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IMPLICATIONS OF FACTORS AFFECTING FOOD CONSUMPTION

Robert Raunikar and Chung L. Huangl

The consumption of food in the United States has been subjected to
various factors during the past three decades that have brought about
changes not previously experienced. Efforts to model the factors
which affect food consumption have met with limited success but
nevertheless have provided information for policy decisions of
government and industry (firms). This paper focuses on (a) recent
changes in factors traditionally incorporated in demand modeling and
anticipated changes to year 2000, (b) changes in factors which have
not been explicitly included in demand estimation, and (c) an
alternative for demand estimation and the implications for food
consumption behavior.

Particularly during the last two decades, as well as currently,
agricultural policy has been designed, in part at least, to bring
supply more in line with demand. The imbalance between food demand
and food production has resulted from excess capacity in the food-
producing sector. Unlike in developing countries, food production in
the United States has been at or above the requirements of its
population. Except for some recent experience in the disposal of food
stocks in the international market, the excess supply has been
acquired by the government. The effects of excess capacity has
generally provided lower food prices facing consumers in the
marketplace. With the productive capacity of American agriculture
capable of producing far more of most foods than is required for the
domestic population, the use of the productive capacity continues to
be constrained by demand. Hence, the utilization of the productive
capacity is dependent upon the food requirements of the U.S.
population and the extent to which farm products can compete in the
International markets.

The recent euphoria resulting from relatively dramatic increases
In export of agricultural commodities has been virtually obliteratedby
the capriciousness of the international markets. Even as advances in
science and technology have enhanced food production capacity in the
United States, similar advances have been made by other countries in
the production of commodities the United States has sold and continues
to seek to sell in the international markets; notably, the production

1Professor and Associate Professor of Agricultural Economics, re-
spectively, University of Georgia, Georgia Experiment Station,
Experiment, Georgia. The dedication and contribution of Holly L.
Tyan, Research Coordinator, in data preparation and programming are
gratefully acknowledged.
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of soybeans by South American countries. In the Council of Economic
Advisers' annual report to the President, slowed growth in world trade
is attributed to the beginning of the global recession in 1981, record
foreign production, and debt problems of third world countries.
Furthermore, the rise in exports has brought instability in domestic
markets for U.S. farm commodities as a result of being affected by
factors in other areas of the world - such as changes in weather,
trade policy, exchange rates, interest rates, population and income.
Reliance on export demand to expand the disposition of U.S. farm
commodities subjects the farm sector to variability not previously
faced when virtually all commodities were disposed in domestic
markets. Although segments of the farm sector have been affected,
sometimes quite adversely, by factors affecting domestic and foreign
markets, the American consumer has been provided a reasonably
consistent and adequate supply of food at relatively low prices.

Historical Perspective

While the export market has impacted to some extent on domestic
food consumption, it has not been considered of importance until
recently in modeling domestic food consumption relationships. Some
early food demand estimation studies used time-series data such as
those conducted by Brandow (1961), and George and King (1971) while
others used cross-section data such as those conducted by Stone
(1954), and Prais and Houthakker (1955). More recent studies of
demand have extended the use of partial and complete demand systems,
and examples of the extent of such studies are discussed in an
unpublished manuscript edited by Raunikar and Huang (forthcoming), and
a recent book by Johnson, Hassan and Green (1984).

Several data sources have become available over the past two
decades, providing more complete and useful data for demand
estimation. Yet many 'of the data sets were generated for purposes
other than demand estimation -- e.g., the USDA Nationwide Food
Consumption Survey was designed to determine the nutritional status of
the population and the BLS Consumer Expenditure Surveys were primarily
used to update the Consumer Price Index. While these data sets do not
provide the "best" kind of data for demand estimation, they
nevertheless have been useful for advancing model development and
demand parameter estimation. Continued availability of time-series
data from U.S. government agencies provides the means for estimating
food demand. Even though advances have been made in more
comprehensive data sets and estimating procedures which correct or
diminish previous problems in estimation, the availability of data to
satisfy the requirements for demand estimation still are lacking.
However, the cost of collecting detailed data for demand estimation,
especially on a disaggregative basis, has been greater than government
agencies or private institutions have been willing to underwrite.
However, notable exceptions have occurred where generally narrowly
defined commodity information has been collected -- as in the citrus
and dairy sectors. Only recently, the Bureau of Labor Statistics
began maintaining a continuing consumer expenditure survey. This data
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set is reported on a high level of aggregation for expenditures of
most foods with quantity values omitted. Specific data problems and
estimation problems are being reported by other participants in this
volume. Although the focus ofthis paper relates to these problems,
the concern here is with those attributes of the population and our
economic system which are relevant to the application of parameter
estimates for economic policy (private and public) and food demand.

