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Estimation and Spatial Delineation of Demand for Broiler Meat

Chung L. Huang and Robert Raunikar*

Since the early 1970's, American consumers nave changed their food

consumption patterns in response to sudden increases in food prices.

Also, shifts in demographic distributions ana increased awareness of
dietary concerns have significantly affected consumer's consumption of
food items. Changes in meat consumption patterns are most evident
among individual meat Product categories. During the past decade, per
capita beef consumption decreased from 113.5 pounds in 1970 to 104.4
pounds in 1982; pork consumption decreased from 72.6 pounds per capita
to 62.7 pounds; and lamb and mutton, and veal also follow the general
deckeasing consumption trend (USDA). In  contrast, per capita
consumption of poultry meat increased by 15.3 pounds during the
1970-82 period, offsetting most of the decline in red meat
consumption. Per capita consumption of broiler meat, in particular,
increased rapidly from 40.4 pounds in 1970 to 52.9 pounds in 1982,
accounting for over 80 percent of the increased consumption of poultry
meat.

Results of two recent surveys -— the Bureau of Labor Statistics
(BLS) 1972-73 Consumer Expenditure Diary Survey (CEDS) and the U.S.
Department of Agriculture (USDA) 1977-78 Nationwide Food Consumption
Survey (NFCS) — also reveal changes in U.S. household food

consumption patterns. The surveys suggest that, on a weekly basis,

*Chung L. Huang and Robert Raunikar are associate professor and
professor of Agricultural Economics, respectively., The University of
Georgia College of Agriculture Experiment Station, Georgia Station,
Experiment, Georgia.
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similar among several markets but the income distribution patterns may
be quite different and, hence, have a significant different effect on

the estimated aggregate market demand.

The objectives of this study are twofold. First, the study
identifies and measures effects of socioeconomic Characteristics and

changing income on consumer demand for broiler meat by product form.

Second, the study develops a procedure which incorporates the
distribution patterns of socioeconomic Characteristics within a
specified market area into the estimation of the market requirements
for broiler meat.

The Framework

To gain an overall perspective, the steps involved in the
estimation of market demand for broiler meat among  spatially
delineated market areas are depicted in Figure 1. Step 1 involves
regression analysis of the household consumption of broiler meat using
data collected from the 1977-78 USDA NFCS. Step 2 encompasses the
Process  of data generation wherein  input requirements  are
differentiated between parameter values and simulated exogenous
variable values. The parameter values are obtained by impTlementing
the first step. Other inputs to be used in the simulation process are
generated via a random number generation function based on population
Characteristics distribution obtained from the 198 Census of
Population. Finally, market demand estimates among  spatially
delineated market areas are derived from results of the previous steps.

Based on the regression results, a simulation Procedure is ysed to

predict the average household consumption of broiler meat by product
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form among specifieqd submarkets 1in the U.S. The market share of a

where MSij represents the market share of broiler Product j of
market {, ij s the average household consumption of broiler
Product j ip market i and Qi represents the average householq
consumption of tota] broiler produyct in market i, and NH; represents
the number of households ip market i, Given the domestic
disappearance and - the estimated market shares among the geographic
market areas, market demand for any specified area can be easily
obtained. Furthermore, @ consumption index is also Computed to
reflect the relative consumption position of a particular market as
Compared with the national average. The national average is computed
as a weighted average of al] Submarket dverages in the U.S.

In this study, the delineation of g€ographic market areas are by
state boundaries, Thus, the total u.s. market is répresented by the
50 states plys the District of CoTumbia. The demand for broiler meat
is defined in terms of two product forms, representing whole broilers

and broiler parts.

The Statistical Model

To implement the first objective of the study, a model of consumer
demand fop broiler meat is Postulated, The mode] follows the
conventional demand specification based on Cross-sectional analysis

(Haidacher et al.; Prais and Houthakker; Raunikar et &l.; Salathe).

However, analysis of Cross-sectional data often encounters the'problem
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that the dependent variable is censored normal. To account for tphe
underlying structure of a stochastic model 1in which the dependent

variable has some limited values, the model g specified as

Y. = X, . + e, i
(2) ; X1J 8 &, ifRHS > o
= () otherwise,

where Yj is quantity of broiler meat consumed by the jth

househo]d, X represents a3 set of socioeconomic characteristics

ij
associated with the jth househo1d, such  gas income, race,
urbanization, age-sex composition of the household members, 8 is an
unknown parameter vector; ang ej is a normally distributed random

disturbance.

the Timited dependent variable model, known as Tobit regression, is
used to estimate equation (2). an important Property of Tobit
regression is that it accounts for the fact that the dependent
variable is affected by both the size of nonlimit résponses and the
Probability of the occurance of such responses.

