt 

Poultry tt -0.58 tt 



Huang (1986) 1953-1983 Annual Beef/veal 
Pork 
Other meat 
Chicken 

1953-1983 -0.61 
-0.73 
-1.37 
-0.53 
-0.68 

0.45 
0.44 
0.06 
0.36 
0.32 

Dahlgran (1987) 1950-1985 Annual Beef 1985 -0.659 0.435 
Pork It -0.584 -0.054 
Chicken ft -0.602 0.212 

Chalfant 1947-1978 Annual Beef 1947-1978 -0.375 1.286 
(1987)3 Pork " -0.67 0.999 

Chicken it -0.519 0.211 
Eales & 1965-1985 Annual Beef 1965-1985 -0.57 0.344 
Unnevher Pork n -0.762 0.278 
(1988)4 Chicken n -0.276 0.527 

Moschini & 1967-1987 Quarterly Beef 1967-1987 -1.050 1.394 
Meilke (1989)5 Pork tt -0.839 0.853 

Chicken " -0.104 0.211 

FLEXIBILITIES 

Brashler (1983) 1950-1982 Annual Beef 1971-1982 -1.44 2.08 
Pork 1970-1982 -0.99 0.92 

Dahlgran (1986) 1950-1984 Annual Beef 1972 -1.13 1.0 
1984 -1.63 1.0 

Pork 1972 -1.87 1.0 
1984 -1.61 1.0 

Chicken 1972 -1.78 1.0 
1984 -1.62 1.0 

Huang (1988) 1947-1983 Annual Beef 1947-1983 -1.082 Not reported 
Pork " -1.222 ft 

Poultry ft -1.59 tt 

iLocal 
^Includes price index for "other goods" 

^Locally flexible 
Aggregated model 5 After structural change 
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In the 1980s there was a surge of research on meat demands due to the 

consumption trends in the 1970s. For ease of understanding the estimates are 

discussed by commodity. 

Beef demand was generally found to be inelastic and becoming more 

inelastic. Although, there are exceptions. Chavas (1982) and Huang (1986) 

found beef consumption to decrease by six to ten percent from a ten percent 

increase in its own price; ranging from slightly inelastic to barely elastic. 

Haidacher et al. (1982) also found beef to be own price inelastic. Conversely, 

Bewley and Young (1987) found beef to have an elastic own price demand. 

Pope, Green, and Eales (1980) and Nyankori and Miller (1982) both focused on 

elasticity trends and found that beef became more inelastic. 

Researchers also found the demand for pork, in general, to be inelastic. 

Haidacher et al. (1982) found pork to have an inelastic price response, and 

consumption was estimated to fall by approximately seven percent with a ten 

percent increase in its price by Chavas (1982), Haidacher et al. (1982), and 

Huang (1986). Conversely, Bewley and Young (1987) found pork to have an 

elastic own price demand. As with beef, Pope, Green, and Eales (1980) found 

pork elasticities becoming more inelastic. 

Elasticities of chicken demand were generally found to be inelastic. 

Haidacher et al. (1982) and Bewley and Young (1987) found chicken to have an 

inelastic price response. Haidacher et al. (1982) and Huang (1986) determined 

that a ten percent increase in its price would reduce its consumption by six 

percent. Nyankori and Miller (1982) found that demand was becoming less 

price elastic. Conversely, Pope, Green, and Eales (1980) found poultry 

becoming more direct price elastic. 

The comparison of recent with earlier studies reveals that the direct 

price demand elasticities for all three commodities has remained fairly stable 

over time. Unfortunately, the price responsiveness of these commodities 

cannot be ranked in relation to each other, i.e. identification of the good most 

sensitive to its own price. 

Haidacher et al. (1982) estimated both elasticities and flexibilities, from 

quantity and price dependent systems, comparing estimated with actual 

consumption values. The estimated quantities were derived from the observed 

values for each price and expenditure variable and the estimated response 
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measure. Like Houck (1966), they emphasized that elasticities and flexibilities 

were not reciprocals for many reasons. 

Flexibilities were also estimated in research by Braschler (1983) and 

Dahlgran (1986). They found that for a ten percent increase in the quantity 

supplied, beef, pork, and poultry prices decreased by approximately fifteen 

percent. Over time, beef price has become more responsive, and poultry and 

pork prices less responsive to changes in their respective supplies. 

Income Elasticities: 

Recent research has been inconclusive about changes in the income 

(expenditure) elasticity of beef demand. Christensen and Manser (1977) found 

the demand for beef to be expenditure elastic. Chavas (1982) found the income 

elasticity of beef demand increased from six to seven percent during the 1970s. 

This indicates that the demand for beef was becoming more responsive to 

income changes, which corresponds to what Pope, Green, and Eales (1980) 

found. Conversely, Chavas (1983) and Nyankori and Miller (1982) determined 

the income elasticity for beef declined over time. In addition, Huang and 

Haidacher (1989) determined beef to be more responsive to expenditures than 

chicken. 

Pork generally displayed an inelastic response to expenditure changes. 

Christensen and Manser (1977) found the demand for pork to be income 

inelastic, and Pope, Green, and Eales (1980) found that pork became more 

inelastic in income over time. Also, Nyankori and Miller (1982) found that the 

income demand elasticity for pork changed, increasing consistently. 

Conversely, Chavas (1982), Haidacher et al. (1982), and Huang (1986) found the 

income elasticity of pork demand to be stable over time, at about four and a 

half percent. Additionally, Huang and Haidacher (1989) determined the 

expenditure elasticity for pork was larger than for chicken. 

The research indicated that chicken became increasingly responsive to 

income during the 1970s and 1980s. Christensen and Manser (1977) found the 

demand for poultry to be inelastic, whereas, it was found to be elastic and more 

income responsive over time by Pope, Green, and Eales (1980), Chavas (1982), 

Haidacher et al. (1982), and Huang (1986), increasing by about two percent. 
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Overall, Huang and Haidacher (1989) determined the expenditure 

elasticities to be inelastic for each commodity. In addition, Haidacher et al. 

(1982) found that higher quality meat cuts and those with value added 

processing (disaggregated products) exhibited a greater response to income 

changes. They also concluded that consumption within a commodity group 

shifts according to changes in income, even when aggregate groups do not. 

Using cross section data from a 1977-1978 National Food Consumption 

Survey 7-day household consumption survey Capps (1989) found low income 

elasticities for most meat products. McCracken (1989) used the same survey as 

Capps (1989), but focused on individual consumption over a 3-day period. She 

found the income elasticity depends on its level of evaluation and, therefore, is 

not constant. 

Cross Price Elasticities: 

Although several combinations of cross price effects exist, only those 

emphasized by previous researchers will be discussed. 

Compared to chicken and poultry, changes in the price of pork has the 

strongest affect on the consumption of beef. Nyankori and Miller (1982) and 

Chavas (1983) found the influence of pork prices on the consumption of beef 

to be increasing. Bewley and Young (1987) found the positive beef and pork 

cross price elasticities indicated gross substitution. 

Wohlgenant (1985) found the cross price elasticity of beef with respect 

to poultry had a substantial increase in the mid-1970s. Likewise, Dahlgran 

(1987) discovered evidence of an increase in the substitutability between 

chicken4 and beef. In addition, Huang and Haidacher's (1989) cross price 

elasticities indicated that a change in the price of beef has an impact on the 

quantity of chicken consumed of five times greater than the impact of a 

change in the price of chicken on the consumption of beef. 

In general, research by Nyankori and Miller (1982) indicated that 

because of a change in the relationship in the pork-beef and chicken-pork 

4The poultry category is almost entirely comprised of chicken, therefore, 
equating chicken and poultry in these comparisons is justified. 
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demands, from substitution to complementary, structural demand shifts 

occurred. 

A few researchers have estimated elasticities from demand systems 

using disaggregated meat commodities. Using cross sectional data, Heien and 

Pompelli (1988) found the cross price effects among the beef cuts to be strong. 

Furthermore, substitution between hamburger and whole birds was found by 

Eales and Unnevehr (1988) to be the main cross price substitution between 

beef and chicken. They also found that demand changes for high quality 

meats resulted from preference changes, and demand changes for inferior 

meat products resulted from cross price effects. Wohlgenant (1989) also found 

hamburger to be more sensitive to poultry changes than table cuts of beef. 

STRUCTURAL CHANGE: 

Meat consumption trends changed suddenly in the 1970s and this 

created inaccuracies in existing forecasting models. Some researchers 

concluded that structural changes occurred, while others tested for such 

changes using both parametric and non-parametric approaches. Several 

factors may have contributed to the diversity of conclusions regarding the 

occurrence of changes in the demand structure for meat groups. A few factors 

include; sample periods studied, dependent variables specified, omitted 

variables, types of parameter changes allowed, functional form, and extent 

that the theoretical structure is imposed on the empirical model. For the 

purposes of comparing recent studies these factors must be considered. 

Furthermore, the specification of price or quantity as the dependent variable 

is irrelevant for the identification of a structural change (Table 4, Buse pg. 

115). Only a limited number of studies is explicitly reviewed, but a more 

extensive list is compiled in Table 2. 

It is important to detect a change in demand structure, if one occurred, 

because forecasting models are based on a predefined structure which would 

be inaccurate. Also, through price-determined forces the presence of a 

change in structure would affect resource allocation and welfare estimates. In 

addition, the identification of a structural change has important implications 



TABLE 2: Structural Change Studies 

AUTHORS DATE MEATS STRUCTURAL CHANGE CAUSE 
Nyankori and Quarterly Beef, chicken Yes No reason 
Miller (1982) 1960-1979 pork, turkey No N/A 
Haidacher et al. Annual Beef, pork, No N/A 
(1982) 1953-1977 chicken, 

turkey and 38 
others 

Chavas (1983) Annual Poultry, beef Yes, Post-1975 Dietary concerns & grading changes 
1950-1979 pork No N/A 

Braschler (1983) Annual Beef, pork Yes Changing consumer purchasing 
1950-1982 conditions 

Moschini and Quarterly Beef No N/A 
Meilke (1984) 1966-1981 
Wohlgenant (1986) Annual Beef, poultry Yes Quality changes 

1947- 1979 pork No N/A 
Thurman (1986) Annual Beef, pork Yes, Post 1975 No reason 

1955-1983 poultry No N/A 
Dahlgran (1986) Annual Beef, pork, Yes, Post-1973 Dietary concerns 

1950-1984 chicken Yes It 

Dahlgran (1987) Annual Beef, chicken Yes Changing supply 
1950-1985 pork No N/A 

Chafant & Alston Annual Beef, fish, No N/A 
(1988) 1947-1983 pork, poultry 
Eales and Unnevehr Annual Beef, chicken Yes, Post-1974 Product mix changes 
(1988) 1965-1985 pork No N/A 
Moschini and Quarterly Beef Yes, Mid 1970 Dietary concerns 
Meilke (1989) 1967-1987 chicken, fish ft n 

pork No N/A 
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for planning, policy making, and production control activities.^ The elements 

that cause such a change are also important. These include interrelated food 

group demands, income levels, food expenditures, and supply situations. Other 

unknown forces also influence the price of commodities, making 

identification of the cause an imposible task. 

The identification or method of explaining changes in demand structure 

has been outlined by some researchers. These methods are described first. 

Other researchers have gone one step further and specified the point in time 

where an abrupt change in a model parameter occurred. Unfortunately, this 

requires ad hoc procedures which lessen the credibility of the results from the 

use of those procedures. 

Haidacher (1983) described and illustrated indirect evidence of a 

structural change using time series data. He focused on the conceptual basis of 

structural change and suggested that the estimated error between the actual 

and simulated values approximates the magnitude of such a change in the 

system. The coefficients of the constant terms included in each equation 

would be compared in sequential periods to indicate a change in structure. 

Wohlgenant (1983) used household production theory as a framework 

for analyzing structural change in the demand for food. Household production 

theory dictates that a household uses time, purchased goods, and physical 

capital from the family to produce commodities that maximize the utility 

function. For this reason a shift (technical change) in the household 

production technology is evidence of a structural change. In a later study 

(1986) he discovered such changes in the demands for both beef and poultry. 

Researchers in the early 1980s claimed to have identified or discovered 

evidence of structural changes in the demands for some meat commodities. 

Tests used to discover such changes are described next, and are followed by 

actual research results. 

Engei (1984) developed a Wald likelihood ratio test which can be 

implemented to examine the significance of a structural change, test the 

constancy of a parameter vector over lime, and determine if two models differ 

significantly. The explicit identification of a change in structure is possible 

5Nyankori and Miller (1982). 
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with linear spline transformations that enable variations in the parameters. 

The Chow test can also be employed to detect structural change. It tests 

whether a particular regression equation is identical between two disjoint 

subperiods. The Chow test has been used by Braschler (1983), Moschini and 

Meilke (1984), and Wohlgenant (1985). The researchers then used the Farley 

and Hinich (F-H) test since the point of the structural change was unknown. 

Points of structural change can also be identified using the cumulative sums of 

squares test (CUSUMSQ). 

Given a consumer's utility maximizing behavior and differentiable 

demand functions, testing the symmetry and negative semi-definiteness of the 

price effects matrix will also provide evidence of a change in structure*". This 

is because the symmetry and negative semi-definiteness conditions require 

the observed demand functions to be consistent with utility function 

maximization. If these conditions are not satisfied the utility function must 

have shifted. Based on this procedure Chavas (1989) suggested that only a 

multi-equation demand system be used because symmetry restrictions cannot 

be tested in a single equation demand model. 

Nyankori and Miller (1982) examined the demand for meats, using 

quarterly data from 1965-1979, and discovered evidence of structural changes 

in the demands for beef and chicken. Chavas (1983) also identified structural 

changes in beef and poultry demands. He estimated meat demand from 1950-

1970 and assumed randomly changing parameters. He used the information in 

a Kalman filter which identified a structural change in the late 1970s. 

