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OPTIMAL LOCATION OF THE 
U.S. BROILER INDUSTRY 
Edward H. Easterling, Curtis H. Braschler 
and John A. Kuehn 

INTRODUCTION 

The U.S. b r o l l e r  indust ry  has undergone 
profound changes i n  processes of product ion 
and loca t lon  of  product lon between 1955 and 
1985. A gradual s h i f t  from producers making 
t h e i r  o m  product lon and marketing decisions 
t o  contract  growers operat ing p r i m a r i l y  under 
the dec is ion a u t h o r i t y  of the processing 
sector o f  the  indus t ry  occurred dur ing t h i s  
period. A t  t he  same t ime product lon has 
gradual ly s h i f t e d  t o  the Southeast w i t h  
approximately 88% of  the  U.S. product lon now 
concentrated i n  a region frm the Delmarva 
Peninsula across a Southern t i e r  of states 
extending through Arkansas. 

I n s u f f i c i e n t  carbohydrate feed i s  produced 
i n  the South t o  susta in the current  l e v e l  o f  
b r o i l e r  production. Moreover, much of  the  
product lon i s  located long distances from 
populat ion centers and must be shipped a t  
considerable expense t o  those centers. 
Super f i c ia l l y .  i t would appear t h a t  economies 
could be achieved by loca t ing  product ion a t  
Closer prox imi ty  t o  consumption centers o r  t o  
feed g ra in  product ion areas. 

But the South has some advantages. 
H i s t o r i c a l l y .  Southern farmers have a long 
experience w i t h  b r o i l e r  production. Slow 
economic development and demise of  the  cot ton 
indust ry  forced farmers. p a r t i c u l a r l y  i n  
Georgia, Alabama, and Miss iss ipp i .  t o  seek 
a l te rna t i ve  a g r i c u l t u r a l  pursu i ts .  P a r t l y  
because of the  r a t e  o f  economic development i n  
the  South, wages and construct ion costs have 
remained below the nat ional  average. 

The major focus of t h i s  research centered 
on two major issues. The f i r s t  issue i s  
whether the  current  concentrat ion o f  b r o i l e r  
product ion i s  j u s t i f i e d  by cost considerat ions 
given the feed d e f i c i t  problem and the  necess- 
I t y  t o  sh ip the f in ished product r e l a t i v e l y  
long distances t o  populat ion consumption 
Centers. The second issue i s  the determina- 
t i o n  o f  the  changes i n  regional cost o f  
product lon t h a t  might provide economic incen- 
t i v e s  f o r  a major re loca t ion  o f  b r o i l e r  
product ion and processing t o  other  regions of  
the country. 

Feed t ranspor ta t ion  cost impacts the  l e a s t  
cost  l oca t ion  pa t te rn  o f  b r o i l e r  production. 
However, even as a d e f i c i t  feedstuf f  area, the  
South cu r ren t l y  appears t o  have other cost 
advantages t h a t  a l low f o r  r a i l  shipment of 

g ra in  i n t o  those areas and s t i l l  remain more 
than c o w e t i t i v e  w i t h  other  po ten t la l  areas of 
expansion inc lud ing  the North Central States. 

Speci f ic  ob ject ives o f  the study were t o  
determine from a l i n e a r  programning formula- 
t i o n :  

1 )  how c lose ly  the present loca t lon  o f  
b r o i l e r  product ion corresponds t o  an opt imal 
loca t ion  given current  overa l l  t ranspor tat lon.  
product ion and processing costs. 

2) how major changes i n  consumption. 
productlon, and t ranspor ta t lon  costs might 
b r ing  about an optimal rea l loca t ion  of  b r o i l e r  
product ion among p o t e n t i a l l y  a l te rna te  produc- 
ing  regions. 

3) cost di f ferences among the  product ion 
and consumption regions. 

TO evaluate the  loca t lon  of  the b r o l l e r  
i ndus t ry  i n  terms of  the  object ives ou t l i ned  
above and evaluate the  po ten t ia l  f o r  reloca- 
t i o n  among producing regions, a l i n e a r  pro- 
g raming  formulat ion was developed. This 
formulat ion was s i m i l a r  to. but  no t  the same 
as. t h a t  developed by Schrader and King (1) I n  
t h e i r  analysis of  the  loca t lon  of  beef c a t t l e  
feeding indust ry .  