Results of Statistical Model

Estimation of the statistica] model of equation (2) ig based on
data obtained from the 1977-78  uspa NFCS. Household  at-home
consﬁmption of whole broilers and broiler parts are selected for this
analysis. The U,s. sampie consists of 10,964 households selected from
approximately 15,000 households that participated in the nationwide
survey. Nearly 25 Percent of the households surveyed were excluded

from the sample due to incomplete information reéported for household

income.




B T — 4 Termes s i .

A et g

R

247

Differences in broiler meat consumption among regions are evident
among sampled households. Average broiler meat consumption per
household per week dppears to be greater in the South and Northeast
regions than in the North Central and West regions. Consumption of
whole broilers accounts for about 55 percent of total broiler meat 1in
the Northeast region. In contrast, consumption 6f whole broiler meat
accounts for a greater proportion of total broiler meat consumption
among other regions, ranging from about 71 Peércent in the West to 78
percent in the South. The Northeast region appears to be j major
market for broiler parts as compared with other regions of the u.s.

Results of Tobit regression for whole broilers and broiler parts
dré presented in Table 1. In general, the results indicate that most
househo1d Characteristics exhipit significant impacts on broiler meat
consumption. The magnitudes of the coefficients associated with the
dge-sex composition variables indicate that greater impacts are
exerted by adults than Children and by male than female members of the
household unit. The coefficients of the dummy variables also suggest
significant differences existed 1in household consumption of broiler
meat among regions of the U.S., between black and nonblack households,
and between rural and nonrural residences.

Results suggest distinctive patterns between consumption of whole
broilers and broiler parts. Specifically, household income was found
to have 3 negative effect on consumption of whole broilers, but 3
positive effect on consumption of broiler parts. Similar findings
Were reported by Huang and Raunikar, and by Salathe using the 1972-73
BLS CEDS, and by Haidacher et aj. using the 1977-78 UspA NFCS data.
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of Household Consumption of Whole
Broilers and Broiler Parts, U.S. 1977-78,

—

Variable Whole broilers Broiler parts
Constant 0.756 ~7..762
Northeast -1.194 1.683

(-8.959)2 (11.799)

North Central -0.866 -0.635
(-6.655) (-4.024)

West -0.830 -0.233
(-5.547) (-1.350)

Black 2.485 0.680
(16.680) (3.856)

Rural 0.029 -1.241
(0.258) (-9.064)

Log (income) -0.574 0.418
(-7.774) (4.987)

Household size squared -0.072 -0.013
(-6.593) -(-1.026)

Male > 35 years 1.628 -0.189
(11.541) (-1.195)

Female > 35 years 1.947 0.443
(13.043) (2.687)

19 < Male < 34 years 1.410 0.115
(10.266) (0.749)

19 < Female < 34 years 1.313 0.397
(8.931) (2.447)

13 < Male < 18 years 1.338 0.093
(9.734) (0.581)

13 < Female < 18 years 1.260 0.517
(9.138) (3.234)

6 < Child < 12 years 1.371 0.364
(12.291) (2.909)

Child < 5 years 1.376 0.166
, (11.360) (1.211)

Numbers in parentheses are t

-ratios.
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Furthermore, the results imply that there are €Conomies of scaje
associated with consumption of whole broilers as household size

increases. In contrast, no significant economies of scale were found

on the consumption of broiler parts. it is 1nterestfng to note that
average household consumption of broiler parts tends tg increase

significant]y with the addition of female members rather than male

members in the household.

Microana?ytic Simulation

To satisfy the second step of the objective, a microana]ytic
Simulation Process was ysed to predict average household broiler meat
consumption within a specified geographic market area.l Amstutz
(pp. 112-13) defines 3 microanalytic simulation model as ogne that
"provides an integrated statement of that which is known and assumed
about actions, reéactions, and responses within the environment being
simulated, " He also distinguished several types of simulation
models. The model used in this study is simp1ist1c, econometric and
static.