Changing Explanatory Factors

Traditionally, food consumption has been explained by the use of
single equation estimating procedures and/or by the use of systems of
equations, in some cases the latter being described as representing a
"complete" system. Much effort has been put forth in the development
of estimating procedures in order to address and resolve problems
associated with data and estimation, as illustrated by Johnson, Hassan
and Green (1984). It is not the purpose here to elaborate further on
the issues involved but rather to take the present state of estimation
and use estimated parameters to derive food requirements in the United
States and its geographic subdivisions.

The level of food consumption is generally described as being a
function of a set of explanatory variables. Although a large number
of variables may be stated as relevant, only those variables which can
be assigned numerical values are included in the equation(s) to be
estimated. In the analysis of time-series data, quantity or
expenditures have most frequently been defined as a function of prices
and income. The USDA has been the primary source of time-series data
for food consumption analyses. These data are generally highly
aggregated food commodities without representation for subdivisions of
the United States. In the analysis of cross-section data, quantity or
expenditure is described as being a function of a host of variables,
including urbanization, location, age/sex composition of the household
(or some alternative), season, guest meals, source of meals, income,
and race or ethnic origin. In addition to those cross-section data
sets generated by federal agencies (USDA Nationwide Food Consumption
Surveys and BLS Consumer Expenditure Surveys), cross-section food
purchase/expenditure data, limited by geographic and/or commodity
specification, have been collected by private firms (e.g., National
Purchase Diary) and universities (e.g., consumer panels previously
operated by Michigan State University and the University of Georgia
Experiment Station).

The explanatory factors in time-series analyses are generally
limited by the lack of geographic definition and commodity
disaggregation. The means by which such data are generated does not
offer much hope for reducing this limitation without inducing
considerable added cost. Cross-section food quantity/expenditure data
on a continuing basis provide an opportunity to measure several of the
explanatory factors that are changing over time. Hence, the parameter
estimates of these explanatory factors should be related to their
projected changes.
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Population and Income 

Several important changes have occurred and/or are projected to
occur in socioeconomic and demographic characteristics affecting food
consumption patterns. To gain some insight into the magnitude of
these changes, some changes in population and income are reviewed.
Considerable changes in the distribution of the age/sex composition of
the population are expected to occur between 1980 and 2000 (Table 1).
In 1980, the male and female populations of the United States were
relatively young -- 52 percent of the males and 48 percent of the
females were less than 30 years old. However in 2000 the population
is expected to have shifted to an older distribution with 43 percent
and 39 percent of the males and females, respectively, less than 30
years old. Except for the 60-69 year old age group, the proportion of
males and females in age groups of 40-49 and above will have increased
between 1980 and 2000. These changes in the age/sex distribution are
attributed to expected changes in the fertility and mortality rates;
however, the distribution of the population between males and females
is projected to remain virtually unchanged. The overall change in the
age distribution has been occurring particularly since 1960; the
proportion of the population under 5 years old is projected to decline
from 11.3 percent in 1960 to 6.6 percent in 2000 (Bureau of the
Census, 1984). Conversely, the proportion of persons 65 years old and
over is expected to increase from 9.2 percent to 13.0 percent during
this time.

Table 1. Distribution of U. S. Resident Population by Age
and Sex: 1980 and 2000.