Braschler (1983), Moschini and Meilke (1984), and Wohlgenant (1985) 

claim that the demand for beef is becoming increasingly sensitive to substitute 

meats due to a change in the underlying structure of demand. Additionally, 

Nyankori and Miller (1982) and Chavas (1983) believe that a structural change 

has caused the demand for beef to become less responsive to changes in 

income and own price. 

Studies were also done using non-parametric tests and the inclusion of 

variables to test for changes in the structure of U.S. meat demand. Varian, 

Diewart and Parkan, and Thurman have all used this approach to test for 

^Chavas (1989), pg. 130. 
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structural demand changes. With 25 years of annual data Thurman (1987) 

concluded that his data was consistent with revealed preference theory and 

stable preferences, i.e. no change in structure. 

Chalfant and Alston (1988) also used a non-parametric method to test for 

a structural change in the demand for red meat in the U.S. and Australia. They 

determined the data to be generated from stable preferences according to a 

consistency check. To test the stationarity of red meat demand they used a test 

developed by Varian which requires the creation of a matrix that gives the 

cost at time 'a' prices of purchasing the bundle of goods consumed at time 'b'. 

They found the data to be consistent, thus concluding demand did not change. 

Eales and Unnevehr (1988) tested a gradual shift by the insertion of an 

intercept term and a one-time only shift was tested by including a dummy 

intercept variable. These tests focus on exogenous shifts in the demand curve, 

versus individual parameter shifts, and cannot detect the cause. They found a 

preference shift toward chicken, from beef, after 1974. 

Dahlgran (1989) analyzed the market level demands instead of the 

preferences of a representative consumer. If the market level demand 

elasticities were stable then the demand is said to be in equilibrium. He 

graphically showed the alternative types of changes in structural demand 

allowed. He replaced the dummy variable by an exponential variable to allow 

for gradual or sudden parametric changes. He found a change in the demand 

for pork in 1955, which returned to "normal" in 1960, thus concluding the U.S. 

demand for meat is in equilibrium, i.e. the elasticities are stabilized. 

Overall, beef and poultry demand exhibited changing parameters, but 

not the demand for pork. Unfortunately, there was no agreement on time or 

magnitude of these changes. 

HYPOTHESIZED CAUSES OF CHANGES: 

Following the thrust in research that concentrated on defining and 

identifying demand instability, the search began for possible causes of the 

observed consumption patterns. Many factors have been hypothesized to 

cause demand changes and changes in the structure of demand, namely; 

income, prices, commodity supplies, and demographics. Changes in income 

and the prices of goods only cause changes in two dimensional demand curves 
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but not the structure of demand systems. Each factor is discussed separately by 

means of study results except income which is embedded in each analysis. 

Differences in findings can be attributed to different sample periods, data, and 

methodology. 

Prices: 

Haidacher et al. (1982) found strong stability in the structure of U.S. 

meat, poultry, and fish demand. They found economic factors could almost 

entirely explain the small amount of demand variation present. Cross section 

and time series data covering the early 1950s to the early 1980s was used to 

estimate the model and analyze the factors. 

Craven, Huang, and Haidacher (1983) observed that beef prices rose 68% 

and per capita consumption declined four pounds between 1973 and 1980, 

while pork prices increased only 28% and consumption rose eleven pounds, 

thus suggesting that price changes have caused the consumption trends. Not 

surprisingly, over 95% of U.S. meat demand variation was explained by income 

and retail price changes. Hence, they concluded that non-economic factors 

have played a relatively minor role in per capita U.S. meat demand. The data 

covered 1950-1977 and the underlying structure of the complete demand 

system was considered adequate based on the results. 

Huang (1986) used a complete food demand system and found income and 

prices changes explain over 95% of meat consumption variation from 1953 to 

1983. This system was also used by Huang and Haidacher (1989) to analyze the 

consumption of red meats and poultry. They used the first difference values to 

explain the per capita historical movement of meat consumption. Predicted 

and actual consumption values were compared to ascertain the accuracy of the 

predictions. Like Huang (1986), they determined prices account for more than 

95% of the consumption variation. 

Supply: 

Uvacek (1968) used annual time series data for the 1947-1965 period to 

show that particular phases of the cattle cycle significantly affected beef 

consumption. He concluded that demand shifts for beef were caused by both 

income changes and the production cycle. For example, a growth in fast food 
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restaurants combined with the liquidation phase of the cattle cycle (more cows 

and bulls are slaughtered) results in increases in both the supplies and 

consumption of ground beef. 

Braschler (1983) examined demand changes in the 1970s for beef and 

pork, and projected into the 1980s with data spanning 1950-1982. He concluded 

that changing consumer demand conditions, and the supply and consumption 

of broilers caused structural changes in beef and pork demand. 

Dahlgran (1987) also identified the existence of a structural change in 

meat demand during the years of 1950-1985. Using annual data for beef, 

chicken, and pork his results indicated a short term structural change in the 

1970s, but did not indicate a permanent change in consumer preferences. 

Hence, he stated that parameter changes resulted from a change in supply. 

According to Dahlgran, the industry returned to a stable elasticity structure in 

the 1980s that was similar the 1960s. 

Demographic: 

Household survey data are predominantly used to measure the influence 

of socioeconomic and income factors on food consumption. Virtually all 

research involving this type of data indicates that demographic variables 

have a substantial impact on consumption patterns, especially red meat. 

Furthermore, the use of more than one survey, covering different time 

periods, reveals long run patterns. A few researchers have incorporated 

demographic variables into studies using time series data. One of the first was 

Heien (1982), he used time series data from 1947-1979 to estimate both price 

and quantity dependent systems of fourteen food items. His results showed the 

influence of habits to be significant; moreover, the more aggregated the data 

the more significant are habits. 

Wohlgenant (1983, 1986) explicitly incorporated quality as a possible 

cause of parameter instability into the specification of the model. 

Consequently, he was able to measure previously unexplained changes in the 

demand for meats. 

Dahlgran (1986) estimated beef, pork, and chicken demands, subject to 

fixed quantities, then used a modified cumulative sum of squares (CUSUMSQ) 

technique of Brown, Durbin, and Evans (1975) and detected structural demand 
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changes in 1973. His objective was to determine if some meat preferences 

changes hypothesized by the popular press might be reflected in the demand 

structure for meats. 

Haidacher et al. (1982) and Blaylock and Smallwood (1986) both used 

cross section data to study the demand for meats. They hypothesized that 

different social and demographic groups behave differently, i.e. have 

different consumption patterns and, therefore, are not homogeneous. 

Blaylock and Smallwood (1986) and other researchers found socioeconomic 

factors to explain household consumption differences very well, but not year 

to year changes. In addition, these studies required the assumption of constant 

relative prices between commodities which is unrealistic; witness the increase 

of pork relative to beef prices in the 1970s. 

Capps, Tedford, and Havlicek (1985) used weekly household data from a 

1977-1978 survey to determine the impacts of several variables, including 

demographics, on the demand for convenience and non-convenience foods in 

the U.S. Meat was classified as a non-convenience food requiring preparation 

time. They found demographic variables to be an important model component 

due to their potential effect on meat demand. 

Other: 

Many other variables have been credited with affecting the structure of 

meat demand curves. The most prominent is the increased flow of health 

information regarding meat consumption. The employment of females also is 

believed to cause such changes. Both of these factors are incorporated, or at 

least mentioned, by other researchers. Chavas (1983) hypothesized that recent 

consumer concerns regarding fat and cholesterol could have produced a shift 

in meat preferences which has become stronger in the latter half of the 1970s. 

Along this line, Moschini and Meilke (1984) wrote that "... the cause of this 

alleged structural shift is often ascribed to the increased nutritional 

consciousness of consumers concerned with limiting their intake of fat and 

cholesterol." 

Wohlgenant (1985) explained the change in elasticity relationship 

between beef and fish by saying that it "... might reflect a desire on the part of 

consumers, in response to health concerns about red meat, to expand their 
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diets to include fish." In addition, Dahlgran (1987) stated that health 

"concerns [consumers' blood cholesterol and other nutritional concerns] 

presumably are reflected as a change in the meat demand structure." He also 

hypothesized that an overreaction to new information concerning dietary 

cholesterol might have affected the demand for meat. 

Moschini and Meilke (1989) concluded that prices and income, even in 

dynamic terms, cannot fully explain the past observed consumption patterns 

and attributed unexplainable patterns to dietary concerns. They postulated 

that "a change in the structure of meat demand [was] because of changes in 

income distribution, demographic variables, demand for convenience foods, 

and, above all, an evolution in consumers' preferences driven by a growing 

awareness of the health hazard of large intakes of cholesterol and other 

saturated fats." Also, the "movement toward an increased importance of white 

meats further supports the idea that dietary concerns are partly responsible 

for the perceived changes in meat consumption patterns." 

Chavas (1989) suggested that in a household production model a change 

in fat content (cholesterol), a quality characteristic of meat, or information 

concerning the relationship of cholesterol with the production of a basic 

household commodity, health, caused a change in meat demand. 

Lastly concerning health information, Zafiriou (1989) found DLfl 

substantial difference between Canadian and United States' beef consumption 

patterns following grade revisions for Canadian beef that reduced the fat in 

retail cuts. The Canadian efforts were in response to the perceived concerns 

of consumers regarding the saturated fat content and cholesterol of beef. This 

suggests that health information may not have a significant effect on beef 

demand and, therefore, grade revisions (corrections) may also be ineffective 

in altering U.S. consumer preferences for meat products. 

Referring to increased female employment, Heien and Pompelli (1988) 

state that "the changing demographic profile of the U.S. population has had 

dramatic impacts on the demand for food. The postwar baby boom, the gradual 

aging of the population, and the increase in female labor force participation 

are especially important." Dahlgran added that the "increased labor force 

participation by women with the subsequent revaluation of time spent in meal 

preparation" could possibly affect the demand for meat. 



44 

Eales and Unnevehr (1988) suggested that by applying tests for gradual 

or sudden shifts to aggregated and disaggregated models deductions to the 

cause of the shift can be made. They concluded that the demand for 

aggregated meats merely reflects the varied demand for particular products, 

thus tests for structural change among aggregated meat groups may be biased. 

Consequently, they suggest the introduction of a different chicken product 

mix, reflecting the desire for convenience, to be the major causes of demand 

shifts. 

On a concluding note, aside from a utility function change a structural 

change could be caused by a change in the opportunity set or composition of 

the consuming population according to Wohlgenant (1983). 

SUMMARY: 

The commodities, models, and methods used in the estimation of the 

demand systems in this research are based upon studies by Eales and 

Unnevehr (1988) and Brester and Wohlgenant (1990). Compensated own price, 

cross price, and income elasticities will be estimated. Tests for gradual 

exogenous shifts in the dynamic demand models will also be conducted. 

Additionally, three variables that are hypothesized to have caused or 

contributed to structural demand changes are included in the model and tested. 

The results of this analysis should differ slightly from those of the studies they 

were based on because the data for some commodities and the sample periods 

were not identical. 
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CHAPTER 4 

EMPIRICAL MODEL 

To analyze demand for a commodity an empirical model must be 

estimated, and to develop an empirical model one must choose the data, a model, 

and a method of estimation. This chapter describes the choices made in 

analyzing U.S. meat demand. The justification of these choices is based on 

previous studies, economic concepts, and common logic. 

DATA DESCRIPTION: 

As dictated by traditional demand theory, information on commodity 

prices, quantities, and consumer income is needed. In addition, demand studies 

can be enhanced through the inclusion of other variables which affect the 

price or quantity of a particular good. In this research these other variables 

are female employment, microwave oven adoption, and health information. A 

list of the variables used in this research, along with their units and a 

description is shown in Table 3. The data used in studies of meat demand covers 

a span of time (time series) or is collected at a point in time with a survey 

(cross sectional). 

Cross section data is derived from household surveys and is used to 

identify the consumption patterns of different groups of households, at a point 

in time, thus can be used to analyze the effect of sociodemographic variables. 

This study, however, focuses on meat consumption and pricing trends of all 

consumers over time; therefore, time series data is more appealing. Time 

series data consists of observations collected regularly over a span of time. In 

this study, it represents demand conditions for all consumers covering 

uniform time intervals, and is used to explain period-to-period consumption 

changes. 

Having decided upon the use of time series data, one must choose a time 

interval, i.e. month, quarter, or year. Annual data is preferred to monthly and 

quarterly data for two reasons; seasonality complicates the model, and 

marketplace reaction time to meat production adjustments is longer than a 
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TABLE 3: Data Variable Description 

VARIABLE UNITS DESCRIPTION 

YEAR # Year 
CIV mill U.S. Civilian Population 

Prices 
PH 0/1 b Retail Price Ground beef (hamburger) 
PT 0/lb Retail Price Table cut beef 
PP 0/lb Retail Price Pork 
PA 0/1 b Retail Price Chicken whole (aggregated) 
PD 0/1 b Retail Price Chicken parts (disaggregated) 
PO 0/lb Price Other food 

Quantities 
QH lbs Per Capita Disappearance Ground Beef 
QT lbs Per Capita Disappearance Table cuts beef 
QP lbs Per Capita Disappearance Pork 
QA lbs Per Capita Disappearance Chicken whole 
CD lbs Per Capita Disappearance Chicken parts 
<£> lbs Per Capita Disappearance Other food 
ON hun $ Per Capita Disappearance Non-food 

Expenditures 
W bill $ Total 
WF bill $ Food 
WM bill $ Meat 
WD bill $ Other Food 
WN bill $ Non-Food 

Demand Shifters 
INY # New York Times articles 
IG # General Periodical articles 
IPL % Female Employment 
IMIC % Household Microwave Penetration 

Indexes 
CPI 1967 = 100 Consumer Price Index 
FPI 1967 = 100 Food Price Index 
NPI 1967 = 100 Non-Food Price Index 
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year. Thus, annual time series data will be used to study the price and income 

responses of the demand for meat. The data used spans the years 1962 to 1988. 

Data availability prevents inclusion of pre-1962 data. 

