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(ABSTRACT)

Evidence of changing patterns of food consumption behavior is presented.
Previous attempts at explaining these changes are critically reviewed and the need for
an alternate approach is identified. A model of consumer behavior in which utility
from food consumption is maximized subject to outlay for foods and limits on the
consumption of fat, cholesterol, sodium, and/or other food components is proposed.
This model yields a system of demands that are functions of prices and outlay as well
as the composition of food and limits on the consumption of these components.

The structure of this model is examined and restrictions on consumer food
demands are derived. The derivation of individual demands based on the proposed
model is demonstrated using a specific indirect utility function. Tests of the joint
hypotheses that fat or cholesterol consumption determines food demand are defined.
The computation of aggregate food demand elasticities with respect to changes in

prices and changes in attributes such as fat or cholesterol consumption is



demonstrated. Data necessary for estimating the parameters of the model and testing
hypotheses are identified.
The model proposed in this study allows tests of the hypothesis that food

demands are not affected by food composition as well as measurement of these effects.
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collection, aggregation, translog model, economic welfare
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I Consumer health awareness in food consumption

Writing for the United States Department of Agriculture’s Food Review, Frazao

and Cleveland state that

Public health efforts to increase consumer awareness of diet-disease relationships aim to make
consumers understand that what they eat may affect their health (p. 16).

Federal efforts in this regard include publication of Dietary Guidelines for Americans
and requirements that food packagers label products for their content of different
vitamins, minerals, protein, fat, and cholesterol; also, the popular press has publicized
medical research on the effects of food on various aspects of health. Surveys of
consumer attitudes toward food consumption suggest that this infofmation has affected

consumer behavior. Capps and Schmitz report:

In a recent Food Marketing Institute Survey, 93% of respondents indicated concerns about the
nutritional content of foods. Almost two-thirds of those surveyed in a U.S. Department of
Agriculture (USDA) study reported they had adjusted household diets in the previous three years for
health and nutrition reasons (p. 21, cited from Jones and Weimer).

If health awareness has indeed affected food consumption behavior, then food
producers and marketers will necessarily be interested in the magnitude and direction
of these impacts. Health concerns potentially affect both the price and quantity
demanded of various foods, and competitive producers must know the direction and
magnitude of these effects in order to adjust product lines and optimize levels of

production.



Frazao and Cleveland (F-C) report that changes in consumers’ diets, while having
changed their spending patterns on foods have not necessarily lowered their intakes of
fat. Based on analysis of the 1989 and 1990 Diet and Health Knowledge Survey
(DHKS) and the 1989 and 1990 Continuing Survey of Food Intake by Individuals
(CSFII), F-C report that "... meal planners aware of diet-disease relationships were not
more likely than others to meet the recommended intakes for fat, saturated fat, or

cholesterol (p. 18)." Their analysis finds that

. . . meal planners tended to underestimate the amount of fat and saturated fat in their diets, but
overestimate the amount of cholesterol. Whereas 41 percent of the meal planners thought the level
of fat in their diets was "about right," and 49 percent thought their diets were "about right" for
saturated fat, only 25 percent of the meal planners actually met the recommendations for fat and
saturated fat. Conversely, slightly more than half of the meal planners thought their diets were
"about right" for cholesterol, although nearly three-fourths met the recommendation for cholesterol

(p- 18).

These findings suggest that while consumers might seek to limit their fat and/or
cholesterol intake, it is their perceptions about the content of fat and cholesterol in the
foods they consume, and hence in their diets, that influences the outcome as reflected
in expenditure patterns on food. Putler and Frazao find that women with a higher
probability for diet-health awareness show no greater reduction in fat intake over -
others in USDA surveys of food consumption from 1985-1988. Their conclusion,
consistent with Frazao and Cleveland, is that "[Clonsumers may be having difficulties
making effective food substitutions in their diets, perhaps due to insufficient
knowledge about the relative fat content of different food groups (p. 18)." The model
proposed here postulates a process in which consumers make food choices, and hence

substitutions, based on relative prices as well as relative perceived content of fat,



cholesterol, and possibly other nutrients, effectively modeling the patterns observed in
previous studies of food consumption patterns.

Blaylock and Smallwood declare a need for nontraditional ways of incorporating
"subjective influences" into the analysis of food demand. In their own words:

The fact remains that people buy foods that contain substances: some good, some harmful if eaten in
excess. Economists have studied food choices for many years using classical demand theory as a
guide. This theory and its extensions basically postulate that food choices are determined by prices,
income, and the socio-economic characteristics of individuals. Clearly, other, more subjective
influences, such as knowledge and attitudes, are at work—but usually ignored. Society, in turn, will
bear enormous opportunity costs if we do not break the chains that bind us to traditional types of
analyses (Blaylock and Smallwood, p. 1).

The mode] proposed here addresses this concern by allowing food demands to be
affected by consumers’ perceptions of the level to which they should limit their intake
of selected nutrients and their perceptions of the composition of these nutrients in
food, and by allowing the measurement of these effects on food demand. Nonetheless,
the model remains solidly grounded on the theory of consumer behavior, and is shown
to have features consistent with the standard model.

In summary, this study seeks the specification of a model of food demand
behavior in the presence of consumer diet-health awareness'; a model which
specifically relates consumer food demands to the market price and income variables
as well as to measures of food composition (or perceptions thereof). The rest of this

chapter is dedicated to presenting the background for the study and introducing the

'"The term "diet-health awareness" as used throughout this study is borrowed from Frazao and
Cleveland. It is not attributed at every occurrence in the interest of brevity, but the above should be
borne in mind.



proposed model. In the following section, current research on food demand in the
presence of health concerns is first discussed. The need for an alternative approach is
pointed out in critical evaluation of the currently available models/approaches. The
proposed model is introduced in the subsequent section. In a final section, the content

of the rest of the dissertation by chapter is presented.

I.1 Current research on food demand with health concerns

Current research on health awareness in food consumption varies widely in
objectives and methods used. It is useful to organize this literature into broad
categories for our evaluation along the lines of Capps and Schmitz (C-S). One
category of studies includes those that examine the impact of social, economic, and
demographic indiéators on dietary quality. Since these studies do not yield models of
demand that are functions of food characteristics, the evaluation in C-S is not
expanded upon. A different category includes those studies that follow the production
function approach of Stigler and Becker and of Gorman-Lancaster (Gorman [1956]
1980, 1976; Lancaster). Included here are hedonic price models, since "hedonic price
functions" are derived from a particular form of household production function
(attributable to Gorman-Lancaster) in the consumer’s utility maximization problem.
The general version of the household production model is discussed at some length to

show that despite its analytical elegance, it is not applicable in the current context.



A final category includes those studies which seek evidence of "taste change" or
"structural change" in the demand for food. The premise of these studies is that
changes in the parameters of demand functions (systems) evidence changes in tastes
(possibly due to health-related factors). This literature is also evaluated, with
summary of previous criticisms (Alston and Chalfant 1991a, 1991b; Chalfant and
Alston; Eales and Unnevehr; Kirman; Stoker), and with additional observations about
"taste change" research. Finally, an alternative behavioral model is proposed that
permits demands to change due to changing perceptions about fat and cholesterol
content of foods as well as due to prices and income, while maintaining stable

preferences or "tastes."

L la The household production approach

Stigler and Becker (S-B) (see also Becker (1965, [1975] 1983)) propose a model
in which households combine goods purchased in the market with household labor,
human capital, and non-human capital to produce the "primary” commodities (such as
musical appreciation, euphoria, etc.) which are choice variables in the utility function.
Utility from "home-produced goods" is maximized subject to technological constraints,
and to the full income constraint. S-B demonstrate that this model can be used to
explain a wide variety of behavior previously considered to be characteristic of

changing tastes, while maintaining stable preferences. The model is widely



recognized (Deaton and Muellbauer 1980) for its usefulness in modeling consumer
(household) behavior when non-market goods are being consumed.

Discussion of applications of the household production model can be found in
Pollak and Wachter, Deaton and Muellbauer (1980), and Barnett (1977, 1981). The
treatment here follows that of Deaton and Muellbauer (1980). The household is
represented as maximizing a utility index U( ) the arguments of which are "primary"
choice commodities (in the notation of S-B and Bamett (1981)) Z, i € {1, 2, ..., r};
these commodities are produced using market goods, household labor, household
human and non-human capital, and given technology, so that total costs C(p, w, Z; k)
are less than or equal to full household income, where C( ) represents the minimum
cost, given technology, of producing the utility maximizing vector of "home -
produced” goods Z out of market goods x at prices p, the labor supply /, of household
members to household production at wages w, and a fixed vector of human and non-
human capital k. Deaton and Muellbauer (1980) suggest that the household’s problem
can be viewed as a two stage optimization in which the household first minimizes
short-run costs given Z and k, and then chooses the level of Z which maximizes utility
subject to the full household income constraint ¥; hence the system of (structural)
demands resulting from the model can be estimated "... using methods (such as
instrumental variables) to overcome simultaneity bias (p. 249)."