Year
Age 1980 

Group Male Female
years   percent

0 - 9 7.5 7.1
10 - 19 8.9 8.5
20 - 29 9.0 9.0

30 - 39 6.8 7.0
40 - 49 4.9 5.1
50 - 59 4.9 5.4

2000
Male Female

7.0 6.6
7.3 7.1
6.8 6.3

7.7 7.5
7.7 7.9
5.6 5.9

60 - 69 3.8 4.6 3.3 4.0
70 - 79 2.1 3.0 2.5 3.4
80 + 0.7 1.5 1.1 2.6

Alla 48.6 51.2 49.0 51.3 
a. Sum of male and female do not add to 100 due to

rounding.
Source: Bureau of the Census (1983).
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To further delineate the changes in the age composition of the
population, the distribution of the population by age groups and
regions over time is represented in Table 2. Shifts in the proportion
of the population from one age group to another over time among the
regions follow the same general pattern as for the United States as a
whole. However, the change in distribution of the population within
an age group over time differs for each region, with some regions
growing (declining) more in one or more age groups than are other
regions. But even though this distribution corresponds to that of the
nation, it is only when geographic disaggregation occurs that
locational differences are revealed. For contrast, it can be seen
that for the years 1970, 1980, and 2000 the population in the
Northeast had or will have a generally older population than any other
region; whereas, the West has the youngest population, and the North
Central and South, with similar age distributions, have population age
distributions that lie between those for the other two regions.

The proportion of the total population that is white has been
steadily declining from 87.6 percent in 1970 to a projected 83.1
percent in the year 2000 (Table 3). The greatest percentage increase

Table 2. Distribution of Estimated Number of Persons
within Age Groups by Year and Region, United
States.

Region
Age North North

Group Year east Central South West
years'  percent 

0 - 9 1970 17.5 18.6 18.5 18.4
1980 13.0 14.9 15.0 15.0
2000 12.0 14.0 13.5 14.6

10 - 19 1970 18.5 20.1 20.0 19.6
1980 17.3 17.7 17.6 16.8
2000 13.2 14.8 14.3 14.8

20 - 44 1970 31.1 30.8 31.9 33.3
1980 35.9 36.5 37.0 39.6
2000 35.9 35.6 35.7 37.8

45 - 64 1970 22.2 20.3 19.9 19.9
1980 21.4 19.5 19.2 18.7
2000 24.3 22.6 22.7 21.8

65 and over 1970 10.6 10.1 9.6 8.9
1980 12.3 11.4 11.2 9.9
2000 14.7 13.0 13.7 11.0

Source: Bureau of the Census. 1970 and 1980 censuses and
projections (1983).
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Table 3. Distribution of Population Estimates and
Projections (Middle Series) for the United
States by Race and Year.

Race
Year White Black Other

- - - - percent of total - - -

1970 87.6 11.1 1.3
1980 85.9 11.8 2.3
1990 84.4 12.6 3.0
2000 83.1 13.3 3.6
Source: Bureau of the Census (1984).

in population during this period is for the "other race" category and
represents an increase of nearly 7 million persons. The black segment
of the population is becoming increasingly important also, and should
consist of an additional 13 million persons by year 2000.

The proportion of all households in the United States classified
as urban declined between 1970 and 1980 and is expected to continue
declining to year 2000 (Table 4). However, the change in urbanization
nationally does not represent the change when viewed from the
geographic disaggregation represented by census regions. The
proportion of households classified as urban between 1970 and 1980
declined at varying rates in all regions except the South, where the
proportion increased from 66.0 percent to 67.2 percent. A similar
pattern of change in regional urbanization is expected to exist to
year 2000. Furthermore, a wide range in urbanization prevails between
the regions; for example, in 1980 the South had 67.2 percent of its
households classified as urban, and the West had 83.2 percent in this
classification.

Table 4. Proportion of Estimated Total Households Classified
as Urban by Year and Region, United States.

Region
Year

1970 1980 1990 2000
percent

Northeast 82.0 78.7 74.9 70.7
Midwest 72.7 70.1 67.3 64.3
South 66.0 67.2 68.5 69.8
West 84.3 83.2 82.2 81.4

U.S. 75.0 73.6 72.3 71.4 
Source: Bureau of the Census; 1970 and 1980 are based on
censuses with 1990 and 2000 projected.
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The distributions of households by level of income (1980 dollars)
over time in the United States and its regions are represented in
Table 5. The shift in the distribution of households in the United
States and its regions to higher income levels occurred between 1970
and 1980, and a similar shift is expected to persist to year 2000.
However, a high degree of variation in the proportion of households
within a given income group exists among regions. Whereas the South
was far below the national average and had a very low proportion of
its households with income of $30,000 or more in 1970 relative to the
other regions, it is expected to increase its proportion of household
in this income group to approximately the national average by year
2000.

