


This study focuses on factors affecting the regional location of 
cattle feeding. Briefly stated, these factors include the regional de­
mand for beef, transfer costs for carcass beef and for the interme­
diate products of feeds and feeder cattle, feed conversion efficiency 
by region, and regional supplies of the intermediate products of 
concentrate feed, hay, and feeder cattle. The study is a partial 
equilibrium approach to the location of feedlots, taking as given 
the location of production of other livestock products. 

A competitive equilibrium model was developed for analyzing 
the location of cattle feeding for a 20-region breakdown of the 
United States for the 1957-58 feeding year. A linear programming 
technique was utilized to quantify the model. The solution gen­
erated provides the spatial distribution of cattle feeding by region, 
the pattern of interregional shipments of intermediate products 
and of carcass beef, a set of equilibrium prices for beef, and im­
puted prices for intermediate products by region. 

Four models were quantified to test alternative model specifica­
tions as to feedlot nonfeed costs, regional feed conversion efficiency, 
and regional demand for beef. Results indicate no simple rules for 
location of cattle feeding, but rather stress the importance of con­
sidering the interrelationships among the major variables such as 
the regional demand for beef, regional intermediate product sup­
ply, regional feed conversion efficiency, and transfer costs for the 
intermediate products and for carcass beef. 
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Regional Location of Cattle Feeding-A 
Spatial Equilibrium Analysis1 

I N T R O D U C T I O N 
THE LOCATION of feedlots in various re­
gions of the country depends on a set 
of interdependent relationships in the 
feed-livestock economy. In the aggre­
gate, these relationships involve re­
gional demand for livestock products, 
production functions for livestock prod­
ucts and intermediate goods such as 
feeds and feeder cattle, regional avail­
ability of factors of production, and 
transfer cost functions for both prod­
ucts and intermediate products which 
tie regions together in a spatial equi­
librium sense. An analysis of one seg­
ment of the livestock complex, such as 
cattle feeding, requires simplifying 
assumptions as to other related segments 
of the feed-livestock economy. 

Approximately one-half of the beef 
supply in the United States is obtained 
from cattle that are feedlot finished. 
Other sources include cull dairy ani­
mals, cull beef animals, grass-fattened 
cattle, and imported meat. The basic 
functions of the feedlot finishing are 
the conversion of feedstuffs into meat 
and improvement in the grade of the 
meat. Feedlot finishing also tends to 
even out the supply of cattle moving 
from producing areas to meet the sea­
sonal demand for meat. This may be ac­

complished by varying the length of the 
feeding period and the associated con­
centrate—roughage ratio in the ration. 
The feedlot finishing of beef cattle may 
be considered as a production activity 
requiring three major variable inputs: 
feeder cattle, feed concentrates, and 
hay or other roughages. Feedlot opera­
tions vary from farm feeding of cattle, 
mainly on home-grown feeds, to large 
commercial feedlots with all major in­
puts shipped into the area. 

Feedlot operators compete with pro­
ducers of other livestock and poultry 
producers for feed supplies. With given 
regional demands for livestock prod­
ucts, the regional production of the vari­
ous products depends on the region's 
competitive advantage in livestock and 
other agricultural products. Although a 
complex interrelated system is recog­
nized for the optimum location of all 
livestock production, the present study 
is a partial equilibrium approach to the 
location of feedlots, taking as "given" 
the location of production of other live­
stock products. 

This study2 is concerned primarily 
with the development and application 
of a spatial equilibrium model to deter­
mine the "optimum" location of feed-

1 Submitted for publication November 9, 1962. 
2 This study reports, in part, research undertaken under Western Regional Research Project 

WM-37, Economics of Transportation of Livestock and Meats in the Western Region, under 
authority of the Agricultural Marketing Act of 1946. The initial model of this study was pre­
sented in a dissertation "A Spatial Equilibrium Analysis of Cattle Feeding in the United States," 
submitted by L. F . Schrader to the Graduate Division, University of California, May 1961, and 
an abbreviated statement of methodology and results were reported by Schrader and King 
(1962). Other aspects of the problem are based on subsequent analyses by the senior author. 
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lots under specified conditions as to 
feeder cattle location, feed supplies, 
nonfeed costs of feedlot operations, and 
feed conversion efficiency by region, 
given regional demand and transfer cost 
functions. The specific objectives are: 
(1) to present a framework for the 

analysis of interregional competition for 
the case where (a) both intermediate 
products, such as feed and feeders, and 
product may be shipped among regions 
and (b) where alternative production 
activities are specified for conversion of 
intermediate products into the final 
product; (2) to apply the model to the 
analysis of the location of cattle feeding 
operations in the United States; (3) to 
determine the effect on location of modi­
fying assumptions of the model as to 
nonfeed costs and feeding efficiency; (4) 
and to appraise the possible effect of 
other factors such as economies of scale 