While this approach accounts for changing demands while retaining stable

preferences (Stigler and Becker), we find it inapplicable in the present context. The



main difficulty in applying this approach here is that fat and cholesterol cannot be
regarded as "primary" commodities of the consumer’s choice problem, and thus the
model does not give demands for food commodities such as beef, pork, and chicken as
functions of market prices, expenditures, and fat and cholesterol composition. Were
household behavior modeled with "health” as the primary commodity, market goods
other than help would necessarily be included in the problem, and again the model
would not give food demands as functions of food prices, expenditures, and the
components of food. Nonetheless, as Deaton and Muellbauer (1980) point out, the
model should give pause to the economist looking at data from food consumption

surveys and considering the argument that "tastes have changed.”

L 1b Evidence of taste change resulting from health awareness

As opposed to the approaches discussed above, which hold preferences stable,
there has been considerable research effort expended in seeking evidence of changes in
tastes resulting from health concerns (Capps and Schmitz, Chalfant and Alston, Eales
and Unnevehr). A selection of these studies is briefly reviewed below”.

Capps and Schmitz report rejection of the null hypothesis that cholesterol
information does not shift the intercept of per capita demands of the Rotterdam type.

Choi and Sosin model information as contributing to multiplicative "technical change"

’The next chapter presents a lengthier critique.



in the structure of preferences; they find evidence for a logistic evolution of the
parameters of the translog indirect utility function over the time period 1953-1984.
Eales and Unnevehr test for structural change in the per capita demand for meats using
an AIDS model and find that meat demands have shifted away from time consuming,
low quality meat products towards higher quality ones. They conclude that structural
change has been induced by a need for convenience in food preparation as the
percentage of women in the labor force has increased and question the validity of the
"taste change" argument.

Alston and Chalfant critically review the "taste change" literature and conclude
that there is not enough evidence in the data to support the hypothesis of structural
change, and that the results are extremely sensitive to the choice of functional form
which has no sound basis (Alston and Chalfant 1991a, 1991b). Based on non-
parametric tests seeking violations of the Weak Axiom of Revealed Preference,
WARP, and of Varian’s (1982, 1983) Generalized Axiom of Revealed Preference,
GARP (Chalfant and Alston), they conclude that relative prices and income alone
explain all of the variation in aggregate meat consumption data. Wohlgenant uses a
flexible functional form based on the Fourier series expansion in (relative) meat prices
to model beef demand and comes to the conclusion that aggregate beef consumption
data are completely explained by relative prices of meats and real personal

consumption expenditures.



An additional criticism, to those of Chalfant and Alston, of modeling health
concerns solely in terms of changing preferences is identified here: the logical
extension of the taste change argument is that, after the complete diffusion of
knowledge about the health effects of food consumption, food demands would no
longer be a function of the nutritional composition of food but merely of the standard
price and expenditure variables’. However, even without taste change, i.e. with
constant preferences, demands will always be influenced by the nutritional composition
of food if health concerns place nutrition related constraints on the food consumption

of individuals.

L.2 Modeling health concerns as auxiliary consumption constraints

Deaton and Muellbauer (1980) distinguish between constraints on consumption

and restrictions on preferences as follows:

One of our chief concerns in this book is to show how appropriate assumptions on preferences and
the constraints households face are required in different contexts ... to gain insights into particular
kinds of behavior, and to justify particular empirical approaches. ... The borderline between whether
restrictions are to be placed on preferences or on the constraints faced by the household is
sometimes a subtle one (p. 244).

They suggest that the simplicity of the "explanation" should count towards the
decision. The argument here is that the way in which consumers have altered their

food consumption patterns as a result of diet-health awareness is best reflected in a

’If, on the other hand, taste change is modeled as persistent over the long run, its effect on demands
may far outweigh that of prices and income.



model of consumer utility maximization subject to income and auxiliary constraints on
food consumption.

As was shown above, the problem with the household production approach is that
it is not easily applied in the current context. Further, if Frazao and Cleveland’s
findings are any indication, it would seem that consumers apply rather limited decision
rules in planning their diets given diet-health awareness. For example they may adopt
the dietary guideline to consume less than 300 mg of cholesterol a day from all foods,
and less than 65g of fat per day. Thus augmenting the standard version of the
consumer model with constraints to represent these decision rules will be the most
fruitful strategy for modeling consumer food demand behavior in the presence of
health concerns. This augmented model still permits incorporating other types of
heterogeneity by the introduction of demographic and other factors (either in the utility
function or as constraints).

The model postulated is as follows: each household/consumer maximizes a utility
function subject to a budget constraint and auxiliary constraints which bind the
consumer’s intake of (saturated and/or total) fat and/or cholesterol to a maximum level
attained by linear combinations of the foods they consume. The model is easily
extended to constraints on the consumption of sodium and other components of foods.
Further, the weights given different foods and the constraint bounds are based on
individual information/ perceptions rather than on universally true quantities. This

aspect distinguishes the model proposed here from "rationing" models, and the

10



distinction is elaborated upon in the next chapter. In the context of the proposed
model, it is entirely possible for health information to leave consumer indifference
maps unaltered and to influence the demands for different foods just as do relative
prices and income.

The following chapters are devoted to presenting the proposed model, to
examining the structure of this model and comparing it to the standard model, and to
deriving the market demands when some consumers are quantity constrained by their
health concerns while others are not. The implementation of the model and its
implications for data collection are also discussed. Since the data necessary to
implement the proposed model are not available, the contribution of this dissertation is
mainly to extend the theory of consumer behavior, and to argue for the collection of

data which would allow estimation and testing of the theory.

.3 Organization of the study

The rest of the dissertation is organized as follows: specific studies representing
the "taste change" approach presented above are critically evaluated in the first part of
Chapter II. The discussion aims to give a detailed account of the theoretical and
econometric issues raised by these studies. The proposed model is presented formally
in the final section of the chapter, where it is compared to the literature on rationing.
Chapter III examines the structure of the proposed model, comparing it to the standard
model of the utility maximizing consumer. This chapter establishes that consumer

11



food demands in light of health concerns can be analyzed using the conventional
model of the consumer with auxiliary constraints, without resorting to "taste change"
arguments. Chapter IV presents the derivation of market demands implied by the
proposed model, and demonstrates the implementation of the current model. Data
needs for its implementation are discussed. A strong implication of the proposed
model is that aggregation over individuals must be éonstmcted first over groups and

then as the sum of the group-wise aggregated demands. The final chapter presents

some concluding remarks.
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II Alternatives for modeling food demands in the
presence of diet-health awareness

In this chapter, "taste change" models are evaluated in some detail and the
proposed model is formally presented. In the first section, models of "taste change" in
light of health concerns are discussed in detail. Some theoretical and empirical
problems of these models are presented. The reader familiar with this literature should
skip ahead to the following section where the proposed model, which avoids many of
these problems, is formally presented. This later section also draws a distinction

between the proposed model and "rationihg" models.

IL. 1 Models of ''taste change''

In this section, a selection of studies which follow the "taste change" approach to
analyzing the effect of health concerns on food demand are reviewed. Also, results
which refute the hypothesis of "taste change" are discussed, and previous criticism of
the approach is presented. It should be pointed out at the outset that in many studies
which fall into this category, the author(s) tests for structural change but does not
specifically test whether the structural change is fully explained by health concerns.

The implication appears to be that any change in preferences away from beef must be

13



seen as being caused by awareness of a cholesterol-disease relationship. Some authors
have identified other possible causes for changes in tastes; see, for example, Eales and
Unnevehr reviewed below.

Capps and Schmitz (C-S) test whether meat demands are modified by cholesterol
awareness. They use the "cholesterol awareness index" of Brown and Schrader along
with aggregate quantity data for 1966-1988 from Food Consumption, Prices, and
Expenditures and price data from Livestock and Poultry Outlook; demands are
specified according as the Rotterdam model. The demand for each of beef, pork,
poultry, and fish are specified as being affected, through the intercept, by cholesterol
awareness. The null hypothesis is that there is no structural change; the alternate
being that cholesterol exogenously shifts demand schedules for these four meat
aggregates. The restrictions of homogeneity, symmetry, and adding up are imposed;
weak separability of the meats group from all other goods in the consumers choice set
is implicitly assumed. One of the equations in the system is dropped and the iterative
Zellner procedure is used to estimate the parameters (Capps and Schmitz). C-S find
that the cholesterol information index lagged a half-year is significant in the equations
for pork, poultry, and fish, concluding that there does exist evidence for structural
change in the demand for beef.

Having thus found "evidence of structural change,” C-S do not test whether all
structural change is explained by the cholesterol information index. It is thus possible

that the cholesterol information index is found significant simply because it is

14



correlated with other, possibly more important, factors such as demographic change,
for example. Also, criticism of the use of per capita data and the implied

"representative agent" model by Kirman and Stoker applies here. For example,

Taken at face value, representative agent models have the same value as traditional, ad hoc
macroeconomic equations; namely they provide only statistical descriptions of aggregate data
patterns, albeit descriptions that are straightjacketed by the capricious enforcement of restrictions of
optimizing behavior by a single individual (Stoker, p. 1829).