OVERVIEY OF THE U.S. BROILER 
r~ 

Industry  and Study Framework i 

The b r o i l e r  i ndus t ry  was d iv ided i n t o  the  
fo l lowing four  sectors f o r  purposes of  t h i s  
study: 

1. Feed sector - The sector consisted of  
a corn and soybean meal category. B r o i l e r  
feed ra t ions  were assumed t o  be 70% corn and 
30% soybean meal. Production regions were the 
primary users of  l o c a l l y  produced corn and 
soybean meal. Under the i n i t i a l  assumption, 
25% of  the corn and 5WT o f  the soybean meal 
produced i n  each b r o i l e r  producing region were 
assumed t o  be ava i lab le  f o r  b r o l l e r  production. 

2. Production sector - The United States 
was d iv ided i n t o  11 producing and 4 po ten t la l  
producing regions ( t a b l e  1).  

3. Processing sector - The United States 
was d iv ided i n  the Same way as product ion 
because of  the  v e r t i c a l  i n tegra t ion  o f  the 
b r o l l e r  indust ry .  Production and processing 



are generally wi th in a radius of 25 miles 
(table 1). and 

4. Distr ibut ion sector - The United 
States was divided in to  18 consumptlon regions 
with respective d is t r ibut ion centers (table 2). 

The overall  assungtlons were: 

1. Technology was equivalent i n  each 
productlon ngion. 

2. Regional production constraints uere 
based on each region's processing capacity 
determined by the rider and size of process- 
in9 plants. These capacity constraints uere 
relaxed i n  _varying increments f o r  a nonnative 
detemfnation of an optimal locatlon pattern. 

3. Regional slaughter increases ware 
contingent on supplying broi lers a t  minimum 
production, processing and d ls t r ibut lon costs. 

4. The four potential producing regions 
were chosen to  a l l w  production and processing 
i n  the Worth Central Region where l i t t l e  or  no 
a c t i v i t y  i s  n w  occurring. Central points i n  
the North Central Region ware also chosen as 
assembly points f o r  the purpose of estimating 
feed s h l m n t  costs. Thls delineation was t o  
detennine i f  economies could be achieved by 
locating b ro i l e r  productlon and processing i n  
close proximity t o  surplus feed producing 
reglons (table 1). 

5. The mdel  allowed feed t o  be shipped 
between surplus and d e f i c i t  regions a t  f ixed 
transport costs. Since i t  was assumed that a 
maxlrmm of 25% of a region's corn and 50% of 
I t s  production o f  soybean meal were u t i l i zed  
f o r  bo i le r  production before the exports or  
Imports of the tw feed ingredients occurred. 
the level of b ro l l e r  productlon interacted 
with the local  feed supply i n  i n i t i a l  determi- 
nation of feed d e f i c i t  o r  surplus production- 
processing regions. This simply says that an 
overall  optimal solution of the model was 
required under a given set o f  assuaptions 
before the feed surplus-deficit posit ion of 
each region was determinable. Extremes under 
conditions a t  the time of t h i s  study ware 
Wine with no internal  feed supply and Alabama 
and Arkansas with a t o t a l  soybean crushing 
capacity 70% i n  excess o f  that  needed for 
the i r  current b ro i l e r  production. 

6. Transport d istr ibut ion costs fo r  
processed broi lers were determined for the 
wholesale level. and d is t r ibut ion centers uere 
chosen f o r  the 8 population regions (table 
2). The chosen d ls t r ibut lon centers were as 
close t o  the geographic center of the consump- 
t i o n  regions as possible and represented a 
major metropolitan center i n  each of the con- 
sumption regions. 

7 .  Demand was assunsd constant i n  a l l  
consumption regions with equivalent per capita 
consumption. Equivalent holnogenous product 

was assusd for a11 Production-processing 
regions. 

8. International exports and i l po r t s  o f  
brol lers w r a  ignored and a l l  output was 
consumed domestically. 

9. Costs of hatching and breeder f lock 
costs were the same i n  a l l  productlon-process- 
Ing regions. 

10. Potential b ro i l e r  producers were 
available i n  a l l  processing regions. Act iv i ty  
i n  a part icular region depended upon the 
b ro l l e r  processors' location as the vert ical  
integrator. Contract p a m n t s  t o  g w r s  were 
based on the average received 'in each produc- 
t i o n  region. 