THEORETICAL CONSIDERATIONS 
The basic determinants of location of 

economic activity include regional en­
dowment of natural resources, produc­
tion functions for intermediate and final 
products, transfer cost functions, and 
the demand functions for the products. 
Theoretically, a spatial equilibrium so­
lution to the location of production can 
be derived with given regional levels 
of resource and factor availability, tech­
nology, transfer costs, and demand. Also 
derived are the associated flows of prod­
ucts and intermediate products among 
regions consistent with equilibrium 
prices for the final products. The theo­
retical basis for a spatial general equi­
librium model was developed by Lef eber 
(1958)3 and presented in a program­
ming framework. This model incorpo­
rates into neoclassical production analy­
sis the assumption of discrete location 
points and equilibrium conditions for 
the transportation inputs required for 
shipment of intermediate and final 

in feedlot operations on location. This 
analysis should contribute to the basic 
methodology that can be applied in 
studies of interregional competition, 
especially for those types of production 
activities which require consideration 
of shipments of both raw materials and 
products. It also provides the quantifi­
cation of the effect of factors influenc­
ing location of feedlot facilities. Al­
though more refined data are required 
for feed conversion efficiency by region, 
demand functions by region, and other 
input data, the study should be of meth­
odological value to the industry in plan­
ning location of facilities for the pro­
duction and processing of beef, an item 
that will be of increased relative im­
portance in the average U.S. diet of an 
economy with rising levels of income 
and with changing food consumption 
preferences. 

products among regions. I t builds on the 
previous work of location theorists and 
other economists concerned with general 
equilibrium theory and with the intro­
duction of spatial aspects into economic 
analysis. The development by Lefeber 
has proved particularly helpful in speci­
fying the present model which is, how­
ever, a partial equilibrium analysis. 

Location theorists have broadened the 
pioneering analysis of Thunen (1930 
ed.) in his study of the effect of trans­
portation on the composition of agri­
cultural production in a uniformly fer­
tile plain surrounding a single market. 
He emphasized the competition among 
various types of agricultural products 
and their relative ability to pay land 
rent, thus determining the pattern of 
land use. In contrast, Weber (1909) 
placed major emphasis on the location 
of the individual firm and (Lefeber, 
1958, p. 3) "is credited with being the 
first to attempt the analysis of the choice 
of industrial location in terms of trans-

FRAMEWORK OF ANALYSIS 

3 See "Literature Cited," pages 415-16. 
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port costs, wages, and raw material 
prices. His analytical approach, how­
ever, did not yield an adequate economic 
theory; and it was E. M. Hoover (1937) 
who combined the relevant Weberian 
analysis with the contemporary notions 
embodied in the theory of the firm and 
partial equilibrium analysis." Other im­
portant contributions have been made 
to the theory of location of agricultural 
production by Dunn (1944) in broad­
ening the Thunen approach and by 
Losch (1944) and Isard (1956) in mov­
ing toward an integration of Walrasian 
general equilibrium theory which ig­
nored location aspects and location 
theory. 

In addition to the contributions made 
by location theorists, Lefeber (1958, p. 
6) notes the developments due to "those 
neoclassical economists who gave their 
attention to the problem of introduc­
ing transportation into economic analy­
sis." The contributions of Samuelson 
(1952), Baumöl (1952), and Koopmans 
and Beckmann (1957) are important in 
development of spatial equilibrium 
analysis, especially in stating such prob­
lems in a programming formulation. 
This theoretical approach has proved to 
be of considerable value in applied re­
search. The point-trading models, such 
as developed by Samuelson for a single 
product partial equilibrium model, as­
sume a given fixed number of discrete 
location points rather than the continu­
ous plane of location sites common to the 
development of location theorists such 
as Hoover, for example. However, a 

model of discrete location points would 
provide a solution approaching that ob­
tained from a model assuming a con­
tinuous plane of location sites as the 
number of points is increased.* 

The partial equilibrium analysis for 
a single product as developed by Sam­
uelson (1952) provides the basic frame­
work for the present model, although 
refinements are introduced to allow for 
shipment of intermediate goods and for 
specification of alternative production 
activities rather than introduction of a 
supply curve for the product as such. 
The single-product case will be outlined 
briefly to provide a point of departure 
for discussion of the modification intro­
duced. 

