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CONSUMER DEMAND FOR FOOD DIVERSITY

Jonq-Ying Lee and Mark G. Brown

Abstract Understanding variety in food consumption

In this paper, consumer demand for food can be important in several areas. First, food
diversity is measured by the entropy and variety can be important for nutrition. Nutrient
Simpson indices forbudget shares. Results show levels vary between foods, and understanding
that consumer demand for food diversity is factors affecting demand for food variety can be
related to total food expenditures and house- important for understanding nutrient intake
hold size and composition. levels. Factors such as the food stamp program

may be particularly important for nutrition
Key words: food diversity, entropy, demand, policy. Studying variety in food consumption

Simpson index. may also reveal consumption patterns useful

Consumer demand for variety in consump- for marketing. In general, the features of mod-
tion has received increasing attention in recent eling variety in consumption may be important
years (Theil and Finke;Jackson; Shonkwiler et for accurately specifying consumer demand
al.; Lee). It has been noted that as incomes equations.
increase, consumers tend to increase the num- The maJorpurposeofthisstudyis toexamine
ber of goods consumed. Theil and Finke used the household demand for a varied diet using
the entropy and the Hirschman-Herfindahl the entropy and Herfindahl or Simpson indices
indices of budget shares to study consumer and to investigate the relationship between
demand for diversity. Jackson proposed a hier- household composition and demand for a varied
archic purchasing model and used a flexible diet he impacts of the household food budget
functional form to study variety in consump- and the food stamp program are also analyzed.
tion. Both the Theil and Finke and the Jackson The present study expands on the work by
studies concentrated on broad commodity ag- Theil and Finke who analyzed diversity in con-
gregates. Their results suggest that increases sumption across countries focusing on broad
in expenditures on a single broad consumption commodity groups (e.g., all foods were lumped
category are accompanied by increases in the together in one group) and the impact of in-
number of individual goods consumed in that come. The following sections review the rele-
category. vant economic theory about the demand for

Shonkwileretal.investigatedhowthe number variety and the commonly used measurements
of individual foods consumed by a household is of diversity. The demand relationship between
affected by the household's preferences and a varied diet and household characteristics is
food expenditure. Atheoreticalmodel suggested then estimated.
by household production theory (Becker; TH ETIAL BA
Lancaster; Deaton and Muellbauer) was adapt- THEOREICAL BACK
ed to empirical data from a cross-section of The analysis in this study is based on tradi-
households. The results indicated that the tional consumer demand theory. Maximization
number ofindividual foods consumed responded of utility subject to a budget constraint and
strongly to household expenditure on all foods. nonnegativity conditions yields demand equa-
A similar result was found by Lee using econ- tions
ometric models for count data. (1) qi = gi (p, m, z), i = 1,...,n,
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where qj is quantity demanded of commodity i, Diversity has been an important concept in
p is a vector of prices, m is total expenditure, ecological theory and application, appearing in
and z is a vector of variables indicating con- the biological, physical, social, and management
sumer preferences. Based on the nonnegativity sciences under various names. The diversity
conditions, quantity demanded is equal to or concepts used in economics involve mea-
greater than zero (qi > 0), allowing for corner surements of industrial concentration (e.g.,
solutions. Horowitz and Horowitz; Hexter and Snow) and

Assuming weak separability, subgroup de- income distribution. Economic theory suggests
mand equations for foods can be written as: that the vigor of competition is related directly
(2) qF_ = gFi (PF, m, z) , to the number of firms in the relevant industry,

~Fpi _- gpi PF nip Z , otherthings being equal. However, to the extent
where the F subscript indicates the food sub- that monopoly power is correlated positively
group (i.e., PF is a vector of food prices, and mF with both fewness of sellers and inequality in
is total food expenditure). their sizes, it makes a difference whether, in an

A simple measure of diversity in food con- industry with 100 firms, each firm controls 1
sumption is the number of food items where percent of the industry's output or four firms
q >0. Based on specification (2), this number is control 80 percent while the remaining 96
a function of food prices PF, total food expendi- account for only 20 percent. A similar argument
tures mF, and preferences variables z. can be used in measuring diversity in food con-

Alternatively, diversity can be measured sumption. The food item counts used in the
based on demand expenditure shares defined Jackson, Shonkwiler et al., and Lee studies do
by not account for the magnitudes of individual
(3) WF = PFiFi = hFi (PF mF Z), food expenditure shares.

mF An analytical tool commonly used to study
where wFi is the fraction of food expenditure the concentration of an industry is the
used in purchasing food i and depends on PF, Herfindahl index, which is given by the formula
mF, and z. Using equation (3), diversity in food (5) 
consumption can be specified as a function of ) H = 
food expenditure shares, where, here, w1 is the market share of the ith
(4) d- =d(h F(PP mP z))- =f(PP mInF z) firm. When the industry is occupied by only one