Income, Quantities, Prices: 

Although the income, quantity, and price variables are conceptually 

simple they need to be carefully defined. Traditional demand models are based 

on individual behavior. Variables must be defined in individual terms, i.e. per 

capita measures. In this study per capita consumption estimates are derived 

using civilian estimates because military personnel generally do not make 

individual commodity purchasing decisions. 

Personal consumption expenditures are used to represent income. This 

is because the classical model assumes in its income constraint that all income 

is allocated to expenditures. The personal consumption expenditures used in 

this research were obtained from various issues of Food Consumption, Prices, 

and Expenditures. 

Nelson and Duewer (1989) defined the "quantity" data reported by the 

Economic Research Service as that amount available for end use. It is derived 

directly from wholesale production data. The wholesale carcass weight meat 

production is adjusted by exports, imports, and stock changes to obtain 

disappearance quantities. Disappearance data represents disappearance into 

the food marketing system, not actual ingestion. Assuming fixed processing 

technology, a conversion factor is applied to change the disappearance data 

into the retail weight equivalent. Therefore, consumption data is essentially 

equal to supply in the short run and is commonly used as the quantity 

variable. In summary, a conceptual distinction between "production" and 

"consumption" is not available. 

Some who critique meat demand research question whether actual 

ingestion quantities should be used instead of the amount available for end 

use. The actual ingestion quantities are used mainly for nutritional purposes 

and can be obtained by the application of an adjustment factor, for inedible 

components, to the retail weights. This inedible components adjustment factor 

is not applied in meat demand analysis because the resulting quantities do not 

have corresponding price information available. Retail market prices, on the 



48 

other hand, apply directly to the retail weight sold in the market place. Even 

though the retail weights measure does not reflect actual ingestion it closely 

resembles actual ingestion, moreso recently due to decreases in the amount of 

fat and bone packaged. 

In this analysis meats are defined to include beef, veal, pork, lamb, 

mutton, chicken, turkey, and fish. However, veal, lamb, mutton, turkey, and 

fish are excluded because their consumption, expenditures, or data availability 

in the U.S. were relatively very low compared to the remaining groups, 

making their inclusion not interesting or impossible.7 

In the past, aggregate data for each meat type was used in meat demand 

analysis. However, researchers have recently disaggregated some of the meats 

into subgroups. General arguments and other studies suggest the need for 

disaggregation of the general meat categories into separate groups. 

The arguments 

suggest that 

disaggregating food 

commodities into 

smaller subgroups 

enriches the estimation 

of potential substitution 

relationships because 

aggregation eliminates 

some substitution 

possibilities which 

might be important to 

the identification of 

structural demand 

changes. Also, the 

examination of 
YEAR 

disaggregated 

consumption data suggests the importance of considering particular beef and 

7 The main reason for omission was lack of available data for the years used in 
this study. Several other researchers have likewise excluded these 
commodities without violating separability assumptions. 
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chicken parts/cuts separately. Figures 3 and 4 demonstrate differing trends in 

whole versus parts consumption for chicken and beef respectively. 

Studies by 

Blaylock and Smallwood 

(1986), and Capps and 

Havlicek (1984) have 

both found that the 

demand for 

disaggregated beef cuts 

provides more insights 

than examining a 

general beef category 

(see also Heien and 

Pompelli, 1988, p. 41). 

In addition, Pollak and 

Wales (1982, p. 1534) 

determined the cross 

price effect between 

beef cuts to be 

significant and Capps and Havlicek found the consumption of roasts, steaks, 

and pork to be relatively more important in generating utility than ground 

beef, p. 99. Eales and Unnevehr (1988) estimated a dynamic AIDS for 

aggregated meats and disaggregated beef and chicken groups. They found that 

consumers choose between high and low quality meat products, not between 

aggregated groups of meat. Thus, to understand preference changes, 

disaggregating meats into more specific products is superior to considering 

aggregate meats. 

The method used to disaggregate consumption and price of chicken 

followed Eales and Unnevehr (1988). The consumption of parts and processed 

young chicken was derived from the percentage, of total federally inspected 

pounds, cut-up or further processed as reported in various issues of Poultry 

Slaughter. This percentage was applied to the total per capita chicken 

consumption to obtain the per capita consumption of parts and processed 

FIGURE 4: Beef Consumption 
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chicken. The per capita consumption of whole birds was calculated by 

subtracting parts/processed consumption from total chicken consumption. 

The retail price of parts and processed chicken was obtained by using a 

wholesale quantity weighted-average price of the legs, back and neck, breasts, 

and thighs. The average wholesale prices of the parts were reported by the 

Economic Research Service (ERS), and the prices from recent years were 

obtained from Lee Christensen at the ERS. The weights were obtained from 

Conversions Factors and Weights and Measures of Agricultural Commodities 

and Their Products, a USDA publication. The weighted wholesale price was 

then multiplied by a retail to wholesale price ratio of whole birds, to obtain a 

retail parts price estimate. 

Beef can be disaggregated into more than ten retail cuts, but previous 

studies consistently divide beef into ground beef and table cuts (the remaining 

cuts). This division is justified because ground beef comprises approximately 

one third of all beef consumption, whereas, consumption of the individual 

table cuts account for small shares of total consumption. Furthermore, several 

methods exist to measure the consumption of ground beef and table cuts. 

Data limitations have forced researchers to use fed and non-fed beef 

estimates as proxies for tablecut and ground beef, i.e. Eales and Unnevehr 

(1988). However, Brester and Wohlgenant (1990) noted that portions of fed 

beef are processed into ground beef (i.e. lower quality cuts and trimmings) 

and, likewise, steaks and roasts are often obtained from non-fed and cull 

animals. Therefore, Brester and Wohlgenant tested the traditional fed and 

non-fed proxies for table cut and ground beef production against a newly 

developed measure by the Western Livestock Marketing and Information 

Project (WLMIP). Their results indicated the use of the fed and non-fed beef 

proxies to be inferior to the ground and tablecut measures, thus the ground 

and tablecut measures are used in this study. These new measures indicate that 

ground beef production was higher than was previously estimated. 

The per capita consumption of ground and processed beef was obtained 

from the WLMIP for 1967-1988. Brester recalculated the 1970-1987 series and 

extended it back to 1962 by obtaining WLMIP commercial production figures 

for cows, bulls, fed and non-fed cattle. Cattle imports were obtained from USDA 

reports and added to the WLMIP production estimates. Data on the estimated 
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production by type was multiplied by the fixed proportions of each type 

assumed to go into ground beef production. The proportions, derived by the 

WLMIP, were applied to the commercial production figures to obtain the 

carcass weight production of total ground beef which was then converted into 

per capita retail weight measurements. These estimates are subtracted from 

total per capita retail weight beef consumption to arrive at a proxy for 

consumption of table cuts. Unfortunately, Brester did not use the 1988 

observation and the WLMIP series was slightly higher than Bresters, so the 10-

year average of the ratio of the series was applied to the 1988 WLMIP measure 

making it consistent with Brester's figures. 

The retail price of ground beef was obtained from various issues of 

Livestock and Poultry Situation and Outlook. Price data from the excluded 

years, 1981-1983, was calculated from a method suggested by Lawrence Duewer 

at the ERS using the reported hamburger prices. 

The retail price of 

table cuts was 

determined by 

subtracting the 

weighted retail price 

of ground beef from 

the average retail 

price of choice yield 

grade 3 beef. The 

proportion of ground 

beef in the composite 

price was determined 

by the consumption of 

ground beef and its 

relation to total beef 

consumption. The 

proportion of ground 

beef was subtracted 

from one to obtain the 

proportion of table 
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cuts. Hence, the price of table cut beef was derived by rearranging the value 

identity which states that the retail price of choice yield grade 3 beef is the 

weighted average of ground beef price at retail and table cut beef price at 

retail. To emphasize the impact disaggregation has on price, the retail price of 

ground and table cut beef are presented in Figure 5. 

Pork is comprised of roasts, hams, bacon, and ribs but is not 

disaggregated because the relative consumption and prices among these cuts 

has remained fairly stable over time. The per capita consumption (quantity) 

and average retail price was obtained from Livestock and Poultry Situation and 

Outlook reports. 

To represent "other (non-meat) foods" and "non-foods" variables, proxy 

measurements were derived following methods used by Dahlgran (1987) and 

Huang and Haidacher (1983), respectively. These specific derivations were 

chosen because they appeared logical and the data was available. To arrive at a 

proxy for consumption of other foods, the disappearance of beef, pork, and 

chicken was subtracted from the retail weight equivalent of total food 

disappearance as reported in Food Consumption, Prices, and Expenditures 

issues. This quantity variable was then used to deflate the personal 

consumption expenditures on other foods to obtain the average price of 

consumption of other foods. The non-food item price index reported in the 

Statistical Abstract of the United States was used as the price variable for the 

non-food group. A quantity index was obtained by dividing personal 

consumption expenditures on non-foods by the price index. 

Explanatory Variables: 

Other variables representing female employment, microwave oven 

adoption, and health information are used in this study. Several studies have 

suggested focusing on the changing value of women's time which support the 

inclusion of employment and microwave oven variables. Redman (1980) tested 

several hypotheses concerning the allocation of women's household labor 

versus leisure and employment time. She stated that "despite changing sex 

roles, women still make most of the food related decisions and perform much of 

the food selection and preparation activities." Her results indicated that the 

"characteristics of women which affect the allocation of their time to 
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household production [employment] do significantly influence their 

households' expenditures on foods requiring relatively little preparation time 

[convenience foods]." Capps, Tedford, and Havlicek (1985) and Dahlgran (1987) 

also hypothesized about the effects of the changing opportunity cost of time as 

females become employed. Capps, Tedford, and Havlicek hypothesized that 

"when more time is allocated to work in the market, less time is available for 

home production and leisure. Employed household managers are therefore 

expected to have less discretionary time." Myers (1989) states that "changes in 

life styles can impact food consumption in several ways. The increase in 

numbers of working women, for example, impacts the demand for away-from-

home food consumption and for convenience foods. Furthermore, Capps (1989) 

and McCraken (1989) also state that the rising opportunity cost of time and the 

increasing labor force participation of women are both particularly important 

factors in the demand for food. In addition, Stafford and Wills (1970) believe 

that "increases in the proportion of females in the work force lead to 

rightward shifts in the demand for added convenience in foods purchased for 

preparation at home." 

All studies 

concluded that the value 

of a female's time has 

been increasing as a 

result of the increased 

number of females in 

the labor force. 

Researchers have 

hypothesized that more 

females in the labor 

force have increased the 

demand for convenience 

foods. Also, the 

introduction of 

microwave ovens can be 

hypothesized to increase convenience food demand, due to their time-saving 

attribute. Thus, because meat is typically not considered to be a convenience 
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food its demand can be directly affected by the increasing employment of 

women and the introduction of microwave ovens. 

The ratio of number of females employed to the total female population 

(civilian), is used to indicate the proportion of women employed and is shown 

in Figure 6. These data were obtained from the Statistical Abstract of the 

United States. This variable is used to indicate the value of women's time. 

Other labor force participation rates were not considered because these 

alternative measures include unemployed individuals. 

The 

percentage of all U.S. 

households owning 

microwave ovens was 

obtained directly 

from the 

International 

Microwave Oven 

Institute based in 

Clifton, Virginia. 

This data, shown in 

Figure 7, can be used 

to represent changes 

in the technology 

involved in meal 

production. 

Many public 

health groups and researchers have attempted to explain the relevance of the 

health aspects of red meat consumption. For example, in the 1970s the Senate 

Select Committee on Health and Human Needs developed dietary goals and 

guidelines encouraging moderation of products high in cholesterol (eggs, 

milkfat, and beef), sugar, and salt. This is because meat consumption is linked 

to high blood cholesterol levels which, in turn, are linked to heart disease. 

This relationship has been strongly emphasized by the media in recent years. 

Chalfant and Alston (1988) stated that "per capita consumption of red 

meat has declined in recent years, and it is widely suggested in industry 

80 

70 

60 

, 5 0  

£ 4 0  

e 
30 

20 

10 

0 

FIGURE 7: Household Microwave 
Adoption 

I I I I I I I 1 I I I I I I 

1960 1970 

rfi 
1980 1990 

YEAR 



55 

circles that this reflects a shift of consumer preferences due to dietary 

concerns." Also, Myers (1989) stated that better knowledge and awareness of 

the linkage between nutrition and health can impact food choice. Smallwood, 

Haidacher, and Blaylock (1989) state that "other studies generally resort to 

explaining their findings by pointing a finger at the old standby of changing 

tastes and preferences (e.g., rising health and nutrition concerns). It is 

somewhat unorthodox in the standard scientific model to explain a 

phenomenon (changing consumption in this case) by a factor that is not even 

included in the model)." Also, health concerns regarding the consumption of 

red meat is classified as a product quality issue by Chavas (1989). Numerous 

other researchers have also suggested an inverse relationship between health 

information and consumption of red meat. 

FIGURE 8: Red Meat Consumption & Health Information 
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In a 1980 USDA survey presented by Jones and Weimer (1981) consumers 

stated they ate less red meat due to health concerns, but per capita red meat 

consumption increased approximately six pounds between 1973 and 1980. 

Figure 8 plots per capita meat consumption with some general measures of 

health information. Health concerns can influence meat demand because 

consumer's perceptions of meat is influenced by their perception of the 

effects of fat and cholesterol. In particular the perceptions of fat and 

cholesterol consumption could be changed by different cuts, packaging, 

advertising, and product differentiation. Therefore, a measure of health 

information is described and will be included in this study. 

Logically the possible ways an individual can receive information are to 

see (television), to read (books, magazines, newspapers, pamphlets), or to hear 

(radio, friends, doctors) it. Thus, the measurement of the amount of health 

information the representative consumer is exposed to requires estimates of 

all three groups, and the assumption that each individual retains the 

information. The characteristics of information dissemination seem to dictate 

that all health information flows through newspapers and/or magazines. 

First, television and radio material is obtained from the printed press. 