Stoker goes on to argue that

... it is entirely possible for there to exist substantial heterogeneity in individual responses together
with a simple, possibly linear relationship between the associated aggregates. While this setting
immediately raises doubts as to the interpretation of the aggregate relationship, one could ask
whether the aggregate equation could serve as a good tool for prediction. This amounts to
renouncing any possible behavioral interpretation of such an equation, and justifying such aggregate
equations through the need for parsimony in a larger modeling context (pp. 1857-1858).

(Emphasis added.)

Thus a simple aggregate equation may be an adequate statistical description of
the data, but cannot be given any behavioral interpretation. This implies, in turn, that
estimating a Rotterdam model with per capita data does not permit the inference of
changes in consumer preferences. This is also the conclusion to be drawn from
Barnett (1979, 1981) who proves that where the Rotterdam system of demand
equations is integrable to a community utility function, that utility function is Cobb-
Douglas, which is too restrictive; where it is not integrable, it can be regarded as a
statistical approximation ". . . designed to forecast value share equations (Barnett,
1981, p. 316)."

Even if one did find evidence for changing consumer preferences, however, it is

the logical extension of this argument that, as information about the health effects of

15



various foods becomes universally available, the corresponding "preference shifts" will
eventually cease. Thus, if cholesterol awareness completely explains changing
preferences, the effect of this information should eventually be fully reflected in prices
and income, and therefore demands should be explained again by relative prices and
income alone. Further, since preferences are fixed within time periods, cross-sectional
demand analyses will not identify the effect of food composition on demands.
Choi and Sosin estimate a system of demands for red meat, poultry, and other

foods presuming structural change similar to Solow’s "disembodied technical change."

The consumer’s problem at time ¢ is transformed from

max U(X,

(X} )
(L. 1a)

st pX =Y,
to

max U(z,)

Z
(L 1b) ‘

st &,z,= 7Y,

where @, = p, / aft) and z;, = aft)x,. The z;s represent the information augmented
quantities consumed of the respective X;s. Ch-S specify a translog indirect utility
function and consumption of information augmented meats, z; = a,(t)x;, where i €
{beef, poultry, other foods}. Roy’s identity is then applied to derive the expenditure

share equations
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e+ Y lloglp;Tm”))
J
(L 2) § ¢t Y cylloglp/Tm*))
k j

V 1 € F & {red meat, poulty, other foods}

where
e; = e+ X cjlog(b0)
J

and the system (II. 2) is estimated for step and logistic evolutions of the b{t)s. Each
system is then tested for the null hypothesis that there is no structural change.
Aggregate (per capita) time-series data were used for the years 1953-1984 from Food
.Consumption, Prices, and Expenditure and U.S. Food Consumption Sources of Data
and Trends.

Ch-S find the null hypothesis of no structural change rejected, and further that the
smooth logistic evolution in the parameters for beef only and for beef as well as for
poultry fares best in terms of the percentage of observations violating monotonicity or
quasi-convexity and also in terms of the likelihood ratio test of the model with
multiplicative structural change against the model without. They conclude that over
the period from 1975-1985 there was a smooth evolution of preferences away from
beef and towards poultry and other foods. While Choi and Sosin point to evidence for
structural change in the demand for beef and poultry, they do not specify a model

which allows them to test for the cause of the change. Further, the implicit

17



assumption in using aggregate data (per capita) is that market commodities are
augmented by information at the same rate for every consumer, or that the aggregate
data behave as though there existed a "representative consumer” whose behavior
corresponds to that of the per capita aggregates. The former assumption is unrealistic
and the problems of the latter assumption are discussed in detail by Kirman. Finally,
the functional form specified gives an approximation for individual preferences, and is
not appropriate for use with per capita data. (See Lewbel (1987) for a discussion of
the translog model in individual form and the (approximate) aggregations over
individuals. Stoker and Lewbel 1988, 1989 present a similar discussion of the
individual and aggregate versions of demand equations generated by an AIDS
specification.)

Eales and Unnevehr (E-U) use the AIDS model for aggregate data to first test for
the separability of meat demands and then test structural change across separable meat
groups. Aggregate data used are variously from Food Consumption, Prices, and
Expenditures, Livestock Slaughter, and Poultry Slaughter for the years 1965-1985.
Tests for weak separability are based on the result that "... the off-diagonal term in the
Slutsky substitution matrix is proportional to the income derivatives of the two
separable goods." The tested hypotheses are derived, as restrictions on the coefficients

of the appropriately specified AIDS model, from the main hypothesis that

S, S,
(1L 3) LSS
0X/dY 3X/oY

18



for all i, j in each weakly separable group and k outside the separable group. From

their tests for separability they conclude that

Tests for weak separability among meat products . . . suggest that tests for structural change in the
aggregate meats may be biased. ... Two types of significant shifts in meat demand were identified
in meat products: an exogenous constant annual 6.4% growth in demand for chicken parts/processed
from 1965 to 1985 and a 3.5% decline in demand for beef table cuts after 1974. . . . Increased
demand for convenience is a plausible explanation for the growth in chicken parts demand because
the value of time for the principal meal preparer has increased during the last twenty-five years (pp.
530-531).

Eales and Unnevehr argue that the change in structure is not due to a cholesterol
"scare" but rather due to an increased demand for convenience in preparation resulting,
in turn, from the increased participation of women in the laborforce. This article
represents a thorough effort to specify a demand system consistent with aggregating
individual behavior and testing for structural change within the context of such a
model. However, as argued previously, consumer preferences, and demands, should
become stable as households stabilize their working patterns. Also, E-U suggest that
"[I]n contrast to separability, the concept‘ of structural change does not have a strong
theoretical foundation. Evidence of change in parameters may not indicate an actual
change in preferences but simply a misspecification of the model (p. 524)." This latter
conclusion also applies to (parametric) separability results since the hypothesis in
equation (II. 3) must be tested in the context of some specified functional form (in this
case that of the AIDS model). Finally, the specification of structural change chosen
simply postulates a one-time shift in demands; E-U argue that the way in which the

19



shift is modeled is suggestive of the causes, but this explanation is ad hoc.
Accordingly, they find evidence for a one-time shift in preferences away from beef
table cuts and towards chicken parts.

Chalfant and Alston* conduct non-parametric tests to examine whether changes in
the demand for meat cannot actually be explained by relative prices and income alone,
and come to the unfashionable conclusion that there is no evidence for a change of
preferences in the per capita data from the mid-sixties through early eighties for both
Australia and the U.S. They conduct nonparametric tests of the axioms of revealed
preference looking for preference reversals over food consumption bundles for the

period of their study. The weak axiom of revealed preferences (WARP) states that

(L 4) PiX; 2 pX;= X, R X, and X, ~R X, for i + j

Letting ®; = p,X;, Chalfant and Alston look for violations of the weak axiom of
revealed preference by looking for situations such that ®; > @; and ®; > @;. Further,

the strong axiom of revealed preference (SARP, transitivity of preferences) states that

(II. 5) X,RX and X,R X, » X, R X, and X, ~R X, for i # j

“See also Alston and Chalfant 1991a, 1991b. The earlier study especially includes an extensive
critique of the "taste change" literature which calls into question the conclusion of changing preferences.
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which is violated if, for some X, X, and X,, ®; > ®;, ®; > ®,, and @, > D,
Varian’s (1985) procedure for testing for violations of SARP within confidence limits
is used.

Finding no violations of either WARP or SARP using the data above, they
conclude that in fact preferences have been stable over time; what they should
conclude is that there exists a utility function consistent with the data and which
exhibits stable preferences, which is not the same as their conclusion. Afriat’s
theorem (Varian 1982, 1983) states that the data satisfy "cyclical consistency" if and
only if "there exists a nonsatiated utility function that rationalizes the data (Varian
1982, p. 946)." Varian (1982) shows that if the data satisfy SARP, they satisfy
cyclical consistency. Thus, if the data satisfy SARP, there exists a nonsatiated utility
function which is consistent with the data, but this criterion does not test whether the
data are, in fact, generated by such a utility function. This is, of course, generally true
of all nonparametric "tests."

Chalfant and Alston acknowledge the problems of aggregating across consumers,
but suggest that since they do not find preference reversals over the period, the
aggregate data could be consistent with theory. Finally, they suggest that studies
which test for structural change in the data in the context of models that impose a
functional form on consumer preferences—the parametric versus the nonparametric

approach—may find evidence for structural change due to "... inappropriate
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aggregation of individual data, the exclusion of relevant variables such as the
opportunity cost of time, or some other specification error (p. 392)."