- (h , m, z)) , , firm (pure monopolist), the index attains its
where d is a measure of diversity, and h is a maximum value of 1.0. The value declines with
vector of food shares. In reduced form, diver- increases in the number of firms and increases
sity d is a function of food prices, total food with rising inequality among any given number
expenditures, and preferences. of firms. The range of the Herfindahl index is

Diversity could also be measured using quan- [l/n, 1], where n is the number of firms in the
tity shares (qi/Zqj) instead of expenditure shares. industry of interest, with the upper limit being
In this case, a common measure (e.g., pounds) attained when one firm has total control of the
for aggregating across foods would be required. market as mentioned above, and the lower limit
In the present study, quantities were not avail- when n firms have an equal share. The
able and measuring diversity using quantity Herfindahl index thus measures diversity in-
shares was not analyzed. versely. Alternatively, the Simpson index (Patil

and Taillie; Bhargava and Uppuluri; Good) is
MEASUREMENTS OF DIVERSITY defined as 1 minus the Herfindahl index, or
Research on variety in food consumption has (6) Simpson index = 1 - Z w2

focused on the number of food items actually 1
consumed (Jackson; Shonkwiler et al.; Lee). By The range of the Simpson index is [0, 1-(1/n)]
this criterion, if a person consumes some of each and measures diversity directly.
food, then maximum food variety is being Another commonly used measure of indus-
elected. However, such an approach does not trial concentration is the entropy of market
provide any information about the distribution shares (Theil; Hart; Hall and Tideman). This
of individual food quantities consumed or, alter- measurement is also called Shannon's index
natively, the distribution of expenditure shares (Patil and Taillie) or Gibb's index (Good). The
for the food items. The purpose of the present entropy index (E) is defined as
paper is to examine measures of diversity that ( 
do account for the latter type of distributions in - wi og w,)
the context of food consumption. the entropy or the Shannon index varies from
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zero (when one market share equals 1 and hence TABLE 1. DESCRIPTIVE STATISTICS FOR
the n-l others vanish) to a maximum of log n VARIABLES USED IN THE
(when all shares equal l/n). As discussed by EMPIRICAL ANALYSIS
Theil, in information theory, entropy is the
expected information content of a message.

Standard
DATA, VARIABLES, Variable Mean ErrorDATA, VARIABLES,

AND SPECIFICATION Entropya 2.06 0.60
As an example, diversity in food consumption Herfindahl 0.78 0.18

was analyzed based on data from the 1981 con- Household Composition:
sumer expenditure survey conducted by the M3b 0.11 0.38
Bureau of Labor Statistics (BLS). The survey 01F<3b 0.10 0.35
involved roughly 10,000 households and was by 
design representative of the urban United 4<M<10 0.16 0.45
States. The present example focuses on house- 4<F<10 0.15 0.45
holds in the northeastern region of the United 11 <M<15 0.15 0.45
States which completed two weekly diaries. 11<F<15 0.16 0.45
The number of households in this group was 16<M<25 0.23 0.47
1,061.

Variables analyzed are food expenditure, 16<F<25 0.27 0.48
household size, and household composition. Food 26<M<50 0.36 0.49
expenditure is the money value of food pur- 26<F<50 0.40 0.50
chased by the household during the two survey M>50 0.24 0.44
weeks. Foods purchased and eaten away from F>50 0.32 0.48
home are included in food expenditure as a

Household Size 2.66 1.60separate category. The dependent variables ou ii 2. 
are the entropy and Simpson indices calculated Food Expenditures $112.12 80.51
from the expenditure shares of 19 different food Food Stamp Value $ 64.62 281.59
groups (see Appendix I for detailed food expen-
rus (see A e x I fr detaied f ee- aThe maximum of the entropy index for this study is In 19 = 2.944.diture shares). bRepresents the number of males (M) or females (F) present in
The independent variables chosen for the the household less than or equal to three years old. Same

study include the number of household mem- notations were used for other age-sex groups.

bers in 12 age-sex categories, household-size- A six-digit code system is used by the BLS to
squared, total food expenditure in dollars dur- identify different food items in its public user
ing the two survey weeks, and the annual value tape. Each food item can be reclassified into a
of food stamps. Descriptive statistics for these broader category by using the truncated food
variables are given in Table 1. code. For example, if the six-digit codes are