The spatial equilibrium model for a 
single product involves the following 
problem (Samuelson, 1952). We are 
given at each of two or more locations 
a demand and supply curve for a prod­
uct and the transportation costs for 
shipping the product between any pair 
of regions. What will be the equilibrium 
level of prices in all markets, the amount 
supplied and demanded at each location, 
and the quantity shipped between re­
gions? Equilibrium conditions are illus­
trated in figure 1 for the two-region case. 
In region 1, the supply curve is indi­
cated as #i and in region 2 as S2. Given 
demand relationships Dx and Z>2, and 
with no trade between the two regions, 
the equilibrium price in region 1 is Pi 
and in region 2 is P2. These are points 
where the supply and demand curves 
in each market just meet, or where the 

*As Isard (1956, pp. 168-169) points out: " I f excess supply functions could be derived for 
each infinitesimally small area of the world and if the Samuelson-Beckman formulation could be 
considered relevant and adequate and could yield a quantitative solution, then the location prob­
lem would be solved. Corresponding to each infinitesimally small area, there would be a unique 
scale of output (zero or positive amount of production) such as Enke obtains for each region in 
his more limited model. We would then have our geographic distribution of production. Theo­
retically, both the location and transportation patterns would be derived simultaneously. 

"In practice, however, the Samuelson-Beckmann formulation ignores a number of basic loca-
tional forces, as Beckmann fully recognizes, and more important is not now able, and is not likely 
in the future to be able to yield a quantitative solution for every infinitesimally small area. I t is 
at this juncture that location theory makes its contribution. For location theory seeks principles 
to narrow down, and greatly narrow down the number of points to be considered as potential 
locations for the production of any given commodity. Once a relatively small number of produc­
tion points or regions are isolated, the Enke-Samuelson-Beckmann formulation may offer a more 
efficient approach to the determination of the resulting geographic flows of commodities." 
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Quantity 

Quantity 

Region 2 Reg ion 1 
Fig. 1. Hypothetical two-region model illustrating the determination of equilibrium market 

prices and shipment pattern with given supply and demand curves. 

excess-supply functions ES± and ES2— 
which equal the demand curve sub­
tracted laterally at every price from the 
supply curve—are at their respective 
zero values. 

The product can be shipped from re­
gion 1 to 2 for T12 dollars per ton, and 
from region 2 to 1 for T21 dollars per 
ton. Since the pre-trade price is lower 
in region 1 than in 2, trade flows only 
from 1 to 2 and T12 is the relevant trans­
portation cost. Since the initial differ­
ence in prices exceeds the transportation 
cost, shipments are made from region 
1 to 2; and at equilibrium, P2 exceeds 
Pi by the amount of T12. For this rea­
son, the axes of region 1 are displaced 
relative to those of region 2 by the dis­
tance representing T12. The new equi­
librium price under interregional trade 
flows is established at OC where the ex­
cess-supply function of region 1 (ES^ 
intersects the excess-supply function of 

region 2 (ES2). Under these conditions, 
region 1 ships quantity Ex to region 2 
to fulfill the excess demand (ED2). The 
price in region 2 equals the price in re­
gion 1 plus the transportation costs, or 
P2-P1 + T12. The two-region case may 
be generalized to the multi-region situ­
ation, and the problem stated in a linear 
programming framework. 

Empirical studies using this model 
have treated supply in one of three 
ways. First, product supply has been 
considered to be predetermined with re­
gional supply functions perfectly inelas­
tic at specified quantities. Henry and 
Bishop's (1957) study of the broiler in­
dustry illustrates the general approach 
using a transportation model.5 Judge 
and Wallace's (1959) study of beef il­
lustrates the spatial equilibrium formu­
lation employing demand functions and 
inelastic supply functions. 