FIGURE 9: Information Flow Chart 
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Second, friends obtain information in the same ways. Third, physicians and 

published pamphlets portray technical research in layman terms. Lastly, 

books are written directly from research or are a collection of information 

obtained from previously printed material. A flow chart characterizing this 

structure is presented in Figure 9. In summary, printed material is considered 

a quantifiable proxy for the amount of information available. All health 

information directed at the public would likely be printed in a general 

periodical or national newspaper. 

The first dietary information variable consists of the number of articles 

printed in general periodicals8 under the following subject headings: 

cholesterol; arteriosclerosis; food - fat content; heart - nutritional aspects; and 

diet - in disease. Every article falling into one of these subjects was assigned 

key words describing its content. The key words were then used to select those 

articles relevant to this study; the key words and list of article titles that 

resulted are presented in Appendices 1 and 2 respectively. These articles 

conveyed information pertaining to the health effects of red meat, 

particularly beef, consumption. 

The second information variable counted all articles appearing in the 

New York Times newspaper index under "Cholesterol" and cross referencing at 

least one of the subjects mentioned above. The New York Times was chosen 

because it has the widest circulation of those papers whose subject index 

covered the period of this analysis. Moreover, these articles were considered 

to be representative of information published in newspapers across the 

country and avoids double counting Associated Press and United Press articles. 

MODEL SPECIFICATION: 

Recent research has predominantly used the AIDS and Rotterdam models 

for estimation of demand systems. Therefore, both will be used in this study. 

Both systems are based on consumer demand theory, linear in parameters, 

have a flexible functional form, and can incorporate demographic variables. 

The general form of stochastic AIDS share equations is: 

8The Readers Digest General Periodical Index currently contains the listings of 
208 periodicals. 
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Where 

wi- x = budget (expenditure) share 

= nominal price 

= per capita quantity 

x = per capita total personal consumption expenditures 

£ = budget distribution index^ 

P* = price index 

i = a particular commodity 

n = total number of commodities 
e. error term 

The budget share proportion represents the proportion of total expenditure 

spent on a specific commodity. The sum of all commodity budget share 

proportions equals one, and none are negative. 

Stone's geometric price index is used to avoid non-linear estimation, and 

hence simplify the model, by approximating the ln(p*) as: 

ln(p*) = J wj(M) ln(p.) 

The budget share in this index is lagged to avoid simultaneity problems.1® The 

resulting equation, using In(p*), is termed the linear approximate model 

(LA/AIDS). 

The Rotterdam model is derived by multiplying the respective 

logarithmic first order Taylor-series approximation of each demand equation 

by its respective budget share: 

9In this study £ is assumed constant so no bias results from its omission, this is 
based on Eales and Unnevehr (1988) who found that its inclusion did not alter 
the overall statistical performance of the model because it is highly correlated 
to x. Furthermore, several researchers also omitted % from their studies, 
namely: Moschini and Meilke (1989); Chalfant (1987); and Capps, Tedford, and 
Havlicek (1985). 
*0 Based on research conducted by Eales and Unnevehr (1988, p. 522). 
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n  -  J p .  

^? n ^p = < x i + S v n ( p^ + p i l n ( x # )  

n - 1  p .  

J  
Where: 

ln(x*) = ln(x) - w.ln(p.) 

The assumption of an individual's utility maximization implies the 

following parametric restrictions for both demand model specifications: 

Adding-up Zero Homogeneity Slutskv Symmetry 

Prior to estimation symmetry is imposed on the system and one equation 

is deleted to avoid singularity of the estimated contemporaneous covariance 

matrix; and the prices are expressed as relative prices to maintain the 

homogeneity condition. Due to the imposition of the homogeneity condition 

and the specification (definition) of the expenditure term in each model, the 

prices and expenditures are represented in real terms. 

To incorporate the explanatory variables described in the previous 

section of this chapter, the intercept term is specified as a linear function of 

the variables (see Heien and Pompelli p. 38 and Capps, Tedford, and Havlicek p. 

863). This "translating" procedure is employed due to its flexibility and 

simplicity and is specified as: 

J  

3 

k 

Where: 

I = explanatory variable 

k = explanatory variables 
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With the new intercept term the adding-up conditions become: 

V a* = 1 Ya = 0 
£—t i Z—j ik 

To represent the progressive behavior that is typical of time series data 

dynamic models are derived by first differencing the share equations. Using 

first differences also removes most of the autocorrelation among the residuals, 

and results in relatively low R2's. Appendix 3 contains a list of the variables 

actually used in the AIDS and Rotterdam models. 

The correct formula for the LA/AIDS uncompensated price elasticities, 

\ is:1 1 

T|.. : y 

v.. - 8.w. 
y i J •5 -A] 

w. 
i ij w. 

wj + Xw
k

lnPk0lkj+8kj) 

Where: 

8.. = kronecker delta; 8.. = 1 if i = j, 8.. = 0 otherwise 
ij ij ij 

ti* 
The compensated price elasticities, »J, are then calculated as: 

Pi 
tl?j = Tlij + wj

(l+—) 

Pi 
T). = 1 +z= 
lx W For the LA/AIDS the income elasticities are derived from: i 

Tl* ti 
The compensated price, JJ, and income, ix, elasticities in the Rotterdam 

model are derived by dividing the coefficient estimates by their corresponding 

budget shares, i.e. 

=A 
w. 

Y- • !J 11* ===• 
»J w. 

1 1 a. 
ti =1^*1 

Tl il w k 
For both models the demographic elasticites, 'il, are : i 

^Green and Alston (1990), p. 443. 
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This formula_was derived from the theoretical elasticity formula. The 

expression represents the average value of the particular demographic 

variable. 

ESTIMATION TECHNIQUE: 

The two dynamic meat demand systems are estimated using the 

Multivariate Regressions (MVR) procedure in SORITEC. MVR is an iterative 

seemingly unrelated regressions procedure. Thus the resulting parameter 

estimates converge to their maximum likelihood values. In order for the 

models to be empirically estimated a normally distributed, mean zero, constant 

covariance disturbance term must be added. The covariance matrix will be 

singular but becomes non-singular upon deletion of one equation prior to 

estimation. The parameter estimates will be invariant to the deleted equation 

and, through the use of the model restrictions, the values of the parameters 

and their standard errors in the deleted equation (non-foods) can be derived. 

The determination of commodities to be included for estimation requires 

the consideration of budget share allocation among commodity groups. It has 

been postulated that a consumer allocates his/her budget in stages. The first 

stage is characterized by the allocation of expenditures among broad 

commodity groups consisting of many aggregated products, i.e. food and non

food. Within these groups it is obvious that smaller subgroups exist and, if 

they can be identified, should be included separately in the model. For 

example in the second stage, food can be divided into meats, dairy products, 

grain products, and fresh foods and non-foods can be divided into services, 

durables, and non-durables. These subcategories can also be disaggregated 

into smaller groups at further stages for analysis if the data is available, for 

instance, meat can be separated into beef, pork, chicken, and fish. This chain 

creates a structure commonly referred to as a utility tree. The development of 

such trees is based on a priori information, economic intuition, and the 

available data. 

The concept described in the preceding paragraph is referred to as 

separability and is widely used to limit the number of parameters to be 

estimated in demand studies. Researchers commonly assume weak separability 
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between the aggregate meat groups and all other goods, i.e. Christensen and 

Manser (1977), Moschini and Meilke (1989), Chalfant (1988), and Heien and 

Pompelli (1988). Thus, by focusing on the allocation of total food expenditures 

in the second stage separability is implicitly imposed in the first stage as 

allocation among the broad groups. Weak separability is a necessary, not 

sufficient, condition for the presence of aggregated groups. Strong 

separability occurs when the utility function can be transformed into one 

which is separable in the partial functions. Unfortunately, strongly separable 

preferences define specific cross substitution effects as being zero. These 

restricted effects aire usually overly limiting. 

Eales and Unnevehr (1988) were the first to test for separability within 

groups of meat products. The subgroups tested were ground beef, table cut 

beef, pork, whole chicken, and chicken parts/processed. 

FIGURE 10: Separability Groupings* 

First Stage: 

Total Expenditure 

Second Stage: 

Foods Non-Foods 

Third Stage: 

Other 
Foods 

Table Cut 
Beef 

Ground 
Beef 

Whole 
Chicken 

Parts 
Chicken 

Pork 

* Based on Eales and Unnevehr Panel A (1988, pg. 523) 
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Using these disaggregated meat groups, tests for separability indicate how 

consumers view the allocation of their budget within the meat subgroup. 

These tests suggested that consumers do not make choices based on the 

particular animal, but rather among specific cuts. Following Eales and 

Unnevehrs results on the stages of commodity groupings, separability focuses 

on the third stage; thus, the utility tree employed in this study (Figure 10) 

corresponds their Utility Tree 1. 

SUMMARY: 

This chapter defined the variables (Table 3), models (dynamic AIDS and 

Rotterdam), and estimation technique (MVR) used in this research. The 

separability assumptions were described that justified the use of the 

disaggregated meat products. In addition, the system restrictions and 

elasticities were presented with formulas showing relationships between the 

specified model coefficients. 
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CHAPTER 5 

ANALYTICAL RESULTS 

Parameter estimates from a demand system describe the basic 

characteristics of demand. New variables can be added to the system to derive 

additional information concerning consumer demand behavior. This chapter 

will focus on estimation of demand for ground beef (H), tablecut beef (T), pork 

(P), whole chicken (A), and parts/processed chicken (D) products. The 

discussion successively covers model selection, analysis of the estimated 

coefficients and equation statistics, and concludes with a discussion of the 

calculated elasticities. 

MODEL SELECTION: 

There are many criteria and tests which can be applied to estimation 

results to determine their validity; however, the most straightforward and 

commonly used are the R2 and Durbin-Watson statistics. Logically, the 

number of significant variables in a model is also important. 

The R2 statistic measures the proportion of variation in the dependent 

variable that is explained by the independent variables in the model. In this 

research the variables were defined in first differenced form which results in 

relatively low R2 values. This means that price and income changes do not 

explain all of the observed consumption changes. 

The D-W statistic is commonly used to test for the presence of serial 

correlation. It has also been employed as a rough test of the validity of 

dynamic model specifications. Models in first differenced form help to remove 

autocorrelation. Because the D-W measures have unknown distributions in 

multivariate models they do not constitute a complete test for autocorrelation. 

In any case the D-W's were close to two in 34 of the 36 equations (there were 6 

models with 6 equations in each) indicating that, in general, autocorrelated 

error terms is not a problem. The absence of autocorrelation is a necessary 

condition for an acceptable model specification. 
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The results described in this chapter were derived from two models. The 

first is the Rotterdam model with the New York Times' articles for the health 

information variable (INY), female employment (IPL), and microwave oven 

penetration (IMIC). Table 4 shows that this model produced a larger number of 

significant variables compared to the others.12 

TABLE 4: Model Comparison by Significant Variables 

MODEL 5 # OF SIGNIFICANT VARIABLES I 
r STANDARD INFORMATION TOTAL 

Rotterdam | 
General 1 13 n /a 13 
w/INY.IPL.IMIC* 17 6 23 
w/IG,IPL,IMIC | 13 7 20 

AIDS I 
General 1 17 n /a 17 
w/INY.IPL.IMIC j 16 4 20 
w/IG.IPL.IMIC i 16 4 20 

Note: Significance determined at the 95% confidence level. 
Single asterisk indicates the model chosen. 

The second model chosen is the AIDS model with the general periodical 

articles (IG), IPL, and IMIC. This model did not produce as many significant 

variables, however, the R2's produced by the AIDS model were higher and 

more consistent (stable) throughout the variations of the model as shown in 

Table 5 looking down the columns representing each equation, i.e. the H and D 

equations. Furthermore, the significance of many variables were common 

among the models. 

1 degression coefficients and corresponding t-values for the remaining five 
models are presented in Appendix 4. 
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TABLE 5: Model Comparison by R^'s 

MODEL EC )UAHONR2 VALUE MODEL 
H T P 1 A 1 D I 0 

Rotterdam 
General .59 .53 .89 .47 .18 .66 
w/INYJPL.IMIC .52 .80 .91 .83 .41 .66 
W/IG.IPL.IMIC .59 .85 .92 .68 .35 .67 

AIDS 
General .84 .43 .74 .81 .82 .51 
w/INY.IPL.IMIC .81 .68 .77 .90 .85 .52 
w/IG.IPL.IMIC* I .84 .77 .80 .85 .83 .53 

Note: Single asterisk indicates the model chosen. 

REGRESSION RESULTS: 

The estimation results from the selected Rotterdam and AIDS models are 

presented in Tables 6 and 7, respectively, and the compensated elasticities are 

in Table 8, pg. 73. Throughout the remainder of this chapter the selected 

Rotterdam model will be referred to as RtdmNY and the selected AIDS as AidsG 

to reflect the different health information variables used, i.e. New York Times 

(NY) or general periodical articles (G). 

This section will identify the statistically significant direct and cross 

price relationships, income effects, time trends (structural changes), and 

demographic impacts. The results will be compared to findings reported by 

other researchers and to a priori expectations. Furthermore, the conclusions 

drawn from the results will take account of the goodness-of-fit of the 

particular equation. 

Ground Beef: 

Ground beef is a substitute for pork and a complement to beef tablecuts; 

thus the ground beef consumption or budget share, depending on the model13, 

is negatively sensitive to the prices of pork and positively sensitive beef 

tablecuts. Eales and Unnevehr (1988) also found ground beef and pork to be 

13The dependent variables in Rotterdam and AIDS systems represent 
consumption and budget shares, repectively. 



TABLE 6: Estimated ROTTERDAM Regression Coefficients 

with NYT Articles, Female Employment Rates, and Microwave Oven Penetration 

Dep. Independent Regressors 
Var. 