Broi ler  Production-Processing 
and Feed U t i l i za t i on  Frarwork 

The b ro i l e r  industry i s  ver t ica l ly  i n t b  
grated. The structure of th i s  industry 1s 
such that  the processor i s  the primary decis- 
ion maker deteninlng the location of the 
individual production-processing conplex. 
Thls i s  consistent wi th the Brlapyer defi- 
n i t i on  of vert ical  integration as 'the exer- 
c ise by a single f i n  of  control over a 
product a t  two or m r e  contiguous stages i n  
marketingm (2). 

The developrrnt of conf inepnt productlon 
technology with acconpanylng econmies of size 
gradually evolved the current coordinated 
system which i n  turn induced very strong 
centralization. For Instance, an integrator's 
productlon f a c i l i t i e s  (arned or contracted) 
were generally no m r e  than 25 miles frm the 
processing plant. Therefore. th i s  central i- 
zation allowed designation of specif ic points 
throughout the United States where production 
and processing costs 
productlon and processl locations a n  
referred t o  as b ro i l e r  pmdu 5 i on  differ centers. These 

The United States was divided in to  11 
production centers and 4 potential centers. 
I n  order t o  analyze the potential f o r  locating 
production i n  the North Central Regions, 4 
centers were at-bi t rar i ly  chosen t o  represent 
production points. It w s  assumed that  these 
points ware adequately distr ibuted t o  rep* 
sent potential production areas that  b ro i l e r  
integrators w u l d  consider because o f  proxiin- 
i t y  t o  feed grains and t o  the population 
centers. 

Specific production-processing cost and 
feed u t i l i za t i on  paramaterr included the 
following: 

1. A l l  costs associated with production 
and processing were detenined on the basis of 
1.000 brollers. Four pound H V O  ~ i 9 b t  
broi lers ware used and b ro i l e r  dressing 
percentage was specified 75%. Thus. 1,000 
broi lers would produce 3.OW pounds of dressed 
broi lers for  d is t r ibut ion t o  consunption. 



2. Production costs include a p a m n t  t o  
g m w r s  and costs f o r  gas (or o i l ) ,  and 
e lec t r ic i ty .  Processing costs include the 
average hourly w e  and u t i l i t i e s  (3). 

3. Regional production estlnates f o r  
soybean meal and corn f o r  1982 were obtained 
from the Bureau of Census and Agricultural 
s ta t is t ics ,  respectively. Regional surplus 
and d e f i c l t  estlnates were calculated f o r  the 
1980s location pattern. 

4. Because o f  competing uses. each o f  
the current 11 major productlon-processing 
ngions could d i f f e r  i n  the ava i l ab i l i t y  o f  
loca l ly  produced corn and soybean meal f o r  
bro i le r  production. Ava i lab i l i ty  percentages 
w n  varied by incraaonts from 100 t o  50 t o  25 
t o  0% of local prcductlon of these feedstuffs 
available f o r  m 3 a n a l  b ro i l e r  production. 

5. Locally produced feed was priced 
un i fomly  across regions and charged a trans- 
port  cost of $2.00 per ton fo r  internal 
regional feed usage. The 11 major pmduction- 
processing regions irq~orted necessary feed 
requirrnents f ron any o f  the four North 
Central potential b ro i l e r  producing centers a t  
ftxed rate transport charges. This configura- 
t i on  of regional feed production and u t i l l za -  
t i on  f o r  bro i le r  production was designed f o r  
evaluation of the econaic conditions needed 
t o  provide economic incentive f o r  relocation 
o f  bro l le r  production in to  grain surplus areas. 

6. Rail rates fo r  soybean ma1 and corn 
transport between feed surplus and d e f i c i t  
regions were obtained frm the 1982 Wyb i l l .  
These s ta t is t ics  were furnished by the U.S. 
Ocmrtmnt of Transportation (4). 

7. Rail rates f o r  each area were based 
on an average of shipments from the Corn Bel t  
t o  11 b ro l l e r  production centers. 