A second approach has been to de-
5 For a discussion of the nature of the transportation model, see Dorf man, Samuelson, and 

Solow (1958) or other well-known texts covering linear programming and related techniques. 
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velop cost of production data by region 
and proceed to minimize the combined 
transportation and production costs in 
meeting regional demand. This ap­
proach was used by Henderson (1958) 
in an analysis of the efficiency of the coal 
industry; by Snodgrass and French 
(1958) in a study of the dairy industry; 
and by Dennis and Sammet (1961) in 
one model employed in an analysis of 
the strawberry industry. I t is generally 
assumed that the costs of labor and 
other inputs do not vary with the level 
of regional production. This appears to 
be reasonable for changes in production 
of items that are of relatively minor im­
portance in the economy of any given 
region. A supply function is generated 
that is perfectly elastic at the estimated 
cost level. 

A third approach, illustrated in the 
Fox-Taeuber (1955) analysis for the 
feed-livestock economy considers a joint 
equilibrium for the intermediate prod­
uct (feed) and the final product (live­
stock). For each region, functions were 
specified for the demand and supply of 
livestock and the demand and supply 
of feed. Production of feed was assumed 
to be predetermined, with the resulting 
inelastic supply function. The model 
was solved using two linear programs; 
one for feed prices and shipments and 
the other for livestock prices and ship­
ments. The solution procedure was to 
take a particular set of [assumed] 
values for the unknowns in the livestock 
market and solve the feed problem ; then 
taking the feed prices and quantities as 
given, solve the livestock problem, and 
so on until a simultaneous solution of 
equilibrium prices and shipments was 
obtained. This was eased by the nature 
of the supply function for livestock 
which expressed quantity as a function 
of the price of livestock and the price of 
feed. 

The model by Fox and Taeuber illus­
trates that for certain types of produc­
tion where the shipments of intermedi­
ate products must be considered in de­
termining the location of production, it 

is necessary to introduce additional con­
siderations into the one-product model. 
The Lefeber model of spatial general 
equilibrium illustrates that it is possible 
to introduce the shipment of interme­
diate products into a single linear pro­
gramming framework (Lefeber, 1958, 
p. 111). His model specifies linear ho­
mogeneous production functions for all 
products with given fixed production co­
efficients. Thus, there is a unique com­
bination of factors used in the produc­
tion of each good. In the present model, 
it is desirable to consider alternative 
combinations of factors. Dorfman, 
Samuelson, and Solow (1958) indicate 
that in a general equilibrium model, it 
is possible to maintain equilibrium con­
ditions with the introduction of alterna­
tive production processes for each prod­
uct. They note that although the intro­
duction of alternative production proc­
esses does introduce additional consid­
erations, the model "comes out very 
much like the Walras-Cassel model . . . 
(Dorfman et al., 1958, p. 356. See also 
pp. 346-81). 

The present model may be character­
ized as a partial equilibrium analysis 
that specifies alternative production 
processes for the conversion of interme­
diate products into final product. Equi­
librium flows are obtained for the prod­
uct and for the intermediate products. 
The theoretical approach thus follows 
the model of Lefeber but introduces al­
ternative production processes. A de­
mand function is used rather than given 
regional prices, following the study by 
Judge and Wallace. The basic problem 
faced parallels that of Fox and Taeuber 
although here a partial equilibrium 
analysis of one segment of the feed-live­
stock economy is analyzed. The model 
of feedlot location is specified in detail 
in the following section. 

A MODEL OF LOCATION 
The location of feedlots in various 

regions of the country depends on a set 
of interdependent relationships, espe­
cially in the feed-livestock economy. In 
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the aggregate, these relationships in­
volve regional demand for various live­
stock products; production functions 
for livestock products and for interme­
diate goods such as feeds and feeder 
cattle; regional availability of factors 
of production; and transfer cost func­
tions for both products and intermedi­
ate products that tie regions together in 
a spatial equilibrium sense. The analy­
sis of the location of a particular indus­
try, such as f eedlot operations, is under­
taken in a partial equilibrium frame­
work and thus does not trace through 
the effects of changes in feedlot location 
on the related segments of the feed-live­
stock economy. Further, this model is 
static and relates to cattle marketed 
from feedlots for a single year, 1958. A 
20-region breakdown of the United 
States is used. The model does not allow 
for seasonal demand conditions or sea­
sonal availability of feed and feeder cat­
tle, although these factors could be in­
corporated into the model. The model 
used in analyzing the location of feed-
lots is specified next. 