H T P A D O N X 
Inter
cept INY IPL IMIC R2 D-W 

H -.186* 
(2.60) 

-.328* 
(5.27) 

.337* 
(6.57) 

.018 
(.98) 

-.005 
(.22) 

.038 
(.23) 

.126 -.297 
(1.12) 

.026* 
(2.40) 

.0005 
(.76) 

-1.42 
(1.04) 

-.198 
(.99) 

.52 1.92 

T -.328* 
(5.27) 

-.875* 
(7.36) 

-.007 
(.11) 

.074* 
(2.11) 

-.058 
(1.58) 

-.330 
(1.32) 

1.52 1.68* 
(4.20) 

-.018 
(1.08) 

-.001 
(1.49) 

5.15* 
(2.92) 

-1.77* 
(6.03) 

.80 2.80 

P .337* 
(6.57) 

-.007 
(.11) 

-1.14* 
(18.8) 

.044* 
(2.45) 

-.009 
(.43) 

.341 
(1.76) 

.435 .497 
(1.62) 

-.005 
(.38) 

-.0003 
(.40) 

.302 
(.22) 

-.330 
(1.48) 

.91 2.44 

A .018 
(.98) 

.074* 
(2.11) 

.044* 
(2.45) 

-.307* 
(4.34) 

.193* 
(2.85) 

-.117* 
(2.73) 

.095 .063 
(.91) 

-.013* 
(4.11) 

-.001* 
(4.93) 

1.83* 
(5.35) 

-.114* 
(2.18) 

.83 2.09 

D -.005 
(.22) 

-.058 
(1.58) 

-.009 
(.43) 

.193* 
(2.85) 

-.183* 
(2.69) 

.024 
(.48) 

.038 .112 
(1.43) 

.017* 
(4.98) 

.001* 
(2.57) 

-.319 
(.79) 

.071 
(1.18) 

.41 1.93 

0 .038 
(.23) 

-.330 
(1.32) 

.341 
(1.76) 

-.117* 
(2.73) 

.024 
(.48) 

-8.72* 
(6.72) 

8.76 5.36* 
(2.52) 

.039 
(.46) 

.0003 
(.07) 

4.75 
(.54) 

-.423 
(.28) 

.66 2.80 

Notes: Coefficients were derived from the Rotterdam model with symmetry and homogeniety imposed. 
Numbers are multiplied by 100 for ease of presentation. 
Figures in parentheses are the t-values for the parameter estimates in absolute value. 
Single asterisk indicates value significant at a .05 level. 



TABLE 7: Estimated AIDS Regression Coefficients 

with General Periodical Articles, Female Employment Rates, and Microwave Oven Penetration 

Dep. Independent Repressors 
Var. 

H T P A D O N X 
Inter
cept IG IPL IMIC R2 D-W 

H .463* 
(9.60) 

-.214* 
(3.53) 

.238* 
(5.57) 

.037 
(1.26) 

.003 
(.09) 

-.012 
(.09) 

-.516 -.791* 
(3.67) 

.017 
(2.01) 

.002 
(1.36) 

-1.75 
(1.72) 

.004 
(.02) 

.84 1.72 

T -.214* 
(3.53) 

.956* 
(7.45) 

.007 
(.11) 

-.024 
(.40) 

-.041 
(.80) 

-.667* 
(3.39) 

-.017 .024 
(.07) 

-.023 
(1.61) 

-.007* 
(3.29) 

3.85* 
(2.51) 

-1.19* 
(4.84) 

.77 2.33 

P .238* 
(5.57) 

.007 
(.11) 

.299* 
(4.46) 

.134* 
(4.54) 

-.043 
(1.57) 

-.117 
(.68) 

-.518 -.924* 
(3.07) 

-.015 
(1.27) 

-.003 
(1.88) 

2.19 
(1.71) 

-.117 
(.56) 

.80 2.25 

A .037 
(1.26) 

-.024 
(.40) 

.134* 
(4.54) 

.120 
(1.06) 

-.002 
(.02) 

-.186* 
(2.96) 

-.079 -.223* 
(2.23) 

-.014* 
(2.98) 

.00003 
(.48) 

1.37* 
(2.77) 

-.017 
(.23) 

.85 3.41 

D .003 
(.09) 

-.041 
(.80) 

-.043 
(1.57) 

-.002 
(.02) 

.270* 
(2.79) 

-.008 
(.14) 

-.179 -.101 
(1.09) 

.019* 
(4.53) 

.00001 
(.08) 

-.357 
(.77) 

.032 
(.48) 

.83 2.39 

0 -.012 
(.09) 

-.667* 
(3.39) 

-.117 
(.68) 

-.186* 
(2.96) 

-.008 
(.14) 

3.47* 
(2-74) 

-2.48 -9.77* 
(4.80) 

.051 
(.65) 

.013 
(1.12) 

2.20 
(.27) 

.081 
(.06) 

.53 2.64 

Notes: Coefficients were derived from the AIDS model with symmetry and homogeniety imposed. 
Numbers are multiplied by 100 for ease of presentation. 
Figures in parentheses are the t-values for the parameter estimates in absolute value. 
Single asterisk indicates value significant at a .05 level. 
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substitutes, but they also found ground and tablecut beef to be substitutes. 

Despite the fact that their estimate was also significant, their equation R2 was 

only .15, whereas, the AidsG and RtdmNY models had R2s of .84 and .52 

respectively. This indicates that the ground beef equation in the AidsG model 

fit and explained variations much better, resulting in more confidence being 

placed in its results. Eales and Unnevehr, and Wohlgenant (1986) both found 

ground beef and whole chicken to also be substitutes. Both of the models in 

this study confirmed this, however, neither coefficient was significant. 

The income variable in the AidsG model identified ground beef as an 

inferior good. The RtdmNY also produced this result but the estimate was not 

statistically significant. This result agrees with Eales and Unnevehr (1988) 

and Brester and Wohlgenant (1990). 

The intercept term represents a time trend that accounts for an 

exogenous decline or growth in the ground beef budget share, i.e. a structural 

demand change in this case. The significance of this intercept in the RtdmNY 

model indicates growth in ground beef consumption that is independent of 

relative price movements, meaning that consumer preferences have shifted 

toward ground beef. Although not significant, the AidsG model confirmed this 

unexpected finding of budget share growth. No previous researcher has 

specifically tested this measure of ground beef for structural change; this 

estimate contradicts the general belief that its demand has decreased. 

Furthermore, the consumption of ground beef has remained fairly stable 

suggesting that the combined inclusion of the demographic variables has 

explained a portion of the variation that was previously not explained, while 

the intercept measures the increase in demand. 

Tablecut Beef: 

Tablecut beef was a complementary good with ground beef in both 

models. The RtdmNY model indicated that tablecut beef and whole chicken are 

substitutes, meaning that consumption of tablecut beef is positively influenced 

by the prices of whole chicken. Eales and Unnevehr (1988) found tablecut 

beef and whole and parts chicken to have a complementary though 

insignificant relationship between budget shares. 
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Of the meat products in the RtdmNY model tablecut beef had the only 

significant income coefficient. The coefficient indentified tablecut beef as a 

superior good, thus its consumption responds positively to changes in real 

total food expenditures. Both Brester and Wohlgenant (1990) and Eales and 

Unnevehr (1988) agree with this finding. 

Tablecut beefs consumption and budget share increases with female 

employment and decreases with microwave oven penetration in both models, 

holding relative prices constant. The positive relationship between beef 

tablecuts and the employment rate of the female population could have 

resulted from the simplicity and minimal time requirement associated with the 

preparation of products such as steaks. The negative relationship of tablecut 

beef with microwave ovens is not surprising considering they are mainly used 

for convenience foods and reheating, not cooking large meat cuts. Also, the 

AidsG model indicated a negative relationship between tablecut beef budget 

shares and health information. This relationship indicates that an increased 

awareness of the health effects of consuming red meat on cholesterol levels 

and general health reduces the amount of the budget spent on beef tablecuts. 

This confirms the hypothesis by Eales and Unnevehr (1988), among others, 

which resulted from a negative growth trend in their tablecut beef equation, 

despite the fact it was insignificant. However, a move away from red meat 

consumption due to increased health consciousness should also negatively 

effect ground beef consumption, but it does not. These demographic variables 

are interpreted similarly to the intercepts; their significance is interpreted as 

an indication of structural demand changes. 

Whole Chicken: 

Whole chicken is a substitute for tablecut beef, pork, and disaggregated 

chicken, and a complement to other foods in the RtdmNY model. The AidsG 

model confirmed the substitute relationship with pork and the 

complementarity with other foods. The substitute relationship in the AidsG 

model suggests that the amount of an individual's budget allocated to whole 

chicken is negatively influenced by the price of pork. Whole chicken is, 

however, positively affected by the prices of other foods as a group. Eales and 

Unnevehr (1988) also found a substitution relationship between whole and 
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disaggregated chicken and a complementary relationship between chicken 

and the other food group. 

The intercept in this equation indicates an exogenous decline in the 

share of whole chicken which is independent of adjustments in relative prices 

in both models. This negative intercept indicates declining consumer 

preferences for whole chicken. This was also found by Eales and Unnevehr 

(1988) although their estimate was not significant. 

Both models found whole chicken to be a normal good, opposite of Eales 

and Unnevehr. 

All three demographic variables are negative and significant in the 

whole chicken equation in the RtdmNY model indicating that the whole 

chicken consumption would decrease with an increase in any one of them, 

barring any change in relative prices. Thus, an increase in the number of 

health articles, working women, and microwaves would decrease the demand 

for whole chickens. The negative relationship of whole chicken with health 

information in the RtdmNY model was not expected. However, the AidsG model 

with a higher R^ value indicated a positive but insignificant relationship. 

Nevertheless, the relationship suggested by the AidsG model supports the 

hypotheses that increased controversy over the consumption of red meat, and 

its possible negative impacts on our health, increase the amount of the budget 

spent on white meats including chicken. As females become employed it is 

suggested that their opportunity cost of meal preparation time increases, thus 

whole chickens should be less preferred because time is required to cut the 

whole chicken into parts. Unfortunately, both models contradicted this belief. 

Parts and Processed Chicken: 

The only significant relationship with disaggregated chicken in the 

RtdmNY model is it being a substitute for whole chicken, as discussed in the 

previous section. Unfortunately the AidsG model did not produce any 

significant cross price relationships. 

Many researchers have indicated that parts and processed chicken is a 

normal good. Both models and Eales and Unnevehr confirm this although 

none are significant. 
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The intercept of disaggregated chicken depicts growth in its budget 

share, and increasing consumer preferences in both models, which was not 

related to movements in relative prices. This finding confirms the hypothesis 

of a consumption trend toward white meat. Similarly, Eales and Unnevehr 

(1988) and Moschini and Meilke (1989) both found a positive significant trend. 

An increase in the number of articles printed in the New York Times, 

that concern meat consumption, will increase the budget share going toward 

the purchase of chicken parts. This exogenous growth was depicted in both 

equations, however, only significant in the RtdmNY model. This finding 

corresponds to the media praise for the 'healthier' chicken products. 

COMPENSATED ELASTICITIES: 

The relevant own-price, cross-price, income, and demographic 

elasticities calculated from the selected Rotterdam and AIDS models are 

presented in Table 8. These measurements enhance the coefficient results by 

providing a unit free measurement of the 'strength' of the relationship. This 

indication of strength is used for comparisons with previous findings and for 

forecasting. Elasticities from both models were calculated using the general 

variables to confirm the correctness of the formulas (Appendix 5). Both 

models produced similar estimates, as other researchers have indicated (see 

Eales and Unnevehr 1980 and Brester and Wohlgenant 1990). 

Ground Beef: 

The own price elasticity of ground beef was -.286 and -.275 for the 

RtdmNY and AidsG models respectively, meaning consumption will decrease 

approximately 3% for a 10% increase in its price. The sensitivity of ground 

beef to changes in its own price is the weakest of all the meat products, 

meaning the consumption of other products responds more drastically to 

changes in their own price than does ground beef. This elasticity is similar to 

that found for the total beef category by Moschini and Meilke (1984) and 

Chalfant (1987). 



TABLE 8: Compensated Elasticities 
RtdmNY 

Equations H T P A D O X INY IPL IMIC 
H 

ground beef -0.286 -0.505 0.518 0.028 -0.008 0.058 -.457 .007 -.976 -.053 
T 

tablecut beef -0.178 -0.476 -0.004 0.040 -0.031 -0.179 .913 -.007 1.245 -.165 
P 

pork 0.244 -0.005 -0.826 0.032 -0.007 0.247 .360 -.002 .098 -.041 
A 

whole chicken 0.065 0.265 0.155 -1.10 0.689 -0.418 .224 -.033 2.982 -.072 
D 

chicken parts -0.022 -0.251 -0.039 0.839 -0.796 0.103 .487 .0222 -.585 .049 
0 

other food 0.003 -0.023 0.024 -0.008 0.002 -0.620 .381 .0002 .149 -.005 

AidsG 
Equations H T P A D O X IG IPL IMIC 

H 
ground beef -.275 -.303 .383 .061 .005 .077 -.237 .026 -1.203 .001 

T 
tablecut beef -.111 -.457 .017 -.010 -.020 -.226 1.03 -.036 .931 -.111 

P 
pork .179 .031 -.768 .101 -.031 .029 .325 -.024 .709 -.014 

A 
whole chicken .140 -.062 .508 -.553 -.007 -.579 .175 .011 2.232 -.011 

D 
chicken parts .017 -.148 -.166 -.006 .127 .091 .581 .002 -.655 .023 

0 
other food .003 -.022 .004 -.011 .0004 -.637 .343 .009 .069 .0009 

Note: Elasticities calculated at mean values. 
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As initially indicated by the coefficients in both models, the budget 

share and consumption of ground beef will increase if pork prices rise and 

decrease if tablecut beef prices rise. The cross prices elasticities indicate that 

for increases of 10% in the prices of pork and beef tablecuts, respectively, the 

demand for ground beef demand will increase and decline by 5% in the 

RtdmNY and by 3*/2% in the AidsG. 

The ground beef income elasticity in the AidsG model was -.237, this 

corresponds to Brester and Wohlgenant's results of -.206. Thus if income were 

increased 10% the ground beef budget share would fall approximately 2%. 