Wohlgenant specifies a Fourier flexible functional form to model the demand for
beef. Based on goodness of fit tests, Wohlgenant finds that the relative prices of
competing meats explain all of the variation in aggregate beef consumption data. The
Fourier flexible functional form is found to have "higher explanatory power" than a
log-log form with some interaction terms included. The high R? value for the
estimated Fourier flexible form is interpreted as evidence in favor of the hypothesis
that beef consumption data are fully explained by income and the relative prices of
beef and competing meats. The null hypothesis that the sinusoidal terms in the
Fourier flexible specification are jointly insignificant is rejected. Also, the quadratic
specification with parameter structlural change modeled by a dummy variable (D=1 if
year is 1973 or later) is rejected in favor of the Fourier flexible form ". . . using the J-
test for nonnested regression models (p. 326)." This study points to the conclusions
that the beef consumption data may be generated by consumers with stable
preferences, beef consumption being determined by the relative prices of beef,
competing meats, and income. High value of the adjusted R’ is not evidence in favor
of the model, as McGuirk and Driscoll have shown.

In the survey above, the following problems were identified with the "taste
change" approach: First, tests of taste change assume the functional form chosen is

correct. When it is not, "evidence" for taste change may simply be an artifact of a
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misspecified model. In instances (Chalfant and Alston; Wohlgenant) where
nonparametric or semi(non)parametric methods were used, the hypothesis of stable
preferences was not rejected. Further, the models specified in investigating the data
for structural change often do not allow the finding of taste change to be identified as
being due to health concerns; even in the case of Capps and Schmitz who find
evidence for taste change due to cholesterol information, they do not test whether this
indicator completely explains preference shifts. Note that the chosen indicator of
cholesterol awareness, based as it is on articles published in medical journals does not
actually specify how this information is related to household/individual decisions
regarding food consumption. Further, "taste change" models should account for
demographic changes in the population which might cause the hypothesis of stable
preferences to be rejected when using aggregate data even though individual household
pre»ferences remain stable. Finally, any "preference shifts" caused by health concerns
would eventually become reflected in relative prices and expenditures and hence the
implication of the approach is that health and nutrition indicators should not be
arguments in the demands for food commodities, except as one-time shifters of
demand or during the period of adjustment. This dissertation seeks a model in which
some consumers’ demands will always be affected by the composition of food, and

which reflects differences across individual consumers.
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II. 2 Health concerns as auxiliary constraints

In this section, the proposed model is first discussed in detail and then formally
presented. It is then compared with "rationing" models which are similar in structure;
it will be argued that there are important differences in the two specifications which
leave the rationing literature wanting in the current context. The discussion will show
that, while the rationing literature anticipates the approach suggested in this
dissertation, it does not give demand (share) equations as functions of prices, outlay,
(perceived) proportions of fat, cholesterol, and other food components, and limits on
the consumption of these components. Thus this study seeks to contribute to the
literature on applied consumer theory, and provides a sound basis for collecting data

necessary to study the food demands of health-conscious consumers.

II. 2a Consumer demand with health-related constraints

If health concerns are specified as imposing additional constraints on food
consumption, consumers’ demands for foods in the presence of health concerns can be
modeled without many of the problems identified above. In this section, the main
features of this approach vis a vis the taste change approach are discussed. The model
is then formally defined.

It was pointed out in the introduction that if health concerns do impact food

demands then food producers would like to know the magnitude and direction of these
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impacts in order to adjust their product mix and output levels. Demands which are a
function of the composition of food would provide the necessary information. A
model which yields such demands also could meet the challenge posed by Blaylock
and Smallwood. In many of the taste change models, food demands are tested for
structural change but the models do not prbvide information on the behavior of
demands with respect to health indicators or nutritional factors. Further, as was
argued previously, the logical extension of the taste change argument is that after
preferences have been fully modified with respect to the new information, food
demands will not be affected by food composition, only relative prices and outlay.
The alternative approach proposed here gives the derivation of food demands as
functions of prices and income as well as proportions of components, such as fat and
cholesterol for example, in foods along with bounds on the consumption of the
components, fat and cholesterol in the example. Further, these are permanent features
of the demand system since, for individuals who are effectively constrained, demands
for food commodities will always be a function of health and nutrition factors.

An implicit assumption of the proposed model is, further, that consumer
preferences are not necessarily affected by health concerns but rather that health
concerns affect the quantities consumed of different goods (similarly as does the
budget constraint). For instance, one may like to eat bacon and eggs for breakfast but
realize that bacon and eggs contain large amounts of fat and cholesterol. Thus, a

steady diet of bacon and eggs is avoided in following guidelines for consuming low

25



quantities of cholesterol and fat or saturated fat. This is the direct implication of
expressing health concerns as constraints on the consumption of fat or cholesterol, or
sodium in the consumer’s utility maximization problem. It is the maintained
hypothesis of this study that preferences are stable and well-behaved, avoiding
questions of how tastes come about and how they are modified which are better left to
psychologists, sociologists or somebody else (Silberberg; Stigler and Becker). It
should be pointed out that this assumption, standard in the economics literature and
supported by studies such as those of Chalfant and Alston, allows the specification of
flexible forms which approximate the utility function and its derivatives. The
demands under the alternate model below can then be derived based on the specified
form of the direct or indirect utility function or the expenditure function, as can
hypotheses for testing the structure of consumer demands. Further, the proposed
model allows the specification of changing preferences and of demographically
induced differences in tastes, retaining all of the flexibility of the standard model.

The proposed model is formally stated below, using the problem of utility
maximization from meat consumption, assuming that the meats group is weakly
separable from other foods. While this example is used here and in the discussion in
Chapter IV to facilitate exposition, it should be noted that the proposed model applies
to studying demands for all foods. The model can also be applied in other context

where the consumption of some component of purchased commodities (commodity) is
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restricted without altering preferences. In said example, the proposed model of the

health-conscious consumer’s behavior in meat consumption is:

max UM = UMXM)
{X™)

(1. 6) st pM.-xM- yM

M. XM - M
i.e. the consumer maximizes her or his utility from meats, represented by a stable,
well-behaved utility function, subject to outlay for meats and auxiliary constraints
which place limits on the consumption of fat and cholesterol from meats. It is
assumed that the content of fat and cholesterol in meats are in fixed proportions, and

that these proportions vary over time. Meat demands derived from this model are of

the form

ar7 - XM= XM(p, Y, ¥ FM)

The utility function allows for variations in preferences across households due to
demographic and other differences (Gorman 1976; Pollak and Wales 1981, 1992;
Lewbel 1985). Further, by appropriate choice of utility function form, the hypothesis
that consumer demands for meats are not affected by the fat and cholesterol content of
meats can be tested through restrictions on the parameters of the estimated demand
system, which is familiar econometric practice.

The model is developed further in the next chapter, and some of the standard

results from consumer theory such as Roy’s Identity and the Slutsky equation are
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shown to derive from this "augmented" problem equivalently to the standard model.
Empirical issues involved in implementing the model are discussed in the subsequent
chapter along with an example of deriving individual demand (share) equations. This

chapter is concluded with a discussion of rationing models.

1. 2b Consumer theory with "rationing"

To the extent that both approaches impose additional quantity restrictions on the
consumer, the proposed model and rationing models are similar in structure. However,
the two specifications differ in that rationing is an institutional constraint, while the
additional constraints introduced in the proposed model arise from a particular
specification of individual behavior. Thus, in the rationing model component
proportions f and the constraints F are usually all determined by a legislative or an
administrative order and are held fixed (or may be allowed to vary, for example, in
fixed proportion to household income); and while the consumer’s demands can be
derived as functions of (p,Y.f,F), they cannot be estimated as such due to the lack of
variation in (f,F). In this model, the component proportions and constraints are based
on individual perceptions, and thus vary over time for the same individual as
perceptions change (due to education and media exposure), and vary across households

as well.
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The original comparative statics result on household demands with rationing
constraints, the Le Chatelier result, was derived by Samuelson (1947) and elaborated
upon by Tobin and Houthakker. Studies by Graaff and, later, by Neary and Roberts
have sought to extend the model by relating the rationed and unrationed demands
through the expenditure, or cost, function. Neary and Roberts demonstrate that
restricted and unrestricted demands can be related through "virtual prices"—the prices
at which the freely chosen levels of consumption will be identical to those chosen
when the ration is imposed—and by the fact that the unrestricted and restricted
minimum costs will be equal when the price of the rationed good equals the virtual
price.

Deaton (1981) and Deaton and Muellbauer (D-M, 1981) have extended the
analysis of Neary and Roberts into areas where households face restrictions on their
consumption of individual goods, i.e. "strict rationing,” and where there may be some
variation in the ration across households, thus allowing the estimation of these models.
Deaton and Muellbauer give functional forms for estimating consumer demands with
"involuntary" unemployment, while Deaton estimates a model of household
commodity demands where the consumption of the non-durable good, housing, is
treated as "strictly” rationed. However, this ". . . method of generating rationed from
unrationed demands (Deaton 1981, p. 71)" severely limits the generality of the
functional forms chosen. Deaton (1981) suggests that ". . . analysis of rationed

behavior can proceed from the specification of a suitable function" for the restricted
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cost function. He gives the example of a "rationed AIDS (or RAIDS)" model and the
expenditure share equations with a single ration on housing consumption.