8. I f  W y b i l l  s ta t i s t i cs  were not 
available because of l i t t l e  movement between 
areas, es t imted r a i l  rates were provided by 
USOA-Aprlcultural Stabi l izat ion and Conserva- 
t i on  Service. 

The d is t r ibut ion o f  broi lers uas evaluated 
on the basis o f  costs o f  shipment t o  uholesale 
m e e t s .  hs indicated earl ier. 18 consunption 
regions were delineated with a specif ic c i t y  
as the d is t r ibut ion center fo r  a mspective 
region (tabla 2). Allowances were made f o r  
unequal spatial d is t r ibut ion of population i n  
the selectton of w l o n a l  centers. Population 
estimates were obtained from the Bureau of 
census (5). 

Specific panaterr  of d is t r ibut ion conpon- 
ent of the mdel  were: 

1. Per capita consunption was the salm 
i n  a l l  regions so tha t  to ta l  regional demand 
was determined by u l t l p l y i n g  per capita 
consuption e s t i a t e s  by the regional popula- 
t ion. 

2. Distances from consumption and 
production centers wen detennined from a, Rand 
ncWaiiy Atlas. 

3. Shipment costs between production and 
consuwtlon regions were detenined per 1.000 
pounds ready t o  cook bro i le rs  by using a 
$1.1602 cost per mile f o r  a 35,000 pound truck 
load. 

Overview of  the W e 1  

The mathematical nodel chosen f o r  t h i s  
analysis can best be described as a generaliz- 
ed d is t r ibut ion model along the l ines discuss- 
ed by Rohdy (6). This mdel  i s  an extension 
of the transportation node1 and the standard 
l inear programing formulation and deternines 
slaultaneously the optimal (cost m i n i m )  
source of raw nater ia ls (feed products of corn 
and soybean meal). prgduction and processing 
location o f  intermediate product, and d l s t r l -  
bution of the product t o  consuming regions. 

I n  t h l s  analysls regional consuner demand 
i s  assumed t o  be the overall  exogenous vari- 
able. Processing reglons supply the consuming 
regions so as t o  minimize overall  t o t a l  costs 
of the following: 

1) transportatlon o f  the ready-to-cook 
bro l le r  from processing reglons t o  consuming 
regions; 2) processing; 3) production; 4) 
transportation of corn and soybean meal from 
feed surplus t o  feed de f i c i t  reglons. 

The re la t ive  importance of location t o  
various cost and perfomnee factors are 
l i s ted  i n  table 3. 

There are four nterrelated parts of the 
nodel. The bro i le r  % p oduction and processing 
sections are structured t o  sat is fy  the consum- 
er  demand constraints and are a standard 
l inear programing formulation. The two 
transportation sections were formulated t o  
supply consuming reglons with finished pro- 
ducts and t o  supply producing nglons with 
suf f ic ient  feed t o  produce the finished 
product. 

ANALYSIS AN0 RESULTS 

The programing fo rm la t ion  of the bro i le r  
production, processing and d ls t r lbut ion system 
compares 1982 conformity of the existing 
industry t o  an optimal production and process- 
ing al location of regional industry output. 
This i s  subsequently referred t o  as the 
control solution. Thus, the present s i tuat ion 
was conpared with the normative or  control 
solution i n  terns of changes i n  aggregate 
production percentages. Several scenarios 
were evaluated i n  which individual variables 
were changed and the model solved fo r  an 
optlnal cost solution. These results a m  
discussed i n  t h i s  section. 

I n  evaluating the results of t h l s  analysis 
and the i r  i ~ l i c a t l o n .  It should be kept i n  
mind that  nany factors affect the location and 
structure o f  the bro i le r  industry. Results of 





demand. The mest Coast feed d e f i c i t  problm 
m y  be offset by i ~ r o v e d  transportation 
technology l w r i n g  the transport costs of Edward H. Easterllng. Curtis H. Braschler and 
corn and soybean meal from the grain surplus John A. Kuehn were Research Assistant. Pro- 
regions t o  Yest Cost b ro i l e r  producers. fessor of Agricultural Econmics. Econmlst. 