Given the Statistical mode] of equation (2), the underlying
assumption s that the estimated Parameters convey the empirical

generalization of househo1ds consumption behayiop with regard to the

————

lSince the unconditiona] €xpected value of vy in equation (2) is
no longer equal to Xg in the case of Tobit estimator, the computation
of household broiler meat Consumption ig based on Y = XBF(z) +
of(z), which is the unconditional expected value of Y using Tobit
régression. Where Z = X8/, g ig the standard error of estimates from
regression, and f(z) and F(z) are the unit normal] density function and
Cumulative normal distribution, respectively,
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(il impacts of various socioeconomic characteristics of the sample
fi househoids. Hence, the resulting regression model states that

househo1d Consumption of a particular broiler meat s identical for

are known, the Procedure is tpep to simulate , househo1d unit with
certain characteristics according to the distributions of  the
Population characteristics within that market aregz,? Table 2
Provides ap €xample of 4 single pun results on simu]ating the
househo1d characteristics for the U, S. sample. The simulated results
are fairly close to the actual sample. As tpe Number of househo1d
being simulated increases, further improvement in the accuracy of the
results ip approximating the actya] sample would he €xpected. Ip the
study, a sample of s50p households s simulated for any given state
Market according tg the distribution of Population characteristics

within that Particular state,

he procedyre makes use of , random numpey énerator which draws
d numbher randomly from a uniform distribution OT range from o o, 1.

the argument of 4 uniform distributign function which denerates

random numpey between 0 ang L. Thus, if 8 is Tess than UNIFORM(YX),
then A g négative apg the househo 14 s assumed white ang hence, the
"aces variaple is assigned 4 value of 0. Otherwise, if A g

nonnegative, tpe household is assumed black ang the race variable is
assigned a valye of
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Table 2. Sample Statistics and Simulated Results of Household Socio-
economic Characteristics, U.5,

E Sampled SimulatedP

gﬁj Characteristics Mean  Min  Max Mean Min Max

;i Northeast region 028 .0 1 026 0 1
North Central region 0.24 0 1 0.2 9. 1
West region _ Q.17 9 | 0.16 0 1
Black 0.12 o | 1 0.07 o 1
Rural 0.28 0 . 1 0.24 0 1
Log (income) 9.27.  5.70 12 9.32 6.96 10.78
Household size 2.94 1 15 2.87 1 14
Male > 35 years 0.54 0 - 0.50 0 2 .
Female > 35 years 0.64 0 3 0.60 0 3 ;J
19 < Male < 34 years 0.3 0 4 .33 o 3
19 < Female < 34 years 0.39 0 4 - D47 -0 3 T
13 < Male < 18 years 0.19 0 4 .15 g 2
13 < Female < 18 years 0.18 0 5 0.23 0 5 ’ ‘
6 < Child < 12 years 0.38 0 6 0.32 0 5 i
Child < 5 years 0.28 0 5 0.27 0 3

|

ACompiled from the 1977-73 USDA Nationwide Food Consumption Survey, ' |

bBased on a single run with 100 simulated households.
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The re]iabiﬁty of the model's Performance is assessed by
&Xamining whether Successiye replications of a given System wing
Produce results Within acceptable Timits, Therefore, 4 sequentia]

estimatign Procedure 35 describeg in Fishman is employed, Fishman (p.

(3 k* w min e S¢ (Y) < ka /e g ]

and
SZ(Y)-( (Y5 - 7,)%) k1 Y -(gY)/k
. ) 151 I e =11

where k js the numbep of replications, ¢ 1% a User-specifieg Quantity

for a tolerance leve], and ‘ck 1,a COrresponds to the I-a/2 quantile
Td,

of  the Student t d'l'stribution with k-1 degree of freedom.

EssentiaHy, the Procedure s to collect one observation Yi at each

Suggested that

—

Prob(—Y-k*-d_.:_uiYk**'d)g_l—-a,

where is the true Populatign mean.  The Seéquentia] estimation not
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Evaluation of the Simulation Results

Given that the estimation Procedure is haseq on the tota] u.s.

sample, one woulq then be interested in examining how the mode]

geographic market areas. The performance of the model is evaluategq by
simulating household consumptioﬁ of whole broilers angd broiler Parts
for regional markets, i.e., Northeast, North Central, South and West,
Results of Predicting the regional broiler meat consumption are
summarized in Table 3. Regional consumption was simulated by app]ying
the regional socioeconomic and demographic characteristjcs
distributions as inputs into the mode], AppTying the stopping rule of
equation (3), the results indicate that in most Cases only two
replications are required. [p addition, the resulting estimates are
very similar regardless of the use of different random seedings ip the
simu]ﬁtion process.