Jackson seeks to extend the method of Neary and Robert to "points
rationing"—where the sum of goods consumptions weighted by their "points prices"
must equate to a "points ration"—and also to more general functional constraints, but

suggests that

The application of rationing theory to specific preferences is hampered by algebraic intractability. . .
. A partial remedy is to reverse the usual practice, defining preferences immediately in a rationed
version, without corresponding unrationed functions (Deaton, 1981). Unless this simplifying
procedure is adopted, there is little prospect of using rationing theory in empirical work (pp.
338-339).

Thus, Jackson surrenders to "algebraic intractability," failing to provide empirically
testable models for "points rationing," which might have served the purpose of the
current study. In this study, demand share equations are derived as functions of
prices, expenditures, and exogenous factors related to food composition, as also are
hypotheses which allow the testing of the standard theory as restrictions on the
parameters of the extended model.

While the literature on rationing theory anticipates this study, it does not provide
the results, as this study does, which allow the analysis of consumer food demands
with the health concerns identified in the introductory chapter. The current study
further differs from the literature reviewed above in focussing on household level
decisions, and by deriving the demand share equations by specifying an indirect utility

function rather than an expenditure or cost function. Finally, since in most cases
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consumers who account for the components of foods in planning their diets will
always do so, this study does not explore the relationship between rationed and

unrationed demands, nor does it suffer for this omission.
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III Consumer demands with health-related constraints

This study proposes a model of consumers who each maximize utility from food
consumption subject to budget and additional constraints on the consumption of
various components of foods. Individuals are postulated to differ in whether or not
they enforce constraints on their consumption of, for example, fat and of cholesterol,
and in their perceptions of the content of fat and cholesterol in various foods. Thus
aggregate demands must be computed by adding the demands of heterogenous
consumer groups, and the demands of consumers within each group must also be
estimated separately since they will have different forms depending on the effective
constraints upon the consumer. Further, for those consumers who are effectively
constrained in the cdnsumption of fat for example, the limit of fat consumption and
the proportions of fat (or their perceptions) in various food commodities will always
be arguments in their food demands. In effect, the number of constraints enforced
determines the arguments in the consumer’s demand functions. Thus, consumers who
face different constraints have demand functions with different sets of arguments.
This rules out aggregate demands as functions of a single set of arguments.

In this chapter, the individual consumer demands are derived for the augmented

model proposed. It will be shown that the constraint coefficients and bounds will be
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arguments of the consumer’s demand functions. Standard comparative statics results
from consumer theory are derived. The dual structure of the model is examined. It is
shown that weak separability of the food group allows the problem analyzed to be
restricted to maximization of utility from consumption of food commodities subject to
the optimal allocation of expenditures on foods. Finally, the model is compared to the
mathematical programming version of an optimization problem with mixed constraints,

and an important distinction is drawn.

IIL. 1 Consumer theory

The standard version of the problem of the consumer is to choose a consumption

bundle so as to

max {UX)|pX=Y and X € R”
(ILL 1) ma { | }

Note that the budget constraint is binding (expenditures on all goods add up to total
disposable income) if the consumer’s behavior exhibits local nonsatiation, i.e. U(X) >

O for at least one i. The above can be expressed using the Lagrangian function as

max & = U(X) + p(Y-p-X)
(IIL. 2) (x)

The first order (necessary) conditions for this problem to have a solution are
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E)

(III. 3a) an=0=>U,—upi=0 Vie{l,2,..,n}
(ITL. 3b) 2 _o-px-Y
ou

while the necessary second order conditions are met if the utility function satisfies the
regularity conditions of single valuedness, quasi-concavity, twice continuous
differentiability, and monotonicity. The first order conditions in (II1.3) can be solved
for the Marshallian (ordinary) demands X(p,Y) and the Lagrange multiplier g(p,Y).
Note that the ordinary demands must-satisfy the budget constraint given prices
and income, and that since an equiproportionate change in p and Y does not affect the
budget constraint (see (/1. 1)), the solution must remain unaltered for such changes.
Thus X(p,Y) and u(p,Y) must be homogeneous of degree zero in prices and income.
The model proposed augments the standard problem with additional constraints.
It is maintained that adding constraints on the consumption of cholesterol and fat by
consumers is the theoretically and empirically preferred way of modeling the effect of
health concerns of individuals or households on food demands. It is also maintained
that health concerns relate to specific components of food and are implemented as

binding (or effective) implicit constraints on the consumption of that particular
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component of food. In the following section, the structure of the model with added

constraints is demonstrated.

III. 2 Utility maximization with auxiliary constraints

Consider the addition of a single additional binding constraint to the standard
consumer demand problem’: this constraint might represent the upper bound on the
amount of (saturated) fat the consumer’s diet allows or the amount of cholesterol s/he
is constrained to consume. The consumer’s problem is now to choose the

consumption bundle to

(IIL. 4) {IXII‘EJ}( {UX) |pX=Yand fX=Fand X € R"}

(Note that X is a column n-vector and p and f are row n-vectors.) This is the
consumer’s problem in standard form augmented by a constraint on the consumption
of some characteristic F, where the elements of the row-vector f are the proportions of
that characteristic in the various goods consumed. In the context of this model, the
vector f varies across consumers when a) consumers have different perceptions about
the fat content of foods, or b) goods like hamburger are treated as homogeneous

regardless of fat content, or ¢) consumers’ perceptions change over time. Of course,

*Non-binding constraints are considered below.
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when goods like "beef” are in fact aggregated goods, the associated f; will also differ
across consumers.

The Lagrangian version of the problem (III. 4) is

(IIL. 5) {n?}i $=UX)+Y-p-X)+ AMF-X)

while the first order conditions are

oL _ _ :
(III. 6a) a_XJ =0=U-w,- M‘j'. =0 for all je{l1,2,...n}
(IL. 6b) 2 e px=Y¥
o
oY
. 6 o~ fX=F
( C) )

The system of equations (II1.6) includes n+1+1 equations in n+2 unknowns
(X,u, A) with the parameters of the system being (p,Y,f,F). Provided that this system of
equations is independent, one can solve for the unknowns (X,u, 4) in terms of the
parameters (p,Y.f,F); thus the solution to the above system of first order conditions is

X(p,Yf,F), up.Yf.,F), A(p,Yf,F). Again, since the constraints (and hence the problem)
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are invariant to multiplication of either (p,Y) or (f,F) by any factor, X(p,Y.f,F),
up, YL F), A(p,Yf,F) must be homogeneous of degree O in (p,Y) and in (f,F).

This model yields demands that are functions of the perceived fat content of
foods consumed and the constraint on fat consumption, as well as of prices and
expenditures. In general, all demands X; will be functions of (p,Y,f,F) regardless of
whether or not X; contains fat. For some separable structures, some demands may be
independent of (f,F).

Additional constraints modify the model in a straightforward way. Let the system

of m auxiliary constraints be written as

(IIL. 7) f-X=F,V ke (12,..,m)

where f, is the k" row of a matrix which represents the perceived proportions of
characteristics (such as fat and cholesterol) of foods in the vector X and F, is the k"
element of a (column) vector which gives the totals of each characteristic for all foods
in the bundle X.

The Lagrangian version of this problem is

(I11. 8) max & = U(X)+p(Y—p‘X)+Z A'k(Fk—fi,'X)
(X} s

with the resulting system of first order conditions
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oL _
(. 9a) EY;. =0 U -, - ZA =0 V ke{l1,2,..n}
(. 9b) 2o px-¥
. Op
(I 9c) ;fk 0=Y£,X = F, Vke {12,.m)
Fl

This is a system of n+/+m equations in the unknowns (X, U Am) With
parameters (P ., Y ;xS Fmxi)s its solution is given by X(p,Y.f.F), u(p,.Y.f.F),
A(p,Yf,F). Again, since X must satisfy all of the constraints which in this case are

linear, the X are homogenous of degree O in (p,Y) and in (f,,F,) for all k in {1,2,..m].

III. 3 Comparative statics of the proposed model

This section is devoted to establishing some of the familiar comparative statics
results from consumer theory which provide useful restrictions in empirical analysis.

The Slutsky equation, symmetry, and the "law of demand" for compensated price
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responses are derived. The Le Chatelier result is also proved. The dual structure of

the model, indirect utility and cost functions, is demonstrated.