Assume there exists a fixed number 
of points that may be taken to represent 
regional production and consumption 
centers. Each point represents an area 
with given quantities of factors such as 
land, labor, and capital which are as­
sumed to be available at given cost levels 
for feedlot operations. Further, each re­
gion has available given quantities of 
intermediate products—namely, feeder 
cattle, feed concentrates, and hay or 
other roughages—which are available 
for feedlot finishing of beef in that re­
gion or for shipment to other regions. 
Similarly, slaughter weight cattle or 
meat can be shipped from producing re­
gions (which are to be determined in the 
model) to meet regional levels of de­
mand for beef as specified in the demand 
functions. Transfer functions are given 
which specify the unit cost of shipping 
intermediate products and the final 

β Determination of the accuracy of this assu 
regional differences in slaughtering plant costs, 
products as well. 

products among regions. Production ac­
tivities are specified which relate input 
requirements per unit of output in the 
production of slaughter weight cattle. 
The problem is to determine that re­
gional organization of cattle feeding, 
intermediate and final product ship­
ment pattern, and beef prices that 
would result under competitive condi­
tions. 

The model thus requires specifications 
as to: (1) the regional availability of 
factors; (2) the production process for 
conversion of intermediate products 
into meat; (3) the regional demand for 
beef; and (4) the transfer costs for in­
termediate products and final products. 
Two other aspects of the model may be 
noted briefly. 

Slightly over one-half of the beef con­
sumed comes from sources other than 
feedlots. This includes grass-fat cattle, 
cull animals both from dairy and beef 
stock, as well as imports of meat and 
slaughter cattle. In this partial equi­
librium approach, the regional supply 
of beef that is not f eedlot finished, which 
will be referred to as nonfed beef, is 
taken as predetermined at estimated 
1957-58 levels with that supply inde­
pendent of feeding operations. Nonfed 
beef is considered to be a direct substi­
tute for fed beef, to meet the demand 
for beef both within the region and for 
shipment to other regions in three of the 
models to be discussed. A distinction be­
tween fed and nonfed beef is intro­
duced, however, in the fourth model to 
test the validity of this specification. 

The second aspect relates to slaughter 
costs and location. "We assume that 
slaughtering cost equals by-product 
value in all regions.6 Thus, the supply 
of slaughtering services is treated as 
perfectly elastic at the price represented 
by the by-product values. The location 
of slaughter plants at consuming cen­
ters or at f eedlot locations then will de­
pend on the relative rail rates for 

mption would involve consideration not only of 
but the markets and transportation costs for by-
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slaughter animals and meat. Transfer 
cost functions, as calculated, always 
favored meat shipments, and thus 
slaughter plants are specified at f eedlot 
locations. The location of plants near 
feeding areas is consistent with the 
trend towards decentralized slaughter 
locations. 

Regional Availability of Factors 
Supply functions for feeder calves. 

The location of the basic breeding herds 
(beef cows two years old and over) is 
taken as predetermined, and thus the re­
gional supply of feeder calves also is 
given for a particular year. Further, 
we assume that there are no differences 
in the quality of the cattle, and that 
feeders are of a uniform weight of 650 
pounds at these production regions. 
This, of course, abstracts from reality 
in that there may be important differ­
ences in the weights at which calves are 
shipped out of a region and sold. For 
example, lighter-weight animals may be 
shipped from mountain regions and 
used as stockers to take advantage of 
seasonal range available in areas such 
as the western coastal areas, or the use 
of pasture and other roughage supplies, 
such as sugar beet tops, in various re­
gions of the country. Also, the quality 
of feeder cattle is taken as an average 
quality and this may bias results from 
one section of the country to another. 

It is argued that the location of the 
beef cow herds may be taken as given 
with their location primarily deter­
mined by the availability of range and 
pasture lands for which little alterna­
tive use exists. Thus, the breeding herds 
are located in relation to resources such 
as rangeland from which the flow of 
product may be measured in terms of 
animal units of grazing. In general, the 
output is nontransportable. Thus, 
breeding herds are located to utilize the 
nontransportable resource flow. 

The cattle feeder does compete for 
feeder cattle in a sense with producers 
requiring replacement stock. However, 
if the model is nondynamic in the sense 

of disregarding cyclical buildups and 
depletions of breeding herds, a fixed 
percentage of the calf crop may be as­
sumed as available for sale, in this case 
as yearlings. 

Supply function of feed concen­
trates and roughage. The production 
of feed concentrates and roughages pro­
duced on cropland is considered as pre­
determined for a particular year, the 
time horizon of this analysis. The stocks 
at the beginning of the year also are 
given quantities. Thus, the supply func­
tion for all feed is inelastic. Feeds 
within the feed concentrate group are 
considered perfect substitutes in terms 
of net energy, and the same assumption 
is made for feeds within the roughage 
category. 