USDA-ERS and- Associate Professor ' o f  ~ g r i c u l -  
5. Local feed sva l l ab i l i t y  had the tu ra l  Econmics, respectively, Unlverslty o f  

lamest i m a c t  on reallocation of b ro i l e r  Mssourl-Columbia a t  the time of t h i s  studv. 
p d u c t l o n  from the Southeast t o  the North 
Central and West producing regions o f  any of 
the factors evaluated. The quantity of corn 
and soybean ma1 available fo r  b ro i l e r  produc- 
t i o n  was based on an es t lm te  of the region's 
t o t a l  production of each product. Thus, the 
larger the regional production of feedstuffs. 
the less the change i n  percentage o f  feed 
assumed t o  be available for  local productlon 
w u l d  a f fec t  the overall  posit ion of the 
region i n  producing broi lers competitively. 
I n  several cases, regional output of broi lers 
was restr icted t o  the constraints of local  
feed available. As local  feed supplies were 
depleted, fur ther increases i n  t o t a l  b ro i l e r  
production w u l d  s h i f t  t o  other regions. 

6. Energy costs were of re la t ive ly  minor 
Inportance i n  detenlning the optimal location 
of the b ro i l e r  industry. Even t r i p l i n g  energy 
costs would resul t  i n  only minor sh i f t s  of 
bro i le r  production t o  the North Central 
Region. Some production, however. would s h i f t  
t o  the West Coast. 

7. Major sh i f ts  o f  b ro i l e r  output w i l l  
not l i k e l y  resul t  f m  projected changes i n  
regional population or per capita consumption 
patterns. Major sh i f t s  induced by consumption 
are unlikely t o  a f fec t  potential b ro i l e r  
production i n  the feed surplus areas barring 
unforeseen cost of production increases i n  the 
South. 
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Table 1. Broi ler  production regions and centers. 1982. 

Region Center ~ r c d u c t i o n ~  
1,000 lbs  - X - 

Delaware. Pennsylvania. Maryland 
Virginia. West Virginia - 
Shenandoah valley 
North Carolina 
6eorgla. South Carolina, Florida 
Southeast Tennessee 
Alabama 
Misrissippi 
Northwest Aeansas. Southwest 
Hssour i  
Louisiana, Texas. Southern Arkasnas 
California 
Washington. Oregon 

Harrisonburg. Va. 
Charlotte. N.C. 

Atlanta. 6a. 
Huntsville, Ala. 
Jackson, Miss. 

Fayetteville. Ark. 

Potential Production Region% 

12.  isc cons in. linnesota St. Paul, Mlnn. 100.518 .9 
13. I l l i n o i s .  Ioya, i l lssouri Oes Woines. I w a  2.690 .O 
14. Indiana. Ohio, Michigan Fort Wayne. Ind. 48.112 .4 
15. Ohio Colullbus. Ohio 9 

Total 11.967.196 100.0 
a. Ready-to-cook basis. 
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Table 2. States. consumption centers, and percentage o f  United States' population. 1980, 1990 and 
20w. 

Ponulation 
Consumption 

Stat. center 1980 1990 2M)Q 
- - - - - - - - - - - - % - - - - - - - - - -  

Maine 
Neu  Haqshire 
V e m n t  
hssachusetts Boston 5.5 5.2 4.9 
Connecticut 
Rhode Island 

Delaware 
h ry land  
Virginia 
nost Virginia 
uashlngton, O.C. 

Wsu York 
nw Jersey 

~ o r t h  Carolina 
South Carollna 

Georgia 
Alabsna 

Pennsylvania 
Florida 
Michigan 
Ohio 

Charlotte 

Atlanta 

Pittsburgh 

Orlando 

Detroit 

Wisconsin 
I l l i n o i s  
Indiana 

Chicago 

Kentucky 
Tennessee 
Arkansas 
Mississippi 

Wissourl 
Nebraska 
Kansas 

Minnesota 
IGna 
North Dakota 
South Dakota 
Oklahona 
Texas 
Louisiana 

Kansas c i t y  3.9 

Minneapolis 3.7 

Dallas 

B i l l ings montdna 
Idaho 
Yy-1 ng 
Colorado 
Hew Mexico 

Denver 

Utah Salt Lake 
c i t y  2.2 

Nevada 
A r i  zona 

California San Francisco 10.5 

Washington 
Oregon Portland 3.0 3.4 

Total 100.0 100.0 1W.Q 

Source: Bureau o f  Census. PC-1-Al. Apr i l  1983. 