Estimates of regiona] average broiler meat consumption based on
conventional dpproach are alsg Presented in Taple 3 for Purpose of

Comparisgn. These results are Computed by substituting the average

the relative magnitude of whole broilers tg broiler parts consumptigp

in the Northeast regional market,

Estimation of State Markets

[ Approximate?y 11,295 million Pounds of Chickens wera consumed i,
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Table 3, Sample Average and Simulated Regional Average Broiler Meat
Consumption, Pounds Per Househon, Per Weekd

Experiment 1€ Experiment 2
Simulation Simulation

Region/ b Non-

Broiler type Sample 1 g 1 2 simulated

Northeast ‘

Whole broilers L.172 d 1.053 1.063 1.065 1.082 0.920
(2.209)

Broiler parts 0.951 0.960 0.954 0.950 0.958 0.929
(1.802)

North Centrai

Whole broilers 1.193 1.175 1.183 1.167 1.172 1.045
(2.01)

Broiler parts 0.39 0.350 0.359 0.359 0.359 0.335
(1.19)

South

Whole broilers 1.713 1.704  1.73> 1.698 1.700 1.5723
(2.401)

Broiler parts 0.473 0.453  0.452 0.459  0.460 0.427
(1.270)

West .

Whole broilers 1.086 1.065 1,057 1.083 1.08s 0.961
(1.86)

Broiler parts (?'fi? 0.461 0.453 0.462 0.459 0.441

aSimu]ation results are based on sequential estimations with d=.25 and
‘I:-OSI .

dCompiled from the 1977-78 yspa Nationwide Food Consumption Survey,

CExperiments 1 and 2 simulate 1000 and 500 households per single run,
respectively, Simulations 1 and 2 differ only with respect to the use of
random numper seedings.

dNumbers in the Parentheses are standard deviations.
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there are no available data to Show how the total consumption of
broiler meat was d1str1buted by product form and by submarket areas,

either on a state or regional basis, Neither does the current data
indicate how per capita consumption of prgiler meat varies among
different market areas. Based on the procedure developed and

discussed in this study, estimates of aggregate and per capita demand

for broiler meat for 1980 were derived fop regional and state markets.

The estimated regional demand for broiler meat in the nine
subdivisions of the U.S. regional markets in '1980 is presented in
Table 4. The South accounted for 38.1 percent of total U.S. domestic
disappearance of broiler meat followed by the Northeast, North
Central, and West, accounting for 24.1 percent, 21.5 percent and 16.3
percent, respectively. The results are generally in agreement with
regional market estimates reported by Huang and Raunikar (1982) for
1979 of 38.0 percent, 25.6 percent, 21.0 percent, and 15.4 percent for
the South, Northeast, North Central, and West, respectively.

The South ranked first in whole broiler consumption, accounting
for 42.5 percent of the U.S. market demand for whole broilers. On the
other hand, the Northeast, the largest regional market for broiler
parts, accounted for 37.8 percent of the U.5. market demand for
broiler parts in 1980. The results suggest that, as might be
éxpected, the greatest proportion of bro1]er meat consumption occurs
in the South and Northeast where Dopu]at1on concentrations are high
relatively to other regions. For brevity, only estimated broiler meat
consumption for state markets in the North Central region are shown in

Figure 2. Averages of state market demand for broiler meat within
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Table 4, Estimated Broiler Meat Consumption in the Regional Markets,
U.5,, 1980.

Regional Market Whole Broilers Broiler Parts Total
————————— million pounds - - - - _ _ _ _
Northeast . 1,374.79 1,342.66 2,717.45
Division I 319.86 325.31 645.17
Division II 1,054.93 1,017.35 2,072.28
North Central 1,814.41 616.47 2,430.88
Division III 1,294.10 445,36 1,739.46
Division Iv 520.31 171.11 691.42
South 3,286.48 1,020.87 4,307.35
Oivision v 1,638.31 512,23 2,150.54
Division vI 656.88 181.91 838.79
Division VvII 991.29 326.73 1,318.02
West 1,263.43 575.89 1,839.32
Division VIII 330.32 140,49 470.81
Division IX 933.11 435.40 1,368.51
i
| Total 7,739.12 3,555.88 11,295.00
T‘ _
;i‘
!
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other regional subdivisions are also presented for purpose of
comparison. Comparing the estimated broiler meat consumption with
production among states in the North Central region indicate that each
state in the North Centra] region is a deficit state in broiler meat
Production and, hence, the entire North Central region showed a
deficit of broiler meat production over consumption in 1980.
[11inois, Ohio and Michigan are the largest broiler meat markets in
the North Central region. Total bro11er meat consumpt1on among these
three states accounted for about 55 percent of total broiler meat
consumed in the region whereas about 53 percent of the population in
the region resided within these three states in 1980.