Price, Technology and Other Factors 

The measurement of the effects of changes in prices and technology
in cross-section data analyses has been limited by the lack of data
for this purpose. The importance of the effect of these changes has

been noted by Musgrove (1982) but yet such factors have been omitted

in studies of consumer demand. The BLS Continuing Expenditure Survey

should provide data for assessing the effect of price variability over

time. Also, proxies for measuring technological change may be

developed for use in consumer demand estimation.

Table 5. Distribution of Estimated Total Households Within
Income Groups (1980 dollars) by Year and Region,
United States.

Region
Income North North
Group Year east Central South West US

dollars  percent 

< 10000 1970 16.2 17.9 28.5 18.4 20.9
1980 18.7 17.9 24.5 18.6 20.4
2000 24.3 17.7 16.8 18.5 18.6

10000 - 1970 31.4 32.0 34.9 30.8 32.5
19999 1980 29.1 28.8 31.8 28.4 29.8

2000 24.5 22.5 24.1 23.2 23.6

20000 - 1970 28.3 28.7 21.7 27.3 26.2

29999 1980 26.3 27.6 23.4 25.3 25.5
2000 21.9 24.2 24.4 21.1 23.2

> 30000 1970 24.1 21.4 14.8_
1980 25.9 25.7 20.3
2000 29.4 35.6 34.7

23.6
27.7
37.3

20.4
24.3
34.6

Source: Bureau of the Census. 1970 and 1980 are

based on censuses with 2000 projected.
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In the measurement of retail prices, little has been done to
address definitional problems arising from changes in the
characteristics of the products. For instance, in the not too distant
past, the price of chicken represented almost exclusively the whole
ready-to-cook chicken which was purchased in this form for home use or
institutional use. However, in recent years the price of chicken
represents a myriad of products from whole chicken to specific bone-in
parts separate and in combination, to deboned chicken as filet of
breast, to chicken bologna. This problem of defining price becomes
even more troublesome with the higher levels of product aggregation
for example, the number and kinds of breads have proliferated,
especially with multigrain breads now being produced.

There is little understanding of the changing effects resulting
from substitution processes. The effects of habits as related to race
and ethnic origin and to changes in habits over time in the "melting
pot" society are difficult to measure. The substitution between
commodities resulting from the recent physical activity and dietary or
health awareness has also escaped measurement for demand estimation.
Hence, many factors which are hypothesized to affect consumption
remain outside demand system estimation.

Spatial and Temporal Effects

The estimation of consumer demand for food commodities, as has
been indicated, is subject to a multitude of factors, only a few of
which have been incorporated in estimating procedures. However, even
such estimation has been for the total United States market rather
than disaggregated by location. The estimation of market requirements
(demand) for shell eggs is used to illustrate the effects of changes
in socioeconomic and demographic factors discussed in a previous
section. The procedures used for estimating market demand involves
three somewhat distinct steps and are discussed in a recent study by
Huang and Raunikar (1984). Only a brief description is presented here.

Estimating Procedure 

In the illustration presented, the initial step utilizes
regression analysis for determining parameter estimates relating
quantity of shell egg consumption to selected measurable variables.
The 1977-78 USDA Nationwide Food Consumption Survey data are the basis
for this analysis using the Tobit procedure (Tobin, 1959). The second
step generates data where input requirements are differentiated
between parameter values obtained in the initial step and simulated
exogenous variables. A simulation procedure which describes
households according to probability distribution of population
characteristics is used to generate exogenous variable values. The
final step derives market demand estimates by combining results from
the previous steps. The procedure determines market shares based on
the allocation of total domestic disappearance among spatially defined
markets.
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The statistical model specified estimates the relationship of the
quantity of shell eggs (small and medium, and large and extra large,-
separately) to selected socioeconomic characteristics. The estimating
equations with parameter estimates for small and medium eggs and for
large and extra large eggs, respectively (t-ratios are in
parentheses), are as follows:

and

QSEGG = 1.941 - 0.741NE - 0.157NC - 0.876WE + 0.077BLK + 0.345RUR
(-7.45) (-1.68) (-7.53) (0.67) (4.23)