Tablecut Beef: 

Tablecut beef consumption is negatively related to its own price, and the 

relationship is inelastic. The elasticity, -.476 in RtdmNY and -.457 in AidsG, was 

lower than that reported by Bales and Unnevehr (-.684) and Brester and 

Wohlgenant (-.743). However, if the elasticities were calculated at different 

years during the sample period the value would correspond more closely to 

these other findings. Table 9 shows the changing budget shares through time. 

Also, elasticities of both models calculated at the beginning and the end of the 

sample period are presented in Appendix 6. 

The negative relationship between tablecut beef consumption and 

ground beef price (-.178 in the RtdmNY and -.111 in the AidsG) is of smaller 

magnitude than that indicated by the converse elasticity measurement (of -5% 

discussed in the previous section for the RtdmNY and -3% for the AidsG). 

These elasticities were derived from the same coefficients, but differ due the 

different magnitudes of the average budget shares. This suggests that tablecut 

beef price has a stronger effect on ground beef demand than vice versa: Eales 

and Unnevehr and Brester and Wohlgenant found a stronger tablecut beef 

price elasticity. The consumption of tablecut beef will increase by 

approximately one half a percent with an increase in the price of whole 

chickens. This contradicts the Brester and Wohlgenant findings although 

their values were not significant. 



TABLE 9: Budget Shares 

COMMODITY 
YEAR 1 H T P A D O N 

1962 .79 2.07 1.80 .45 .11 15.99 78.80 
1963 .79 2.02 1.71 .44 .12 15.54 79.39 
1964 .77 2.00 1.61 .41 .12 15.51 79.58 
1965 .77 1.96 1.61 .41 .14 15.45 79.67 
1966 .78 1.96 1.68 .43 .15 15.35 79.64 
1967 .74 1.95 1.60 .37 .15 15.01 80.16 
1968 .72 1.96 1.52 .35 .16 14.88 80.41 
1969 .75 2.04 1.55 .37 .17 14.51 80.61 
1970 .74 2.05 1.57 .35 .18 14.81 80.30 
1971 .72 2.05 1.46 .31 .19 14.06 81.23 
1972 .67 2.19 1.47 .30 .19 13.55 81.62 
1973 .81 2.15 1.62 .36 .27 13.41 81.40 
1974 .81 2.17 1.59 .32 .23 14.15 80.73 
1975 .80 2.19 1.51 .32 .25 14.31 80.62 
1976 .72 2.07 1.44 .28 .25 14.10 81.13 
1977 .59 1.87 1.28 .25 .26 14.16 81.59 
1978 .69 1.92 1.32 .25 .26 13.78 81.78 
1979 .74 1.88 1.37 .26 .25 13.82 81.68 
1980 .67 1.79 1.30 .21 .30 13.93 81.81 
1981 .59 1.68 1.23 .20 .28 13.75 82.26 
1982 .54 1.62 1.20 .16 .29 13.78 82.40 
1983 .47 1.48 1.10 .13 .29 13.11 83.42 
1984 .42 1.39 .97 .13 .32 13.18 83.58 
1985 .38 1.31 .93 .11 .31 12.67 84.29 
1986 .36 1.19 .90 .09 .35 12.45 84.66 
1987 .34 1.09 .90 .08 .33 12.21 85.04 
1988 .33 1.06 .88 .07 .36 11.92 85.39 

AVG | .65 1.84 1.38 .28 .23 14.06 81.58 

Note: Numbers are multiplied by 100 for ease of presentation. 
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As expenditures (income) increase the quantity of tablecut beef 

purchased will increase also. The expenditure elasticity is close to one, .913 in 

the AidsG and 1.09 in the RtdmNY, indicating that a rise in tablecut beef 

expenditures will be approximately the same relative size as the rise in 

income. Confirming this finding, Eales and Unnevehr and Brester and 

Wohlgenant had value of 1.57 and .835 respectively. Many researchers using 

the aggregated beef category found income elasticities greater than one. 

As mentioned in the Regression Results section, the quantity demanded 

of tablecut beef would increase as a result of an increase in the percentage of 

employed females. The relationship is positive and elastic (1.25) in the 

RtdmNY model and nearly elastic in AidsG (.93). Therefore, the change in 

budget share and consumption of tablecut beef is nearly as large or larger 

than the corresponding employment change. Conversely, tablecut beef 

purchases would decrease l*/2 % with a 10% rise in the proportion of homes 

containing microwave ovens. 

Pork:  

The own price elasticity of pork demand is relatively high, but still 

inelastic. This measure was -.826 and -.768 in the models indicating pork is 

more sensitive to changes in its own price than the two beef products were to 

theirs. Brester and Wohlgenant calculated -.790 for the price elasticity of pork 

demand. 

Price increases of ground beef and whole chicken would increase pork 

consumption and the amount of the budget spent on pork by approximately 

1/2% and 2%, respectively. Both are small inelastic responses; however, the 

impact of a ground beef price change upon pork demand is greater than a 

change in the price of whole chicken in both models. 

Whole Chicken: 

The own price elasticity of whole chicken was -1.09 in the RtdmNY 

model. Indicating that a 10% increase in whole chicken price would decrease 

the quantity demanded by 11%. This price elasticity is the largest own price 

response calculated for the meat products. The AidsG elasticity was lower at -

.553 which corresponds well to every other study that reported elasticities, 
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unfortunately the parameter underlying the elasticity was not significant. 

Again refer to Appendix 6 where the RtdmNY elasticities are calculated at the 

beginning and end of the sample period. The whole chicken own price 

elasticities changed drastically, from -.682 in 1962 to -4.38 in 1988. 

According to the RtdmNY mode, a 10% increase in the prices of tablecut 

beef and chicken parts will cause the quantity of whole chicken consumed to 

increase by 3% and 7%, respectively. However, the AidsG model indicates that 

beef tablecuts and chicken parts prices would negatively impact the whole 

chicken budget share, but these results are derived from insignificant 

parameter estimates. A 10% increase in ground beef price was also found to 

increase the purchases of whole chicken by approximately 1% in both this 

study and Brester and Wohlgenant's study. 

A 10% increase in income would result in approximately a 2% increase 

in whole chicken consumption. Although this contradicts what Eales and 

Unnevehr found this value was significant and previous studies using 

aggregated chicken data found similar income elasticities, see Heien (1982), 

Haidacher et al. (1982), Dahlgran (1987), and Moschini and Meilke (1989). 

Similar to tablecut beef, an increase in the employment of females also 

raises the demand for whole chickens. This positive relationship is more than 

twice the sensitivity present for tablecut beef. On the other hand, increases of 

health information articles and microwave ovens result in decreases in the 

quantity of whole chickens demanded by individuals. These consumption 

decreases were both less than 1%. 

Parts and Processed Chicken: 

The own price elasticity of disaggregated chicken calculated for the 

RtdmNY model was -.796. Conversely, the consumption of chicken parts is 

positively impacted by an increase in whole chicken price, .839. The 

corresponding elasticities found by Eales and Unnevehr for own price and 

cross price with whole chicken were -.684 and .464 respectively. 

Increases in articles appearing in the New York Times, regarding meat 

consumption, decreases the demand for chicken parts. Although this result 

was unexpected the elasticity was extremely small, -.022. 
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SUMMARY: 

Making sense of the results of demand systems and comparing demand 

systems can be confusing. Therefore, the significant commodity 

relationships, intercepts, and demographic variables which either correspond 

to main points in others' research or are a main point in this research are: 

1) The significant cross price relationships support the disaggregation 

of meats into separate products (like Eales and Unnevehr and Brester and 

Wohlgenant). 

2) Ground beef is the only inferior meat good, tablecut beef is superior, 

and the remainder are normal. The ground beef finding follows Engel's Law 

which states that as incomes increase the changes in food expenditures are not 

proportionate, but smaller. So, as incomes rise relative to a commodities' price, 

the income effect of a price change will be smaller. 

3) Structural change has occurred in the demand for ground and 

tablecut beef and parts and whole chicken. Concerning aggregated 

commodities of beef and chicken, several researchers also found structural 

changes that can be considered to reflect substitution between the underlying 

disaggregated products. In general, consumer preferences are shifting away 

from whole chicken and towards ground beef and chicken parts. 

4) The recalculation of the RtdmNY and AidsG elasticities at 1962 and 

1988 budget shares affects the magnitude of the values. Furthermore, the 

income effect is impacted more strongly than the price effects. This 

demonstrates the importance of the point at which elasticities are calculated. 

5) As a group the health information variable was contradictory to a 

prior expectations. However, the estimates were very small indicating their 

impact on demand was small and probabely unnoticable. Therefore, health 

information does not appear to be a significant factor in recent meat demand 

shifts. 

6) Increased employment of females and the subsequent increase in the 

opportunity cost of their time spent preparing meals, is evident in the results 

that indicated that beef tablecuts are more preferred as the female 

employment rate rises. However, it is not supported by its positive impact on 

whole chicken demand. 
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7) The adoption of microwave ovens is negatively related to the demand 

for table cut beef and whole chicken. These negative relationships are not 

surprising considering microwaves are mainly used for convenience foods 

and reheating. Other meats cannot be acceptably cooked in microwaves, 

although recent technology is improving on this. 
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CHAPTER 6 

CONCLUSIONS AND RESEARCH EVALUATION 

This final chapter reviews and discusses the general outline of this 

project and the results obtained. The approach is critiqued and suggestions for 

improvement are put forth. 

CONCLUSIONS: 

This section summarizes the problem and objectives presented in 

Chapter 1. The results obtained from the estimated models are discussed along 

with the implications of the findings. 

Review of Problem and Objectives: 

Explaining recent meat consumption trends in the United States was the 

inspiration of this study. This required estimation of the demand for specific 

meats. Three variations of the Rotterdam and AIDS demand models were 

specified. The first specification included only the basic price, quantity, and 

income information and was used to validate the elasticity formulas and to 

compare elasticities between models. The remaining two specifications 

included the demographic variables; of these four models (two for each 

system) two were presented. Two were presented because both were clearly 

superior to the others, but in different ways. The results derived from these 

models were used to explore time trends and the effect that health information, 

opportunity cost of female's time, and convenience had on the demand for 

selected meat products. 

Results Summary: 

A general summary of the own price, cross price, and income effects is 

given in the beginning of this section. The intercepts in the differenced 

model, which represent trends in demand, indicated strong structural change 

and are then discussed. The remaining structural change indicators, the 

significance of the demographic variables, are explored more fully. 
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In both models the own price elasticities of ground beef were very 

inelastic and those of pork and chicken parts were less inelastic, tablecut beef 

fell in between. Strong cross price relationships between ground and tablecut 

beef and whole and parts chicken support the decision to disaggregate the 

composite meat categories. The significance of time trends in ground beef and 

whole and parts/processed chicken equations also reinforced the commodity 

disaggregation. Furthermore, the tablecut beef and whole chicken equations 

produced significant demographic variables which further supports the 

imposed separability structure. Tablecut beef has the only superior income 

effect and ground beef the only inferior effect of the meats tested; the 

remaining meats are all normal goods. 

Significant time trends indicated changes in demand structure; the 

results of both models indicate consumer preferences moving away from 

whole chicken and toward processed chicken and chicken parts. The health 

information variable positively influenced consumption of parts and 

processed chicken, but not whole chicken. This is contrary to the beliefs of 

many who suggest this variable should increase the consumption of white 

meat and decrease red meat consumption. However, the health issue focuses 

specifically on fat and cholesterol which consumers could interpret as only 

being visible, this would explain why whole chickens, tablecut beef, and pork 

are negatively affected whereas ground beef and parts and processed chicken 

are positively impacted. 

Ground beef also experienced growth in demand through time, even 

though it appears to be inferior. Although not significant, a positive 

relationship with the convenience variable may indicate that the traditional 

backyard barbecue and advertising that promotes main dishes using 

hamburger, i.e. Hamburger Helper, could account for increasing demand for 

ground beef over the past three decades, and may be increasing. Furthermore, 

a positive relationship with the health information variable could indicate 

that consumers view ground beef as a separate product without visible fat and, 

therefore, do not relate it to other red meat cuts. Consumption data and the 

estimated demographic variables do not reflect a negative consumer reaction 

to red meat.. Overall, it appears that the packaging of a product (visible fat and 
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smaller portions which are characteristic of ground beef and parts/processed 

chicken) influences consumer purchasing decisions. 

The variable designated to represent the opportunity cost of time, 

female employment, influences meat products opposite of the convenience 

variable so that the findings are mixed regarding a priori expectations. One 

would expect the demand for convenience products and products requiring 

little preparation time to increase with female employment. However, the 

demand for ground beef and all chicken decreases. Possibly, because the 

preparation of beef tablecuts and pork products requires little effort and skill, 

these products are chosen for their ease of preparation, not the time 

requirement. In general, the employment status of females appears to have 

little impact on the current demand for meat products and this result 

corresponds with those of Heien and Pompelli (1988, p. 41). Also, an increase 

in convenience in the kitchen promotes the consumption of the ground beef 

and parts/processed chicken products, indicating that they are sold in a form 

that makes for convenient preparation with microwave ovens. 

In summary, the chicken industry has followed a successful business 

strategy by predicting consumers wants and needs, by marketing new 

products that meet these needs, and by changing consumer perceptions and 

tastes thereby increasing demand. Conversely, the last packaging change in 

the beef industry took place more than 20 years ago and current business is 

based on cost cutting and price competition. Industries wishing to increase 

demand must attempt to fill the needs of changing consumer behavior and 

lifestyles. 

CRITIQUE OF RESEARCH: 

This section discusses the procedures used in this study and suggestions 

for future research based on the results of this study. 

General Comments: 

This study was descriptive in nature and maintained a positive 

dimension since the goal was to portray "what is" the situation faced by the 

meat industry. However, this study indirectly contained a normative, "what 

should be," element due to the imposed assumptions regarding the 
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consumption behavior of a typical consumer. This normative view prompts 

many to draw conclusions regarding the future behavior of consumers, 

farmers, suppliers, marketers, policy makers, and others from the results. 