III. 3a The Slutsky equation and symmetry

Taking the total derivatives of the first order conditions (II1.9), we get

(III. 10a) E Udx, - dup, - Zd)‘kfld = uldp, + prldfki
Fl k1 k=1
(III. 10b) lel.Xm. =dy - Z;X!dpf
= F
(III.  10c¢) Z;flddxj = dF, - Z;XJMJ
~ F

The system of equations (ZI1.10) can be written in partitioned matrix form, letting

H = PU/dX oX', as
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[ dx ] pdp’ + Z A'kdt;
. =
H: p: fFf
...... _d},l dY— X/dpl
(I111. 10’) pi0 :0 =
...... e | - dAT
- X'df
f 0 0] :
- dA™]
- X'df,

where k is again the row index. This system can now be solved for the dX, and dy
terms. For example, applying Cramer’s rule for the solution of systems of linear

equations,

dx, - 1
-8

E[udpj + Y k"dﬁ(j]Bji + dY-X'dp)B,,,;
(I 11) #1 k1 ’

m

w1
where any By; is the i cofactor of the "bordered Hessian" matrix B. The response of
demand for good X; with respect to a change in price p; can now be derived as dX;/dp;,

which from (III. 11) is

n+1,i

0X, pB;-XB

III. 12
(IIL. 12) > =
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Also

(ITL. 13) OXi _ By
¥ B

0X, AB; - X,B
of,; B

n+1+ki

(I1II. 14)

oX, B

Im. 15
( ) oF,

ki oy ke {1,2,...,m)
B

If we call the first term on the right hand side of (III. 12) s;, the "compensated” price

jja

response, we have

(I 16) s, = pt

and s; < O since the "marginal utility of income™ is always positive, since the signing
term on the co-factor of a diagonal element is positive, and since B is negative semi-
definite. This is the "law of demand" (Deaton and Muellbauer 1980, p. 45). Further,
since B is symmetric, s; = s;. Finally, from (IIl. 12), (IIl. 13), and (Ill. 16) we can

write the "compensated price response” as
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oX. X
(IL. 17) s, = 0, x %
y p; 7 3Y

which is the Slutsky equation. Note that the above derivations constitute proof of
some fundamental propositions of consumer theory—the "law of demand," symmetry,
and the Slutsky equation—without resort to duality. In later (sub-)sections, the above
are derived from a "dual" representation of preferences in the form of an indirect
utility function and an expenditure function, but first an important consequence of
adding constraints to the consumer’s utility maximization problem is discussed, and

proven.

1. 3b The Le Chatelier principle

Samuelson ([1947] 1983) states the Le Chatelier principle as follows:

if in a given position of equilibrium a (compensated) change in price is made, the resulting change
in amount demanded of that good will be greater if the individual is not subjected to the extra
constraints of rationing than if he is subjected to such constraints; furthermore, the introduction of
each new constraint will make demand more inelastic (pp. 168-169).

In the context of the proposed model, consider the addition of a constraint (such as on
saturated fat consumption) whose bound is large enough to just admit the optimal
(without the added constraint) bundle. The Le Chatelier principle implies that the
compensated own-price responses will be smaller in size (more inelastic) with the

added constraint than without it. This result is proved here for composite constraints
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of the form proposed. (Samuelson ([1947] 1983, pp. 100-3) demonstrates the method,
which is adapted here.)

In the interests of generality, let the consumer originally face m constraints, so
that with the added one, sthe faces {m+17) constraints. Let the added constraint,

imposed at X°, be of the form

(I1I. 18) fl'X°=F

m+ m+1

where f,,,, is a row n-vector. Further, let us assume that the bound F,,,, is such that
the constraint is just binding, i.e. the chosen optimal consumption vector X’ without
the added constraint satisfies it with equality. Now, let the compensated own-price
responses for the augmented system be denoted ™*'s;,, while the compensated price

response without the added constraint in (ZII. 18) is denoted "s;. We have

s m*lB - mg
(IH. 19) _ ul m+lB i lman+m+1,n+m+l Bil
mlB m+1 e Lneme

nrlBlmlB

m+1 m+1 _ mlypml
B ii Bn+m+ 1,n+m+1 B Bn+ 1+m,n+1+m-ii J

n+m+1,n+m+1

We can apply the following theorem of Jacobi (Samuelson, 1960)

(IIL 20) AAy =00, 8,0,
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where A is the determinant of a matrix and A, is the ji™ co-factor of the ii" co-factor

of the matrix. Equation (III. 19) can then be written as

m+l _ m
m+1 m+l _ m+l m+1 m+1 1
— P«l Bu Bn+m+1,n+m+1 Bii Bn+m+1,n+m+1 + Bn*m+1,i Bi,n+m+1
(I1L. 21) migm iR
n+m+1n+m+1
mt 2
— ”1 ( Bn+m+1,i)
mlp ml
B Bn+m*l,n+m+l

since the "bordered Hessian" matrix B is symmetric. Since the second-order condition

for utility maximization with a total of r constraints is (Silberberg, p. 177)

(IIL. 22) Sign(B,) = (-1)™" where m = 1421, ..., +r

the sign of the two terms in the denominator of (III. 21) is identical ( = (-1)" ), and its
sign must be positive. Further, since ¢’ > 0 and since the numerator is always

positive, we get the general result

(IIL. 23) mg. < Mg < . < 0%.<0

2 /4

This is the result stated by the Le Chatelier principle (Samuelson [1947] 1983).
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Il 3c The indirect utility function and the expenditure function

The usefulness of the indirect utility function and of Roy’s identity are pointed
out by Pollak and Wales (1992): "... functional form specification for a demand system
usually begins with the assumption about the form of the indirect utility function and
uses Roy’s identity to derive the ordinary demand functions (p. 10)." In this section,
the indirect utility function and Roy’s identity for the proposed model are derived.

The indirect utility function can be derived by substituting the ordinary demand

functions into the utility function to get the envelope of the utility function. Thus,

(1L 24) V(B Y,£F) = UX(p,Y,£F))

The expenditure function is defined as the inverse of the indirect utility function at any

level of utility, or

(IIL 25) Vipe(pU’LF),F) = U°

and by Shephard’s Lemma, compensated demands, s;, are given by

- (U’ LF)

(I1I. 26)
p;

K

and since the expenditure function is concave (Varian 1984, p. 123) s; < 0 (the law of

demand). Also, Young’s Theorem states that partial derivatives—here of the
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expenditure function—are invariant to the order of differentiation and hence we must

have s; = s, for all {jk} which gives symmetry.

Compensated demands are identically equal to Marshallian demands X;

(IIL. 27) s(BULO.F) = X (pe(pU°FOF°),FO.F°)

Differentiating (ZI1. 25) results in

oV oV ’ — V4 “ oV 4F
4V, EZ@ ot 'Y Lo et e
(III. 28) " mLEL T &
-y SV de(pULP) + Ezﬁ’ df;, + }:ﬂ’dFk
1 aP,- 1 k1 f]a i

A change in a single price p; which leaves UP unaltered gives

V(P YLOF®) | 3V(pY,fO.F°) de(pU°f°F°)

0 =
op, oY op;
(IL 29) =
V 9Kfo9Fo a i
oV(p, op; _ s(BUFLF®) = X(pY,fOF°)
AV(p,Y,fO,F%)/3Y

The second identity in the result in (III. 29) is Roy’s identity.

Taking partial differentials with respect to p, on both sides of (III. 27) results in

Os(pU°LOF)  AX(pY.fOF°) aX(pY.LF°) oe(pU°LOF°)
op, op, oY op,

1. 30) =
Xy X
P, op, ' oY

46



which is the Slutsky equation.

By extending the results of the previous section, which were derived using the
"primal" approach, to dual specifications, the applicability of the analysis is widened.
In the next chapter, the convenience of the dual approach is demonstrated when
individual demands are derived from a specific indirect utility functional form which

has well-defined approximation properties.

Il 3d Commodity groups, separability and decentralization

Blackorby, Primont, and Russell (B-P-R) define strong decentralizability as
follows: "If it is possible for the consumer to optimally allocate the rth category
expenditure, y,, knowing only intracategory prices, we say that the problem [utility
maximization over all goods subject to income] ... is characterized by strong
decentralizability with respect to sector r (p. 177)." They go on to prove (Thm 5.3)
that as long as the utility function can be written as U = U(U'(X!),X?,...), then the
consumers utility maximization problem is strongly decentralizable in the first
partition. Thus the consumer can treat the problem as being to maximize consumption
on goods in the first partition subject to a budget constraint for in-group expenditures
to be bound by the optimal outlay on the group.

This result can be shown to hold when the standard problem is augmented with

additional constraints on the consumption of fat and cholesterol, so that we may write
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max U'(X?)

{X)
l.xl = - . ‘0 = 1
(IIL. 32) st pX =Y j:A;Pfo Yen
fi-X'= F, - Zlﬁ“-"Xfo = F(EF) Y ke l,..m
JerI ‘

where X"j is the optimal level of consumption of all X; not in the r'* partition (See
Pollak; B-P-R, pp.184-189, Thms. 5.1, 5.2, and 5.3). The procedure for the proof is to
show that the first order conditions for the maximization of the total utility function U
subject to budget and constraints on the consumption of cholesterol and fat imply the
first order conditions for the problem of maximizing utility from the weakly separable
group, given the optimal outlay on the weakly separable group and the additional
constraints. This holds if the constraints involve goods in the weakly separable group
only. The proof is not presented here since decentralization is implied by the
separable structure of the utility function and hence is invariant to the number of

constraints facing the consumer. Finally, (II. 32) can be written as

Vi@LYLAF) = max U'X')

{Xx1)
L.yl - ¥y - yi
(IIL 33) sk prx =Y j;pf)‘f YD
X' =F-Yf,X =F(FHVYkel,.,m
Jel'
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which allows the use of results derived in the previous section, on the indirect utility
function, to derive theoretically plausible demand systems and the restrictions on their

parameters for the decentralized problem.