The independent variables listed above do used, cakes, cookies, and bread are different
not include price variables because of the cross- food items. When the first three digits of the
section nature of the data and absence of price food codes are used, these three food items will
information (over a two-week period, prices have the same food code and belong to the
probably did not vary much; restricting the bakery product category. For illustrative pur-
analysis to the northeastern region also re- poses, in this study, food items are defined by
duces price variation associated with location). the first three digits of the six-digit food code
The BLS data provide information on food used by the BLS. The six-digit code might be
expenditure but do not indicate quantities useful for other studies.
purchased, so that implicit prices could not be For the present study, relationship (4) can be
calculated by dividing expenditures by quanti- written as
ties. If implicit prices could be calculated from 
more complete data, quality issues would also = f(hc, m F
need to be addressed in estimating price re- where dt is either the entropy or the Simpson
sponses (Deaton). index' for household t, and hct is the set of

1Theil and Finke used Working's model for expenditure shares to analyze the entropy and Herfindahl indices; expenditure share
equations were estimated separately as functions of income. In the present study, a reduced formulation is used to analyze the latter
two indices; values for the indices were calculated based on observable expenditure shares, and then regressed on a set of explanatory
variables.
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TABLE 2. PARAMETER ESTIMATES FOR EQUATION (9) WITH ENTROPY AND SIMPSON INDICES AS
DEPENDENT VARIABLES

Entropy Simpson
Variable

Estimate S. E.a Estimate S. E.

Intercept 0.67187 0.08214 0.48911 0.02629
Household Composition:

M<3 0.24607 0.05267 0.07804 0.01686
F<3 0.15071 0.06071 0.04612 0.01943
4<M<10 0.16798 0.05432 0.05718 0.01739
4<F<10 0.15429 0.05276 0.05224 0.01689
11<M<15 0.08724 0.05620 0.03269 0.01799
11<F<15 0.08912 0.05738 0.03091 0.01837
16<M<25 0.07015 0.05063 0.03317 0.01620
16<F<25 0.11400 0.04889 0.04780 0.01565
26<M<50 0.05102 0.05340 0.02464 0.01709
26<F<50 0.29669 0.05068 0.10009 0.01622
M>50 0.09736 0.05228 0.03639 0.01673
F>50 0.48391 0.05390 0.15879 0.01725
(Household Size)2 -0.01246 0.00486 -0.00424 0.00156

Log(Food Exp.) 0.23125 0.01972 0.03626 0.00631
Food Stamps 0.00018 0.00006 0.00005 0.00002
Adjusted R2 0.2852 0.1853

aRepresents the coefficient standard error estimate.

household characteristics shown in Table 1. 26 and 50 for the entropy specification.
Theory has, at present, little to say on the All parameter estimates for age-sex compo-

rate at which commodities enter or leave the set sition variables are positive. The effect of an
of foods which are purchased. In the present additional male household member decreases
study, a linear specification with logarithmic with age, reaching a trough for men between
food expenditures was found to best fit the data, the ages of 26 and 50, and then increases slightly
that is, for men more than 50 years old. The effect of an
(9) dt=c+ ajfjt +P log(m)+ +t, additional female household member has a dif-

-- 0,At^~~ +19t te ferent pattern with a trough for members be-
tween the ages of 11 and 15. Moreover, an

where ft is the number of persons of the jth type additional female has a smaller impact during
in household t; HZt= .f t is the household size; her earlier years and a greater impact during
FSPt is the annual dollar value of food stamps; her later years on the demand for a varied diet
et is the disturbance term; and c, a, P, p, and yare than an additional male of comparable age. The
parameters to be estimated. Household size estimates indicate females in the homemaker
squared was included in specification (9) to al- age range are important for diversity in food
low for economy of scale type impacts. The consumption. The finding may indicate females
inclusion of the annual value of food stamps in in this age group have a greater interest in
the analysis provides information about the preparation of various meals and, perhaps,
impacts of both participation and level of par- nutrition. The latter possibility may be particu-
ticipation in the food stamp program. Equation larly important to the extent that diversity in
(9)wasestimatedwiththeordinaryleastsquares food consumption is related to a household's
method using the entropy and the Simpson nutritional requirements and well-being.
index as dependent variables. The parameter estimates for the household-

size-squared variable suggest economies of scale
associated with diversity in food consumption.