Unfortunately, this approach produces a large gap between study results and 

implementation based on those findings. 

The unavailability of data, either for specific products or because it was 

not collected, was a major restriction on this study. 

The demand models used in estimation were defined as complete, 

inherently linear, and specified in first differenced form. The choice to 

impose these characteristics on the models was based on a set of assumptions 

and subjective reasons, hence the choices can easily be disputed. For instance, 

technically, the model was not 'complete' only the pooling of data made it so. 

Also, looking at the specified demand system, it is somewhat unrealistic to 

portray the relationship between the dependent and independent variables in 

linear form. Lastly, first differencing a model allows one to focus on year to 

year changes, however, the actual 'level' of the raw data is also important. 

These were the major assumptions which could spur debate, but others also 

exist. 

The prices and quantities observed in the marketplace are assumed to 

have been generated by the intersection of both demand and supply functions. 

Thus, changes in the supply of a commodity can directly effect the observed 

prices and quantities without a demand change. When analysis is centered on 

the explanation of consumption trends it is vital to consider supply as well as 

demand changes, especially when considering the domestic food market where 

most production is marketed and consumed. 

The elasticities were calculated at mean values, ultimately breaking up 

the measurements into smaller time periods would be preferable because mean 

values mask trends. In particular, the budget shares of each commodity 

change significantly during the sample period. For example, creating trends 

in elasticities. From 1972 to 1973 the budget share for ground beef increased 

from .67 to .81 and that for chicken parts increased from .19 to .27: these 

changing values drastically change the estimated elasticity. Therefore, 

comparisons with previous studies must consider the time period and formula 

used for calculation of the elasticities. 
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All reported results should be taken literally, that is, their implied 

commodity characteristics and sensitivities apply only to the products included 

in the model, and caution should be taken with further hypotheses For 

example, the "other food" category defined initially as to include non-meats 

actually includes all foods except beef, pork, and chicken, so that lamb, turkey, 

fish, and wild game animals (meat items) are included. 

Suggestions: 

Following the completion of this study I think future research in meat 

demand would be informative if non-linear and non-first differenced systems 

were estimated; income distribution is accounted for; fish data were included; 

and the commonly used "other food" group is replaced with pooled data from 

each of the remaining major food groups, durables, non-durables, and 

services. 
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APPENDIX 2 

FINAL PERIODICAL LIST 

T i t l e s  

Anti-Atheroclerosis Diets 
Are You Eating Your Way to Arteriosclerosis? 
Relation in Man Between Cholesterol Levels in the Diet and in the 
Blood 
Significance of Endogenous Cholesterol in Arteriosclerosis 
Cholesterol Protects Arteries From Damage 
Coronaries and Cholesterol 
Calories are More Than Fat Control in Artery Disease 
Fat and Your Arteries 
ABC's of Heart Attack and Recovery; excerpt from Heart Disease 
Caused by Coronary Arteriosclerosis 
No One Villain in Heart Disease. Fat in the Diet 
Are You Eating Your Way to a Heart Attack? High-Cholesterol-
High-Fat-Diet 
Cholesterol and Heart Disease 
Fat and Arteries 
Fat Put in Veins Takes Out Cholesterol 
Fats and Heart Disease 
Strict Diet Lowers Arteriosclerotic Deaths 
Battle Over Fats in Diet 
Dieting and the Heart 
Fat in the Diet 
No Radical Fat-Diet Change is Recommended 
Questions on Non-Fat Diets 
Too much Fat in Your Diet? 
What You Should Know About Heart Attacks and High-Fat Diets 
Can You Eat Yourself Into a Heart Attack? An Interview 
Heart Patients Eat Radioactive Fat 
Single Fat Meal Could Bring on Heart Attack 
What We Know About Fats. Dietary Aids, and Heart Attacks 
Doctors Find Fats in Vessels of Atherosclerotics 
Prudent Diet Lowers Cholesterol in Blood 
Low Cholesterol Levels Found in Atherosclerotics 
Does Diet Affect Your Arteries? 
Heart Attacks: Can Diet Prevent Them? 
AMA Blows Whistle on Fat-Free Diets 
Body Cannot Compensate For High-Cholesterol Diet 
Fat, Food, and Heart Disease 
Fats, in Diet: The Real Key To Heart Disease? 
New Diet-Heart Study; Cooperative Diet & Heart Feasibility Study 
Your Diet and Heart Disease 
Low-Calorie Protein Diet: Cholesterol Levels of Monks 



87 
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Four Fats in the Blood: Which Cause Heart Attacks? 
Prudent Diet; Anti-Coronary Club of New York City 
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Diet: Heart of the Matter? 
Diet: Heart of the Matter? Robert Watties's Road Back 
Fats and Smoking Attacked in War on Heart Disease 
Proper Diet Decreases Repeat Heart Attacks 
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Diet Reduces Heart Attacks 
Killer at the Table? How Diet Affects the Risk of Heart Disease 

1967 Diet & the Heart 
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Do Animal Fats Cause Heart Attacks? 
Should Your Families Diet be Changed to Prevent Heart Attacks? 
Yemenites' Exodus; Effects of Different Diets and Ways of Life on 
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Fats and the Heart; Recommendations of the Inter-Society 
Commission for Heart Disease Resources 
Role of Diet; Report of Inter-Society Commission for Heart Disease 
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Five New Diets to Save Your Heart 
Heart Disease Medics Renew Drive to Cut Down on Meat, Milk, and 
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New Reports on Changing Diet to Lower Heart Disease Risks 
On Vitamin C, Cholesterol, and Heart Attack 
Plain Talk About Your Diet and Heart Attacks; excerpt from The 
Family Guide to Better Food and Health 
Questions and Answers on Fats and Cholesterol 
There's More Than Cholesterol Behind Heart Attacks 
You and Your Heart: The Real Role of Fats 
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Fats in the Foods We Eat; Affluent Malnutrition 
How and Why to Cut Down on the Fats in Your Diet; Questions and 
Answers 
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Atherosclerosis and the Arterial Smooth Muscle Cell 
Carol Cutler's Husband Eats to his Heart's Delight: With Low 
Cholesterol Recipes 
Cooking to Save Your Heart: excerpt from The American Heart 
Association Cookbook 
How Do Arteries Harden? Atherosclerotic Deposits 
Tips to Help You Cut Down on the Fats in Your Diet 

1974 
1974 
1974 

Controversy Over the Relationship of Animal Fats to Heart Disease 
Good Eating, Low Cholesterol; With Recipes 
Loving Couple's Diet; With Low Cholesterol Recipes 

1975 How to Control Fat and Calories in a Family Diet; With Recipes 
1976 Atherosclerosis: The Cholesterol Connection 
1977 
1977 

1977 

Cholesterol ... Is Just One Heart Threat 
Failed Hypothesis; Low-Fat, Low-Cholesterol Diet to Reduce 
Incidence of Coronary Heart Disease 
Fat-Containing Uterine Smooth Muscle Cells in Toxemia: Possible 
Relevance to Atherosclerosis? 
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Low Cholesterol Diet: It Won't Prevent Heart Attacks 
Diet That Can Reverse Heart Disease; Pritkin Diet 
How to Cut Down on Fat (Cholesterol and Calories, Too) and Still Eat 
the Foods You Love 
New Look at Cholesterol and Heart Disease 
Vasectomy Increases the Severity of Diet-Induced Atherosclerosis 
What's Good For You; Low-Fat Diet 
Beyond Cholesterol: A New Theory on Arteriosclerosis 
Dietary Cholesterol and Colon Cancer 
Medics; Views of Dr. G. Mann on Cholesterol and Heart Disease 
New Look at Diet and Heart Disease 
No-Fat Cooking Fat; Use of Sucrose Polyester to Reduce Cholesterol 
Eating to Your Heart's Content 
Fear of Eating (Cholesterol Report) 
Furor Over Fats in Your Diet (Report by F&N Board) 
How Risky is a Diet Rich in Fats? 
Low Cholesterol and Heart Attacks 
Questioning Fat and Cholesterol Levels 
Social Environment as a Factor in Diet-Induced Atherosclerosis 
TLC: New Weapon Against Heart Disease? (Social Environment as a 
Factor in Atherosclerosis From Diet) 
Way to a Man's Heart . . . (Cholesterol in Meals) 
Cholesterol: You Can't Win (Studies Suggest Low-Cholesterol Diet 
May Help Against Heart Attacks but Hurt When it Comes to Cancer) 
Cholesterol: May Help Your Heart, But May Cause Cancer 
Diet and Heart Disease 
Hormonal Requirements for Growth of Arterial Smooth Muscle Cells 
in Vitro: A New Approach to Atherosclerosis 
Low-Fat Diet Poses Little or no Cancer Risk 
Fat Factor in Foam Cells ( Absorb Low-Density Lipoproteins in 
Atherosclerosis Patients) 
The Fish-Oil Factor (Eskimos Have Low Incidence of Heart Attacks 
Due to Polyunsaturated Fats in the Diet) 
Trimming the Fat (from American Heart Association) 
Way to a Healthy Heart: Through Your Stomach 
Cholesterol - Heart Disease Link Illuminated (Drugs) 
Fat in Ground Beef 
Fats, Diets and Your Health 
New Values For Heart Disease Prevention (Cholesterol) 
The Bottom Line About Fat (from Prevent Your Heart Attack) 
A Diet You Can Take to Heart 
Cholesterol Confirmation (Reducing Heart Attacks) 
Cholesterol is the Culprit (Heart Disease) 
Eating for a Healthy Heart 
Fat in the Diet 
Heart Attack and Cholesterol 
Heart Protection - the Mediterranean Way (Traditional Neapolitan 
Diet) 
How LDL Receptors Influence Cholesterol and Atherosclerosis 
It's Never too Early to Start Eating for Your Heart 
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Lowered Cholesterol Decreases Heart Disease 
Lowered Cholesterol Lowers Heart Disease 
Retarding Effect of Lowered Heart Rate on Coronary 
Atherosclerosis 
Sorry, It's True (Link Between Cholesterol and Heart Disease) 
The Doctors' Diet: How to Cut Back on Fats 
The Fatty Diet Under Attack 
The Heart-Saving News About Cholesterol 
The Living Heart Diet 
Attacking Cholesterol, Saving Your Heart 
Cholesterol: What You Should Know Now, Including New Diet 
Guidelines 
Cholesterol Guidelines 
Cut Cholesterol for a Heart-y Diet 
Diet and Heart Disease: A Stronger Link? 
Diet and Your Kid's Heart 
Diet-and-Heart-Disease Link Strengthened 
Heart Disease: Let Them Eat Fish 
Herpes and Heart Attacks (Link to Atherosclerosis) 
Platelet-Mediated Cholesterol Accumulation in Smooth Muscle Cell 
(Atherosclerosis) 
The Latest on Diet and Your Heart 
Your Diet: The Cholesterol Controversy 
Cafeteria Has Nutrition 'Heart at Work' (re: menu) 
Cholesterol: Still Risky at Low Levels (Linked to Heart Disease) 
Diet, Exercise, and Other Keys to a Healthy Heart 
Diet, Metals, and Hidden Heart Disease 
Don't Let Bad Fats Attack Your Heart: Easy Ways to Cut Back on 
Cholesterol 
Fat Watch: Is Your Diet Safe? 
New Way to Watch Cholesterol (Cholesterol/Saturated Fat Index) 
The Culinary Heart (Course Developed by the AmHA) 
The Greenland Diet: Can Fish Oils Prevent Heart Disease? 
Your Diet: On The Fat Track 
A Pill to Cut Cholesterol: Hope for Hearts (Lovastatin) 
An Introduction to Fats and Cholesterol 
Bypass Breakthrough (USC Study on Lowering Cholesterol Through 
Diet and Exercise) 
Cholesterol vs. Saturated Fats (discussion of Planning a Diet for A 
Healthy Heart) 
Cholesterol: The Heart of the Matter 
Diet, Drugs Slow Heart-Felt 'Insults' (Lowering Cholesterol) 
Eggs O.K. on Low-Fat Diet 
Fat and the Cholesterol Connection 
Fish Oil and Cholesterol: A Megadose of Hype? (Diet Supplements) 
For Cattle, The Svelte Look Is In (Lower Fat Beef) 
One for the Heart (USC Study on Lowering Cholesterol Through Diet 
and Drugs) 
Planning a Diet for a Healthy Heart 
Snake Oil (Dietary Fats) 
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Surfn Turf (Cattle Injected With Fish Oil to Produce Meat With Less 
Saturated Fat) 
The American Heart Association's Guide to Healthy Eating 
The Diet That Can Clear Your Arteries 
The Fat Point System: A Winning Thinning Strategy 
Your Diet: Good Fat, Bad Fat 
A Diet That Can Save Your Life (Oat Bran Lowers Cholesterol) 
Breast Cancer Study Vetoed (Possible Link With Dietary Fat) 
Cholesterol Was Sending Writer Robert Kowalski to an Early Grave; 
Now He's Going to the Bank (Creator of Oat Bran and Niacin Diet) 
Controlling Cholesterol: How Good Are "mono" Fats and Oats? 
Designer Roast (Fat-Free Chuck Roast) 
Fake Out Your Fat Tooth (Cutting Fat Cravings) 
Kids Say 'soy long' to High Cholesterol (Soy-Protein Diet) 
Lean and Clean (Low-Fat, Drug-Free Meat) 
Meat Eaters Top Cholesterol Charts 
New View of Fatty Foods in Diabetics' Diets 
The Enzyme for a Low-Cholesterol Diet 
The Lower-Your-Cholesterol Diet 
Trim the Fat! Cut the Cholesterol! 
When to Trim the Fat (Beef) 
Where's the Fat? (Study of Meat Consumption) 
Yoga, Diet, & Exercise Melt Plaque; Devices Clear Plaque from 
Arteries; Low Levels of Good Cholesterol a Bad Sign 