- 0.543LINC - 0.010HSQ + 0.139M65 + 0.324F65 + 0.209M45
(-9.55) (1.20) (0.98) (2.27) (1.70)

+ 0.487F45 + 0.395M20 + 0.500F20 + 0.398M10 + 0.433F10
(3.85) (3.82) (4.56) (4.31) (4.72)

+ 0.358CH59 + 0.275CH04
(3.89) (2.86)

QLEGG = - 1.601 + 0.057NE - 0.169NC + 0.303WE + 0.119BLK - 0.348RUR
(1.08) (-3.16) (5.09) (3.07) (-7.55)

+ 0.199LINC - 0.013HSQ + 0.772M65 + 0.626F65 + 0.758M45
(3.83) (-2.73) (10.13) (8.19) (11.25)

+ 0.564F45 + 0.469M20 + 0.516F20 + 0.540M10 + 0.480F10
(8.29) (8.24) (8.70) (10.32) (9.22)

+ 0.395CH59 + 0.361CH04
(7.53) (6.69)

where the variables are defined as QSEGG and QLEGG - quantity of small
and medium shell eggs, and large and extra large shell eggs,
respectively, NE = northeast, NC - north central, WE = west, BLK =
black, RUR = rural, LINC = log of income, HSQ - household size
squared, M65 = male > 65 years, F65 = female > 65 years, M45 = 45 <
male < 64 years, F45 = 45 < female < 64 years, M20 = 20 < male < 44
years, F20 = 20 < female < 44 years, M10 = 10 < male < 19 years, F10 =
10 < female < 19 years, CH59 = 5 < child < 9 years, CH04 = child < 4
years.

The regression results were used in the second step of the
procedure to estimate average household shell egg consumption with a
microanalytic simulation process. The regression results are assumed
to represent household consumption behavior for households with the
same characteristics. By knowing the distribution of population
characteristics for each market area from censuses or other sources,
the household unit with these characteristics is then simulated as
representative of this distribution. A large number of households of
different types are derived, which represent the sample population.
The distributions of the market areas' socioeconomic and demographic
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characteristics are incorporated into the model to simulate market
consumption. The varying effects of the parameter estimates
associated with the derived distributions are reflected in differences
in quantity in the defined markets.

Market Estimates 

The market estimates for shell eggs are derived for four census
regions and nine census divisions of the United States in 1983 (base
year) and projected to 1990 and 2000. The latter years are projected
by using the demand parameter estimates relationships used for 1983
estimates under the assumption they remain unchanged, and in
combination with projected estimates of the population characteristics
for 1990 and 2000.

In 1983, about 6,854 million pounds of shell eggs were consumed,
based on disappearance data, in the United States, or 29.4 pounds per
capita (USDA, 1984). Based on the United States aggregate quantity
for 1983 and the estimating procedure, aggregate and per capita demand
estimates are derived for the four census regions and nine census
divisions.

The estimated aggregated demand for shell eggs in United States
regions and divisions for 1983, 1990, and 2000 are shown in Table 6.

Table 6. Estimated Aggregate Quantity and Percent Distribution of
Shell Eggs by Market Level and Year, United States.

Year
Markets 1983 1990 2000 

mil. % of mil. % of mil. % of
Region/Division lbs. U.S. lbs. U.S. lbs. U.S.

Northeast/ 1,419.3 20.7 1,364.1 18.9 1,232.6 16.2
New England 354.2 5.2 353.0 4.9 342.4 4.5
Middle Atlantic 1,065.2 15.5 1,011.1 14.0 890.2 11.7

North Central/ 1,617.4 23.6 1,594.6 22.1 1,527.0 20.1
East N. Central 1,147.2 16.7 1,124.9 15.6 1,073.9 14.2
West N. Central 470.1 6.9 469.7 6.5 453.1 6.0

South/ 2,364.3 34.5 2,616.4 36.3 2,915.8 38.4
South Atlantic 1,182.7 17.3 1,316.4 18.3 1,497.7 19.7
East S. Central 446.6 6.5 468.5 6.5 488.8 6.4
West S. Central 735.1 10.7 831.4 11.5 929.3 12.2