I11. 4 Constrained maximization with mixed constraints

Up to this point, only binding constraints have been studied. Now consider the
problem with inequality constraints. Takayama (1985, pp. 102-104) shows that if an
objective function (a utility function in our case) is to be maximized given some
equality (binding) constraints and some inequality (not necessarily binding) constraints,
the Karush-Kuhn-Tucker or Arrow-Hurwicz-Uzawa first order conditions state that if a
constraint is binding, its shadow price will be positive, and if it is non-binding, its
shadow price will be zero. Note that, to test these first order conditions, one needs
actual physical values of the constraints and a function which describes the production
of the constrained commodity by various consumption vectors.

Given that it is impossible to obtain data on physical constraints through direct
questioning, the practical alternative is to indirectly determine whether consumers
enforce any constraints. For example, consumers could be asked the following three
questions: 1) "Are you concerned about consumption of fat?" 2) "Would your food
purchases differ if you were not concerned about fat?" 3) "What is the percentage of

fat in various foods purchased?” The responses to these questions could then be used
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to determine whether consumers enforce an implicit fat constraint, the perceived
proportions of fat in various foods consumed, and the bound on the implicit constraint.

In this dissertation, it is assumed that the fat and cholesterol constraints, in the
meat demand example chosen, are non-redundant to the budget constraint over the
"relevant” ranges of (X,p,Y.f,F). The population is argued to be made up of
consumers (households) who maximize utility subject to budget and other constraints,
and consumers differ, along with other possible forms of "heterogeneity" (Stoker
1993), on whether or not they constrain fat and/or cholesterol consumption.

Data necéssary for estimating demands in the context of the proposed model are
discussed in the following chapter, using the example of meat demands of a consumer
who restricts her/his fat intake. The procedure for deriving individual demands is
demonstrated. The aggregation of individual demands to obtain market demands when
consumers enforce different constraints is also discussed, and formulae for estimating

price elasticities are provided.
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v Implementation of the model

This chapter examines the implementation of the proposed model of individuals
whose food consumption behavior can be represented by the standard utility
maximization model with additional constraints on, for example, the consumption of
fat and/or cholesterol. It is argued that not all consumers face the same (number of)
constraints; thus the population is assumed to be comprised of groups of consumers
where consumers in each group face no constraints at all or face a constraint(s) on the
consumption of fat and/or cholesterol. In this chapter, the derivation of individual
demands from a specified indirect utility function is demonstrated. Non-parametric
tests of constraints are discussed. The method of computing (mean or per capita)
aggregate demands and of computing demand elasticities is also demonstrated.
Fiﬂally, the data necessary for estimating and testing the system of demands derived

from the proposed model are discussed.

Iv.1 The derivation of individual demands

Roy’s identity for an indirect utility function with additional arguments relating to
the perceived constraints faced by consumers was derived in the previous section.

Here that general result is translated into an example with a specific indirect utility
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function. It should first be pointed out that due to the fact that consumers/households
will be successful in enforcing different constraints, demand functions cannot be
estimated using aggregated data. While this increases the complexity of the analysis,
it also frees the economist from the restrictive assumption of quasi-homotheticity of
the (indirect) utility function (as, for example, with the AIDS model). The functional
form chosen for the individual indirect utility function is the indirect translog utility
function (Christensen, Jorgnesen, and Lau; Lewbel 1987). Since the indirect translog
utility function can be considered to be a second-order Taylor series approximation to
an unknown indirect utility function, its first derivatives can be considered to be first-
order Taylor series approximations to the first derivatives of the unknown utility
function. Further, as Driscoll has shown, the domain over which the translog
approximation converges to the unknown function includes the entire space of real
numbers, and hence is valid over the range of the data (which economic theory
postulates as restricted to the positive orthant).

Assume that consumer’s preferences for beef, pork, and poultry are separable
from all other goods, and further that the components of the aggregates "beef," "pork,"
and "poultry" are separable from their complements. The "augmented" indirect
translog utility function (of second-order) can be written, for consumers who face a

constraint on fat consumption only, as
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where the f;, f,, represent perceived proportions of fat in the three foods while F is the
level to which fat consumption is constrained. Symmetry, B, = B, &, = 5,, should be
imposed for data analysis. Note that the above functional specification satisfies the
homogeneity and symmetry restrictions of consumer theory derived in the previous
section. The budget shares for each commodity j generated by this functional
specification can be obtained by applying Roy’s Identity in logarithms

dInV/dp,

M=-—"""/ Thus
J olnV/dlnY

o, + Zﬁﬁln Enljln—

(Iv.2) M. =

J 3 f
LR RN IS 3 SR
1 Fl Fl 1

which can be estimated using non-linear estimation procedures® (Amemiya; Judge, et.

al.).

SSince the v; and 5,.]. parameters cannot be identified in the current context, along with a,, this model
can be used for examining welfare effects of changing prices using the Compensating and Equivalent
Variations, but cannot be used to analyze the effects of changing f.
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The null hypothesis that consumer demands for food commodities are completely
explained by prices and expenditures alone can be tested using this model. The joint

hypothesis

(IV. 3) | Hy:m;=0Vije (1,23}

can be tested using a y*-test for parameter restrictions on a system of equations such as
the "generalized Wald" statistic (Amemiya, p. 145; also Gallant and Jorgenson). Thus,
using this model one can test, using household level data and parametric restrictions,
the hypothesis suggested by the previous results of Chalfant and Alston, and
Wohlgenant.

Estimation and testing of individual demands could well depend on the data
available. At this point, no known data set reports all of the information necessary for
estimating and testing the above model; one of the objectives of this study has been to
argue for the collection of such data. Either cross-section or long panel data could be
used, but due to the formidable expense of collecting long panels (Bobst, et. al.), it is
more realistic to anticipate the availability of data for the cross-section. In order to
estimate equation (IV. 2) with cross-section data the assumption that all consumers (at
least those who succcessfully enforce the same number of constraints) have identical
preferences must be added; a long panel would obviate the need for this assumption
by allowing the estimation of individual demands for each household. However, the

latter strategy will be derailed if there does not exist sufficient variability in (f,, F,),
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which is entirely possible for consumers who are on strict diets for medical or other
reasons. Nonetheless, data from a panel could be pooled for consumers in the same
group (the defining characteristic of a group being that its members enforce the same
number of constraints), under the assumption that all members of the group have the
same preferences. Systematic differences in preferences across consumers in the group
can, of course, be modeled using demographic scaling and/or translating (Gorman
1976; Pollak and Wales 1981), or some other form of modifying function (Lewbel
1985). The availability of a long panel also facilitates nonparametric tests of the

hypothesis above. The strategy for nonparametric tests is discussed below.

IV. la Testing for additional constraints on food consumption

Thé nonparametric approach to testing consumer behavior, suggested by the work
of S. N. Afriat and implemented in different contexts by Afriat (1967, 1976), Diewert
and Parkan, Chalfant and Alston, and Varian (1982, 1983), seeks contradictions to the
axioms of revealed preference in the data; failure to find contradictions is interpreted
as meaning that the data "rationalize" demand theory. In this section, the
nonparametric approach is elaborated upon. A generalized axiom of revealed
preference for consumers maximizing utility subject to outlay, and also to fat and/or
cholesterol constraints, is derived. The procedure for implementing non-parametric

tests based on this (modified) axiom is then outlined as in Varian (1982).
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Varian (1983) proposes nonparametric tests for various hypotheses about
consumer behavior. Included are tests for rationing behavior; which are adapted to the
proposed model. Varian’s exposition is demonstrated in this sub-section.

First, some definitions are necessary. Varian (1982) defines the following:

Given an observation x’ and a bundle x:

(1) X is directly revealed preferred to x, written ¥ R’ x, if p'x' > p'x.

(2) X is strictly directly revealed preferred to x, written X P’ x, if p'x’ > px.

(3) X is revealed preferred to x, written X' R x, if p'x' > p'¥, p'x' > p'x, ..., p"x™ 2 p™x for some
sequence of observations (x', x/, X, ..., ¥™). In this case we say the relation R is the transitive closure
of the relation R’.

(4) X is strictly revealed preferred to x, written X' P x, if there exist observations x' and X such that
XRx, ¥P’X, ¥YRx. [xRx by convention.] (p. 947)

Now, consider the theorem of Afriat (in Varian 1982).

The following conditions are equivalent:

(1) There exists a non-satiated utility function that rationalizes the data;

(2) The data satisfies "cyclical consistency”; that is,

px’ 2 p%’, px* 2 p%, .., px?2pi,

implies

px = p%, px*=p%, .. p%xi=pi.