Entropy and Simpson index estimates for The negative coefficients for household-size-
specification (9) are presented in Table 2. Based squared indicate that the positive impact of
on the t-ratios, all parameter estimates are additional household members is reduced with
significantly different from zero at the a=.10 increases in household size. For example, the
level of significance, except the estimate for positive impact of the arrival of a male infant to
male household members between the ages of a two-person household would have a stronger

50



impact on the diversity of food expenditures bers between the ages of 16 and 25, and then
than the arrival of the same infant to a four- decreases slowly. To investigate these differ-
person household. Marginal impacts can be ences, the same data were used to estimate a
straightforwardly obtained by differentiating Poisson regression model and a compound
equation (9) and using the results in Table 2. Poisson model with the weighted least squares

The estimates for the expenditure variables method (see equations [9] and [10] in Lee's
indicate increases in both total food expendi- study). The coefficient estimates for te age-
ture and food stamp income increase diversity sex and expenditure varables for he Poisson
in food consumption. Given the semilogarithmic models follow patterns similar to those for the
specification, the marginal impact of total food entropy and Simpson models in Table 2. This
expenditure decreases at higher levels of total finding suggests that the particular results in
food expenditure. At the sample means, the the present paper are dependent on the type of
marginal impacts of total food expenditure were data (expenditure versus quantity) used. The
.0021 and .0003 for the entropy and Simpson particular functional forms used-entropy,
indices, respectively. Provided food stamp in- Simpson, or Poisson specifications-are not
come is used during the two-week period in imposing undue restrictions. However, the
question, an increase in food stamp income can entropy and Simpson indices might be pre-
be expected to increase total food expenditure, ferred based on the theoretical properties of the
so that the marginal impact of food stamp in- indices in comparison to simply counting food
come would involve both the coefficient esti- tems onsumed.
mates for the logarithm of total food expendi-CLUDI
ture and food stamp income. The marginal
impact of food stamp income cannot be deter- In this study, the consumer's demand for a
mined precisely as the data were not complete variety of foods is measured by the entropy and
with respect to food stamp income used during Simpson indices for budget shares. The results
the two-week survey period. That is, to deter- of this study show that the demand for a diverse
mine the marginal impact of food stamp income diet is positively related to the number ofhouse-
on diversity in food consumption, the marginal hold members in different age-sex groups. The
impact of food stamp income on total food ex- change in the demand for a diverse diet in-
penditure must first be determined. creases at a decreasing rate as household size

In comparison with the age-x cn increases. In addition, the results of this studyIn comparison with the age-sex compositionv es the magia impacts o tota oo suggest that increases in household food expen-
vaaes, the marginal iditure and participation in the food stamp pro-

expenditure are much lower and indicate that diverse iet.gram increase the demand for a diverse diet.household composition is relatively more im-d cn is r y me i- Theseresults are generally consistentwith those
portant for diversity in food consumption at the found in studies by Theil and Finke; Jackson;
margin. For example, in the entropy model, the Shonkwiler et al.; and Lee.
increase in food expenditure needed to increase DiversityinfoodconsumptionisimportanttoDiversity in food consumption is important todiversity by .25, the marginal impact of a female the extent that food variety is related to nutri-between the ages of 26 and 50 in a two-person 
household, is about $119 per two weeks using foods and understanding factors affectingfoods, and understanding factors affectingthe .0021 marginal impact for total food expen- diture . anapproxi i. l demand for food variety can be important forditure as an approximation. understanding nutrient intake levels. The re-

The patterns of household effects shown in sults of the present study indicate that house-
Table 2 are different from the ones found by hold composition, particularly with respect to
Lee. Lee found that the effect of an additional the number of older females, is relatively more
household member, regardless of sex, initially important than the food expenditure variables
increases with age, reaching a peak for mem- for diversity in food consumption.

2Food consumption data were used in Lee's study, while expenditure data were used in this study.
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APPENDIX I. DESCRIPTIVE STATISTICS FOR FOOD EXPENDITURE SHARES USED IN THE EMPIRICAL ANALYSIS

Standard Standard
Food Group Mean Deviation Food Group Mean Deviation

Cereal and Cereal Products 2.82 3.01 Fresh Fruits 3.65 5.20
Bakery Products 7.46 6.51 Fresh Vegetables 3.29 3.40
Beef 8.26 9.11 Processed Fruits 2.89 4.31
Pork 4.12 5.65 Processed Vegetables 1.73 2.27
Other Meats 3.75 4.88 Sugar and Other Sweets 2.55 3.83
Poultry 3.47 4.90 Nonalcoholic Beverages 6.44 6.80
Fish and Seafood 2.29 4.27 Fats and Oils 1.78 2.38
Eggs 1.59 2.27 Miscellaneous Foodsa 27.51 24.15
Fresh Milk and Cream 6.17 8.09 Food Away From Home 5.38 5.90
Other Dairy Products 4.85 5.59

SOURCE: Bureau of Labor Statistics.
lncludes soup, frozen meals, frozen and prepared food items, potato chips and snacks, nuts, condiments, and baby food.
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