APPENDIX 3 

DESCRIPTION OF MODEL VARIABLES 
AIDS 

VARIABLES DESCRIPTION 

H Ground Beef (hamburger) 
T Table Cut Beef 
P Pork 
A Whole Chicken (aggregated) 
D Parts/Processed Chicken (disaggregated) 
0 Other Food (non-meat) 
N Non-Foods 
CW Total Per Capita Personal Consumption Exd. 
LW Log of Real CW 
S (H.T.P.A.D.O.N) Budget Shares 
ZS First Differenced Budget Shares 
L (H.T.P.A.D.O) Log of Price Relatives 
ZL First Differenced Log of Price Relatives 
RL (H.T.P.A.D.O.N) Log of Real Prices 
X LW - X (Lagged S__*RL_) 

ZX First Difference of XY 
ZINY First Difference of New York Times Articles 
ZIG First Difference of Periodical Articles 
ZIPL First Difference of Female Employment 
ZIMIC First Difference of Microwave Penetration 

ROTTERDAM 
VARIABLES DESCRIPTION 

H.T.P.A.D.O.N same as in AIDS 
CW it 

S tl 

ZINY.ZIG.ZIPL.ZIMIC M 

AS (H.T.P.A.D.O) Two Period Average of Budget Shares 
ZO First Differenced Log of Ouantities 
V AS *ZO 
L Log of Price Relatives 
ZL First Differenced L 
ZP (H.T.P.A.D.O.N) First Differenced Log of Real Prices 
ZLW First Differenced Log of Real CW 
A X (AS *ZP ) 
X ZLW-A 



APPENDIX 4 

ESTIMATED REGRESSION COEFFICIENTS 

General AIDS Model 

Dependent Independent Repressors 
Variables N Inter

H T P A D O non-f X cept 

H .370* -.098 .223* .094* -.015 -.104 -.469 -.839* .009 
ground beef (8.91) (1.43) (5.64) (3.82) (.76) (.90) (4.24) (1.24) 

T -.098 .914* .042 -.061 -.016 -.302 -.478 -.509 -.026 
tablecut beef (1.43) (4.49) (.45) (.99) (.34) (1.10) (1.02) (1.46) 

P .223* .042 .327* .112* -.050 .002 -.656 -.901* -.008 
pork (5.64) (.45) (4.52) (3.63) (1.99) (.01) (2.86) (.75) 

A .094* -.061 .112* .127 .0003 -.158* -.114 -.155 -.006 
whole chicken (3.82) (.99) (3.63) (1.10) (.003) (2.40) (1.40) (1.52) 

D -.015 -.016 -.050 .0003 .264* -.012 -.170 -.092 .017* 
chicken parts (.76) (.34) (1.99) (.003) (2.72) (.23) (1.02) (5.16) 

0 -.104 -.302 .002 -.158* -.012 2.97* -2.40 -9.30* .069 
other food (.90) (1.10) (.01) (2.40) (.23) (2.51) (4.78) (1.03) 

Notes: Coefficients were derived from an AIDS model with symmetry and homogeneity imposed. 
Numbers are multiplied by 100 for ease of presentation. 
Figures in parentheses are the t-values for the parameter estimates in absolute value. 
Single asterisk indicates value significant at a .05 level. 



General Rotterdam Model 

Dependent Independent Repressors 
Variables N Inter

H T P A D O non-f X cept 

H -.297* -.133 .285* .104* -.015 .037 .018 -.483* .016 
ground beef (6.18) (1.97) (6.69) (4.33) (.76) (.27) (2.16) (1.96) 

T -.133 -.893* .011 -.033 -.007 .081 .974 1.22* -.028 
tablecut beef (1.97) (4.90) (.13) (.61) (.17) (.22) (2.14) (1.35) 

P .285* .011 -1.083* .068* -.036 .365 .386 .371 -.010 
pork (6.69) (.13) (15.97) (2.20) (1.55) (1.82) (1.20) (.89) 

A .104* -.033 .068* -.169 .016 -.032 .046 .092 -.668 
whole chicken (4.33) (.61) (2.20) (1.80) (.19) (.45) (.82) (1.57) 

D -.015 -.007 -.036 .016 -.002 .004 .040 .166 .017* 
chicken parts (.76) (.17) (1.55) (.19) (.03) (.08) (1.92) (5.06) 

0 .037 .081 .365 -.032 .004 -8.59* 8.13 5.41* .057 
other food (.27) (.22) (1.82) (.45) (.08) (6.97) (2.73) (.79) 

Notes: Coefficients were derived from the Rotterdam model with symmetry and homogeniety imposed. 
Numbers are multiplied by 100 for ease of presentation. 
Figures in parentheses are the t-values for the parameter estimates in absolute value. 
Single asterisk indicates value significant at a .05 level. 



ROTTERDAM Model 

with General Periodical Articles, Female Employment Rates, and Microwave Oven Penetration 

Dependent Independent Repressors 
Variables 

H T P A D O 
N 

non-f X 
Inter
cept IG IPL IMIC 

H 
ground beef 

-.223* 
(3.64) 

-.290* 
(5.30) 

.344* 
(7.12) 

.022 
(.83) 

.005 
(.21) 

.082 
(.54) 

.07 -.354 
(1.47) 

.027* 
(2.64) 

.003 
(1.73) 

-1.36 
(1.08) 

-.233 
(1.26) 

T 
tablecut beef 

-.290* 
(5.30) 

-.891* 
(8.85) 

-.024 
(.41) 

.022 
(.47) 

-.025 
(.59) 

-.481* 
(2.16) 

1.40 1.86* 
(5.34) 

-.023 
(1.62) 

-.007* 
(3.14) 

5.75* 
(3.67) 

-1.72* 
(6.79) 

P 
pork 

.344* 
(7.12) 

-.024 
(.41) 

-1.14* 
(18.6) 

.073* 
(2.70) 

-.026 
(1.11) 

.222 
(1.20) 

.551 .554 
(1.94) 

-.007 
(.59) 

-.004* 
(2.06) 

.812 
(.62) 

-.304 
(1.47) 

A 
whole chicken 

.022 
(.83) 

.022 
(.47) 

.073* 
(2.70) 

-.115 
(1.19) 

-.025 
(.29) 

-.104 
(1.69) 

.127 .089 
(.94) 

-.012* 
(2.72) 

-.0001 
(.32) 

1.62* 
(3.36) 

-.183* 
(2.60) 

D 
chicken parts 

.005 
(.21) 

-.025 
(.59) 

-.026 
(1.11) 

-.025 
(.29) 

.037 
(.46) 

.032 
(.59) 

.002 .108 
(1.30) 

.016* 
(4.25) 

.00001 
(.30) 

-.268 
(.62) 

.135* 
(2.17) 

0 
other food 

.082 
(.54) 

-.481* 
(2.16) 

.222 
(1.20) 

-.104 
(1.69) 

.032 
(.59) 

-8.31* 
(6.24) 

8.56 5.13* 
(2.45) 

.054 
(.63) 

.012 
(.91) 

2.14 
(.24) 

-.479 
(.32) 

Notes: Coefficients were derived from the Rotterdam model with symmetry and homogeniety imposed. 
Numbers are multiplied by 100 for ease of presentation. 
Figures in parentheses are the t-values for the parameter estimates in absolute value. 
Single asterisk indicates value significant at a .05 level. 



AIDS MODEL 

with NYT Articles, Female Employment Rates, and Microwave Oven Penetration 

Dependent Independent Repressors 
Variables 

H T P A D O 
N 

non-f X 
Inter
cept INY IPL IMIC 

H 
ground beef 

.501* 
(8.80) 

-.256* 
(3.74) 

.234* 
(5.08) 

.042 
(1.77) 

-.008 
(.34) 

-.062 
(.46) 

-.451 -.740* 
(3.22) 

.018 
(1.92) 

.0002 
(.38) 

-1.87 
(1.68) 

.033 
(.20) 

T 
tablecut beef 

-.256* 
(3.74) 

.960* 
(6.41) 

.034 
(.48) 

.032 
(.64) 

-.081 
(1.70) 

-.520* 
(2.32) 

-.169 -.158 
(.39) 

-.017 
(1.04) 

-.001 
(1.20) 

3.25 
(1.86) 

-1.25* 
(4.32) 

P 
pork 

.234* 
(5.08) 

.034 
(.48) 

.303* 
(4.56) 

.099* 
(4.23) 

-.021 
(.85) 

-.026 
(.15) 

-.623 -.969* 
(3.00) 

-.013 
(1.05) 

-.0003 
(.41) 

1.73 
(1.27) 

-.137 
(.60) 

A 
whole chicken 

.042 
(1.77) 

.032 
(.64) 

.099* 
(4.23) 

-.075 
(.77) 

.206* 
(2.21) 

-.199* 
(4.04) 

-.105 -.221* 
(2.71) 

-.015* 
(4.10) 

-.001* 
(3.28) 

1.53* 
(3.81) 

.056 
(.92) 

D 
chicken parts 

-.008 
(.34) 

-.081 
(1.70) 

-.021 
(.85) 

.206* 
(2.21) 

.059 
(.63) 

-.011 
(.20) 

-.144 -.104 
(1.20) 

.020* 
(5.31) 

.001* 
(2.40) 

-.411 
(.97) 

-.034 
(.53) 

0 
other food 

-.062 
(•46) 

-.520* 
(2.32) 

-.026 
(.15) 

-.199* 
(4.04) 

-.011 
(.20) 

2.88* 
(2.31) 

-2.06 -9.62* 
(4.65) 

.036 
(.45) 

.0003 
(.08) 

5.27 
(.64) 

.234 
(.16) 

Notes: Coefficients were derived from the Rotterdam model with symmetry and homogeniety imposed. 
Numbers are multiplied by 100 for ease of presentation. 
Figures in parentheses are the t-values for the parameter estimates in absolute value. 
Single asterisk indicates value significant at a .05 level. 



APPENDIX 5 

COMPENSATED ELASTICITIES 

General ROTTERDAM Model 

Equations 
H T P A D O X 

H 
ground beef -.457 -.205 .438 .160 -.022 .058 -.743 

T 
tablecut beef -.072 -.485 .006 

OO O
 

l -.004 .044 .663 
P 

pork .207 .008 -.783 .049 -.026 .264 .269 
A 

whole chicken .371 -.119 .244 -.604 .056 -.113 .330 
D 

chicken parts -.063 -.031 -.155 .069 -.009 .019 .722 
0 

other food .003 .006 .026 -.002 .0003 -.611 .385 

General AIDS Model 

Equations 
H T P A D O X 

H 

ground beef -.412 -.127 .358 .148 -.024 -.061 -.313 
T 

tablecut beef -.048 -.478 .036 -.031 -.007 -.034 .733 
P 

pork .169 .053 -.748 0.085 -.036 .122 .342 

A 
whole chicken I .352 -.205 .427 -.527 .003 -.462 .427 

D 
chicken parts -.058 -.048 -.197 .004 .102 .077 .618 

0 
other food -.003 .001 .012 -.009 .0003 -.677 .382 



APPENDIX 6 

COMPENSATED ELASTICITffiS WITH 1962 & 1988 BUDGET SHARES 
RtdmNY with 1962 budget shares 

Equations H T P A D O X INY IPL IMIC 
H 

ground beef -.235 -.415 .427 .023 -.006 .048 -.376 .006 -.791 -.043 
T 

tablecut beef -.158 -.423 -.004 .036 -.028 -.159 .812 -.007 1.094 -.145 
P 

pork .187 -.004 -.633 .024 -.005 .189 .276 .002 .074 -.031 
A 

whole chicken .040 .165 .097 -.682 .429 -.260 .139 -.019 1.789 -.043 
D 

chicken parts -.046 -.525 -.082 1.754 -1.663 .215 1.018 -.048 -1.276 .109 
0 

other food .002 -.021 .021 -.007 .001 -.543 .335 .0002 .131 -.004 

RtdmNY with 1988 budget shares 
Equations H T p A D O X INY IPL IMIC 

H 
ground beef -.564 -.994 1.021 .055 -.015 .114 -.9 .015 -1.893 -.102 

T 
tablecut beef -.309 -.825 -.007 .069 -.055 -.311 1.585 -.013 2.137 -.284 

P 
pork .383 -.008 -1.295 .049 -.010 .388 .565 .003 .151 -.064 

A 
whole chicken .256 1.059 .621 -4.38 2.76 -1.671 .896 -.127 11.502 -.277 

D 
chicken parts -.014 -.161 -.025 .536 -.508 .066 .311 -.015 -.389 .033 

0 
other food .003 -.028 .029 -.009 .002 -.732 .449 .0003 .175 -.006 



AidsG with 1962 budget shares 
Eauations H T P A D O X IG IPL IMIC 

H 
ground beef -.409 -.239 .317 .051 .003 .108 -0.0013 .021 -.975 .0008 

T 
tablecut beef -.095 -.518 .021 -.007 -.019 -.162 1.032 -.032 .818 -.098 

P 
pork .138 .030 -.817 .079 -.024 .076 .495 -.018 .535 -.010 

A 
whole chicken .088 -.027 .315 -.729 -.004 -.271 .508 .006 1.339 -.006 

D 
chicken parts .032 -.342 -.375 -.014 1.454 .054 .082 .004 -1.428 .049 

0 
other food .005 -.014 .009 -.007 -.001 -.645 .451 .008 .061 .0009 

AidsG with 1988 budget shares 
Equations H T P A D O X IG IPL IMIC 

H 
ground beef .397 -.612 .725 .113 .008 -.003 -1.402 .051 -2.333 .002 

T 
tablecut beef -.198 -.088 .015 -.022 -.035 -.509 1.034 -.062 1.598 -.191 

P 
pork .269 .030 -.653 .153 -.047 -.052 -.050 -.037 1.095 -.021 

A 
whole chicken .519 -.297 1.917 .715 -.031 -2.65 -2.187 .041 8.611 -.041 

D 
chicken parts .011 -.100 -.111 -.005 -.247 .087 .722 .001 -.436 .015 

0 
other food -.001 -.036 -.003 -.015 .001 -.619 .202 .011 .081 .001 
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