(3) There exist numbers U, ' > 0, i = 1...., n, such that

U U + Npi(x' - x))  fori,j = I,..., n.

(4) There exists a nonsatiated, continuous, concave, monotonic utility function that rationalizes the
data (p. 946).

Varian (1983) modifies the theorem of Afriat by defining the following
"Generalized Axiom of Revealed Preference (GARP):"
The data satisfies GARP if xRx' implies p'x’ < px' (p. 100).
Given the above definition Afriat’s theorem is modified by replacing his
condition (2) with
(2) the data satisfies GARP (Varian, 1983, p. 100).

Varian then gives the algorithm for testing his condition (2) above.
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Varian (1983) also gives non-parametric tests for rationing which can be used in

the current context. The rationing model is specified as

max UX)
v. 4) st piX<Y’

a'X<b’ Fl,..n

where in this case the index i refers to the observations of the data. Using the fact
that the solution to this problem must satisfy the Karush-Kuhn-Tucker conditions,

Varian (1983) proves the following theorem:

The following conditions are equivalent:

(1) The data can be rationalized by a continuous, concave, monotonic, non-satiated utility function;
(2) There exist numbers u', A' 2 0, ' > 0 with pi = 0 if a’X'<b’ and A' = 0 p'x'<Y' such that:

U < U+ (Np' + Pal)(x' - X)) (p. 108).

The theorem suggests the following combinatorial rule which is analogous to
Varian’s GARP:

If XRx then p'x < p'x' and dx' < dx.

A modified version of Warshall’s algorithm presented in Varian (1982) must be
used for testing the data for violations of this rule. First the modified rule is tested to
see if the consumer enforces all of the constraints being considered. If the rule is
violated, then one of the constraints is dropped and the rule tested again, and so on
until some combination of constraints, including the budget constraint is not violated.
This procedure can be used to test for implicit constraints enforced by consumers, and
also for putting them in various categories based on the number and type of implicit

constraints they enforce. The functional specification of the indirect utility function
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will then vary based on the category into which the consumer falls. Essentially, the

specification should be such that it accounts for all of the constraints being enforced.

Iv.2 Market demands with health concerns

One of the aims stated at the outset was to develop a model of food demand that
would address the information needs of food producers and marketers. These agents
will be interested in aggregate or market (consumer) demands for food commodities.
Thus it is necessary to develop a measure of aggregate demands and their elasticities.

Given the heterogeneity of consumer demands across groups, no "aggregate
demand" function exists under the model proposed. Thus, aggregate demands must be
derived by summing individual demands over the population. Let there be N
households in the population with N, consumers facing a budget constraint only, N,
consumers facing a cholesterol consumption constraint only, N, consumers facing a fat
consumption constraint only, and N, consumers facing both a cholesterol and a fat
consumption constraint; let the demands of consumers in each of these groups be
represented respectively as ,X(p,,Y,;), ;X(P,2, Y 2S5 F,2)s :X(Pr3, Y 35 F3), and
XY, uf o F,). The aggregate demand for good j in the meat group can now be

expressed as
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M N, N N,
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where N, + N, + N+ N, = N

and hence the mean, or per capita, demand for good j is

u :i\[_l_p, +£“ +_]\§u +]_V‘1”
V. 6) YONT O NTH O NTY N
where 1, = —Z; ="/ se{l,2 3,4}

‘Xj N,Pl{x; N’ s ’ s

The conditional means in (IV. 6) can be estimated using data from a
representative sample, by estimating individual demand functions and then computing
the sample averages within groups. Some important points should be noted here. The
sample average demand for each good j in each group is calculated as the average of
individual demands for members of the (sample) group, not by evaluating the
estimated function at the average of the data. Total demand X; is estimated by X,
obtained by scaling sample mean demand up by population size. Since estimated
demands obtained from the translog model are consistent but not necessarily unbiased

due to nonlinearity (Amemiya, p. 257), the estimator Xj is only consistent.
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V. 2a Computation of market demand elasticities

The elasticity of good j with respect to price k can be calculated using the result in
equation (IV. 6). Let the k™ price change from p° to p’, = p°, + 0.01xp. Equation
(IV. 6) can be used to calculate the new level of mean aggregate demand for good j at
the old and new prices. The price elasticity of good j can now be calculated using the

(discrete form of) the definition (Varian 1987, p. 107), whereby

A 1 A
X - &
X
av.m7n &, = —t
1.01p; - py
e
and, in turn, the Allen elasticity is given by
5 €
(Iv. 8) 6,=—L
Jk M,

Consistency of X; implies that as sample n ~ «, X, ~ X;, and therefore ¢, ~ ¢,; ¢, is

consistent.

IV.3 Data needs

In order to test the model, one would need to estimate consumer/household
individual demand functions of the type derived above. Consumers are (potentially)

differentiated in a) their preferences, b) their incomes, c) the commodities whose
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consumption they effectively constrain, and d) their perceptions of the proportion of
various foods comprised by these commodities. Thus data necessary are household
data, if possible over several periods of time; the data should report the quantities
consumed of various market foods, the prices at which these foods were purchased,
which commodities, if any, were being constrained, and the consumer’s (meal
planner’s) perceptions of the content of fat and cholesterol in each serving of the
various foods consumed. Individual consumer demands can then be estimated for each
household. If the model specified allows for some of the coefficients to be common
across individuals (e.g., by specifying that preferences are identical across individuals),
panel data methods (see, for example, Hsiao) can be used to simplify the estimations,
and to increase the efficiency of the estimators. Further, if it is believed that
consumers do not have precise and/or accurate information about the proportions of fat
and cholesterol in various foods, or of the recommended limits on consumption of fat
and cholesterol, and if a long panel of data such as the above is available, non-
parametric tests based on the axioms of revealed preference (Afriat 1967, 1976; Alston
and Chalfant 1991a, 1991b; Chalfant and Alston; Diewert and Parkan; Varian 1982,
1983, 1985) can be used to examine which consumers effectively enforce which
constraints.

The following, final, chapter summarizes and concludes the dissertation.
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V Conclusions

It was argued that consumers’ health awareness in food consumption is reflected
in behavior through the imposition of additional implicit constraints on consumption.
Existing approaches considered were the household production approach and the "taste
change" approach. The household production approach while empirically useful in
other contexts was judged to be inapplicable in the context of this study. The "taste
change" approach was found to be wanting theoretically and also the conclusion from
logical extension of the argument that “tastes have changed" is that tastes will finally
become stable again at which point demand behavior is explained by prices and
income alone. A further implication of this approach is that prices and expenditures
explain all of the cross-sectional variation in food consumption data, whereas it is
maintained here that food composition accounts for some of the differences in
consumer expenditures for food; this assumption is justified by the results presented in
the introductory chapter. The proposed model yields consumer demands for foods
which are determined by prices, outlay, the composition of foods, and implicit
constraints on consumption of food components such as fat, cholesterol, and other

components of food. The model also permits incorporation of demographic or other
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systematic differences in preferences. As an extension of food demand analysis, the
model meets the challenge posed by Blaylock and Smallwood.

Standard restrictions on demands implied by consumer theory were derived for
the proposed model. The procedure for deriving demand share equations from a
specified indirect utility function was demonstrated using the translog indirect utility
function. Elasticity formulae were computed for individual and (per capita or mean)
aggregate demands. Data necessary for estimating the model proposed were identified
as cross-section or, if possible, long panel data with information about prices and
quantities of various foods purchased, income, and perceptions of, in the example
chosen, fat and cholesterol in foods consumed. Such data would enable tests of
whether food consumption patterns are fully explained by prices and income alone,
and their collection is strongly encouraged. (No such data set is currently available.)
If the null hypothesis is rejected, i.e. if consumers effect a desire for good health by
limiting fat and/or cholesterol consumption as modeled here, then models of taste
change are misspecified since they imply that, in the cross-section, prices and
expenditures will completely explain all variation in the data.

The main implications of the study are that perceived proportions of fat,
cholesterol, and other relevant components in foods help determine consumer demands
for foods, along with prices and outlay. Thus, efforts to improve the accuracy of
perceptions about the composition of foods and the recommended intakes of various

components of food are crucial to ensuring that consumers will be able to make well
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informed choices about food consumption given health concerns. Additionally, if
perceptions are more or less accurate, changes in the actual fat and cholesterol
contents of foods will have predictable effects on demands. These effects may be
determined through the suggested model.

Finally, this dissertation focussed on meat demand analysis due to a need,
identified in the introductory and second chapters, for a theoretically sound and
empirically elegant approach. In the discussion, it was argued that health concerns of
consumers affect their spending patterns but do not necessarily alter their preferences.
The proposed model can easily be extended to the many areas of economic analysis
which manifest this property, such as consumer behavior in the presence of concerns
about food safety, sustainable economic development, and environmental destruction.
Such extensions would allow tests of whether these concerns have affected consumer
preferences, or whether they have changed consumer spending patterns simply to seek
to reduce the use of pesticides, inorganic fertilizers, and fluorocarbons among the

possible examples.
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