Consumption indices on aggregate and per Capita bases for states
in the North Central region are presented in Table 5. Aggregate state
consumption indices vary from 5.0 for North Dakota to 104.6 for
[T1inois. The state consumption index reflects primarily the effects
of population density on total br011er meat consumption among the
states. Thus, a very populous state such as [11inois is estimated to
consume 4.6 percént more broiler meat than a weighted average
consumption for the U.S. Per capita consumption for states in the
North Central fegion in 1980 are estimated to be Tower than the U.S.
average. The per capita consumption index reflects the relative
position of per capita broiler meat consumption among states in the
North Central region as compared with the U.S. average.

Per capita consumption {ndex estimated by Raunikar et al. for 1965
is also shown in Table 5 for Purpose of comparison. [t is noted that

per capita consumption index for states in the North Central region
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7Tab]e 5. Estimated Aggregate and per Capita Broiler Meat Consumption Indices,
‘and Per Capita Consumption by Product Form in the North Central Region, U.5s,

Adgregate Per capita
to U.S. to U.S. to u.s., Whole Broiler
State average average average broilers parts Total
= - -Index (U.S. = 100)- - - - _ .. _._ Ibs.- - - - - _
1inois 104.6 85.7 94.0 31.4 11.5 42.9
Indiana 47.6 8l.2 85.0 30.4 10.2 40.6
Iowa 25.0 80.3 82.0 30.6 9.7 40.3
Kansas 20.3 80.3 85.0 29.7 10.5 40.2
Michigan 83.2 84.1 88.0 3l.7 10.4 42.1
Minnesota 3.9 77.8 - 82.0 29.1 9.9 39.0
Missouri 45.4 86.4 91.0 32.8 10.5 43.3
Nebraska 13.0 77.6 82.0 29.0 9.9 38.9
North Dakota 5.0 - 72.4 74.0 27.6 8.6 36.2
Ohio 98.8 85.6 88.0 32.1 10.8 42.9
South Dakota 5.6 75.4 -76.0 29.4 8.4 37.8
Wisconsin 38.6 - 76.8 82.0 28.7 9.8 38.5
Compiled from Raunikar et 3].
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are estimated to be lower in 1980 than in 1965. This suggest that
while per capita consumption among states in the North Central region
has been increasing over the Past decades, their rates of increase in
Per capita consumption of broiler meat have been relatively lower than
other states in the U.S. Results of this study indicate that per

Capita consumption of broiler meat in Missouriy, [179nois, Ohio and
Michigan are the highest among states in the North Centra] region.,
Similar results were shown in Raunikar et al.
Conclusion

The objective of the study was to develop estimates of broiler
meat demand for specified geographic markets in the U.S. for 1980..
Although projections of market demand to years beyond 1980 are of
definite interest, procedures to be used for demand projections have
not been completely developed. This  study utilizes available
information in 1980 as a benchmark to illustrate the procedure ysed
for development of demand estimates among spatially delineated markets.

The procedure necessary to develop estimates for the markets
required basic information on factors influencing demand and spatial
detail on the socioeconomic characteristics of the studied market
areas. Demand relationships were estimated based on the 1977-78 USDA
NFCS ‘data. Data on the population and Characteristics of the
Population were developed from the 1980 Census of Population.

Demarcations of the differing geographic markets were defined by
the 50 states plus the District of Columbia. Consumption indices for
broiler meat were estimated for each state to reflect the relative

consumption ‘position of each state as compared with the national




261

average. Results of the study suggest that considerable spatia]
variation in broiler meat consumption among states in the U.S. The
study shows that the North Centra] region is a deficit region in
broiler meat Production, and consumption of broiler meat among states
in the region were generally lower than the U.S. average.

Only limited information on broiler meat consumption is available
to examine the validity of the estimates presented in this study;
héwever, estimates from this study appear to be in agreement with
previous studies. It should be noted that results of this study are
subject to the limitation of data and estimation procedures. In
particular, since the analysis is based on Cross-sectional data of
household consumption and characteristics, factors such as supply and
price variations dreé not explicitly considered. Thus, it should be
emphasized that the study only provides insights with respect to
implications resulting from Changes in a fey key variables such as
income and population size and composition. Nevertheless, results of
the analysis provide additiona]l information and guidelines for
decision-makers concerning Production, processing and distribution of
broiler meat products, and development of marketing strategies for
Promoting broiler meat consumption among various spatial markets in
the U.S.
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