West/ 1,453.0 21.2 1,639.9 22.7 1,916.6 25.2
Mountain 386.0 5.6 476.4 6.6 628.4 8.3
Pacific 1,067.0 15.6 1,163.4 16.1 1,288.2 17.0

United States 6,853.9 100.0 7,214.9 100.0 7,592.0 100.0
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Based on the linear trend between 1975 and 1983, the projected
aggregate quantity of total shell eggs is assumed to increase at the
same rate, increasing between 1983 and 1990 by about 5.3 percent and
between 1983 and 2000 by 10.8 percent. In 1983, the South represents
34.5 percent of total United States quantity of shell eggs, with the
Northeast, North Central, and West representing 20.7 percent, 23.6
percent and 21.2 percent, respectively. In the years 1990 and 2000,
the South and West are estimated to have an increasing share of the
total shell egg quantity, with a declining share in the other
regions. The difference in quantity between regions and between
divisions using the estimating procedures and attending assumptions
primarily reflects current and projected population changes.

The per capita quantity of shell eggs in the census regions and
divisions for 1983, 1990, and 2000 are presented in Table 7. The West
was estimated to have the highest per capita quantity of 31.6 pounds
in 1983, followed by the South, Northeast, and North Central in that
order. Per capita quantity in the United States is expected to
decline by 1.4 percent between 1983 and 1990 and by 2.1 percent
between 1990 and 2000. Between 1983 and 2000, the greatest decline
(2.4 pounds) in per capita quantity is expected to occur in the
Northeast region, with the smallest decline (0.5 pounds) occurring in
the South region. Considerable differences in per capita quantity
between divisions within their respective region are exhibited, with

Table 7. Estimated Per Capita Quantity and Percent Distribution of
Shell Eggs by Market Level and Year, United States.

Year
Markets 1983 1990 2000 
Region/Division lbs. % of U.S. lbs. % of U.S. lbs. % of U.S.

Northeast/ 29.0 98.6 28.2 97.3 26.6 93.6
New England 28.4 96.6 27.7 95.8 26.8 94.4
Middle Atlantic 29.2 99.3 28.3 97.9 26.5 93.3

North Central/ 27.3 92.7 26.5 91.4 25.6 90.1
East N. Central 27.4 93.1 26.6 91.7 25.8 90.8
West N. Central 27.0 91.8 26.3 90.7 25.1 88.3

South/ 30.0 102.0 29.9 103.2 29 ..5 103.9
South Atlantic 30.6 103.9 30.5 105.4 30.6 107.7
East S. Central 29.6 100.6 29.1 100.4 28.5 100.3
West S. Central 29.3 99.8 29.4 101.4 28.4 100.2

West/ 31.6 107.6 31.0 107.0 30.7 108.0
Mountain 31.0 105.3 30.9 106.6 31.2 109.9
Pacific 31.9 108.5 31.0 107.1 30.4 107.1

United States 29.4 100.0 29.0 100.0 28.4 100.0
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similar differences expected to remain to year 2000. Relative to the

United States average per capita quantity of shell egg in year 2000,

the West is expected to be 8 percent above the national average
whereas the Northeast is expected to be 6.4 percent below. These

changes are attributed to the changing characteristics of the
population within regions and divisions during the period from 1983 to

2000.

Implications and Conclusions

The estimation of market demand provides a difficult challenge for
economists because of the estimation problems and the reliance on some
tenuous assumptions. Nevertheless, the importance of defining markets
and deriving demand estimates for these markets has been indicated in

this discussion.

Agricultural policy which provides for an adequate supply of food
commodities is important. However, the efficient production,
processing and distribution of these commodities are dependent upon

the requirements of specific markets and estimates of the magnitude of

change in the requirements occurring over time. Thus, estimates of
national aggregate and per capita quantities do not explicitly reflect
changes occurring in regions, divisions, and lower levels of
geographic disaggregation. Furthermore, a framework is not provided
by which factors contributing to these changes can be assessed. While
some improved efficiency may be attributed to knowledge of the
parameters affecting food requirements at the national level, the
efficiency of firms operating on a market area by market area basis is
dependent on the extent of information available on each market for
which decisions are being made.

Some evidence of the importance of market requirement information
for the agribusiness sector has been set forth in this discussion. It
Is incumbent upon our profession to strive for improvement in the
development and transfer of information for decision-making in this
sector.
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