The demand for feeds for industrial 
use, end-of-year carryover, and for live­
stock other than cattle fed in feedlots is 
assumed as given by region. This as­
sumption, one of the most limiting of 
the analysis, is required if the partial 
analysis of f eedlot cattle is to be under­
taken. The model could be enlarged to 
specify production functions for all 
types of livestock and a more satisfac­
tory theoretical framework obtained for 
an analysis of the feed-livestock econ­
omy. However, this analysis allows for 
tests of alternative specifications as to 
the feedlot operations which are re­
quired under the present knowledge of 
production coefficients, demand func­
tion coefficients, and transportation co­
efficients. This assumption implies that 
other segments of the livestock economy 
are in relative-equilibrium and that ad­
justments are most apt to take place in 
the location of feeding—providing the 
results indicate locations other than cur­
rently found. What justification can be 
offered for the reasonableness of this 
specification? 

The location of cattle feeding is less 
clear-cut than for the production of 
milk for fluid use or the production of 
hogs, for example. Milk production for 
fluid use tends to be market oriented 
whereas hog production tends to be feed 
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source oriented. This may be illustrated 
as follows: 

1. Determine the pounds of feed concen­
trates required per 100 pounds of 
product. 

2. Determine the ratio of transfer cost per 
100 pounds of product to the transfer 
cost per 100 pounds of concentrates. 

3. If item (1) exceeds (2) , production will 
tend to be feed-source oriented; if the 
reverse is true, production will tend to 
be market oriented. 

A ranking of livestock products, as re­
ported by King (1961, p. 13) indicates 
that production as to feed-source orien­
tation would be as follows: hog produc­
tion, especially if product shipped as 
fresh pork rather than live animals; 
butter production; broiler production; 
eggs shipped 500 miles or less. Market-
oriented production would include eggs, 
if shipments of 1,000 miles are required, 
and fluid milk production. This analysis 
considered shipments of concentrates 
only, and for this specification, produc­
tion of feedlot cattle and shipments of 
carcass beef rather than live animals 
would rank lower than butter produc­
tion in its feed-source orientation. The 
fact that feeder cattle as well as rough­
age also are transportable prompted the 
more complete analysis of location at­
tempted here. The model takes as given 
the livestock production levels for other 
than feedlot produced beef. Thus, from 
the regional supply functions for feed, 
we subtract the quantity that is fed to 
livestock other than feeder cattle, used 
industrially, or used as end-of-year 
stocks.7 

Supply functions of other inputs. 
The regional level of feeding is not con­
sidered of significant magnitude to ma­
terially affect prices for such inputs as 
labor; building materials, fuel and 
power, mineral feeds, and other minor 
factors used in feedlot operations. Feed-
lot requirements for land, as contrasted 
to most agricultural production, are of 
minor importance. Thus in the model, 

land, labor, and capital are not consid­
ered as limiting factors in determining 
location. 

The Production Process 
Production activities are specified re­

lating the quantity of the intermediate 
products of feeder cattle, feed concen­
trates, and roughage to output of 
slaughter-weight cattle. The weight of 
feeder cattle is standardized to a 650-
pound animal of uniform quality, and 
feed inputs are in units of net energy. 
Nine feeding activities differing as to 
the level of weight gain and concentrate-
roughage ratio are specified for each re­
gion. Feed conversion efficiency differ­
ences among regions were introduced in 
some models, based on reported feeding 
trial data. 

Nonfeed costs in feedlot operations 
are specified for each of the production 
activities. Within a region, these costs 
differ among production activities de­
pending upon the time required for 
gain. For example, the time required 
for a given gain will be longer for a 
ration consisting of a low concentrate-
roughage ratio than for a ration with a 
high concentrate-roughage ratio. The 
level of nonfeed costs varies among re­
gions depending upon the type of lot 
required (shelter needed in some areas) 
and the wage costs. No economies of 
scale in f eedlots are considered ; that is, 
the nonfeed costs are taken to represent 
a long-run average cost point. 

The production function facing the 
region is taken to be linear and homoge­
neous. This implies that for any propor­
tional increase in the number of f eedlots 
operating in a region, there will be a 
proportional increase in the factor re­
quirements. The number of cattle fed in 
a region is determined simultaneously 
with the equilibrium flow of factors 
determined in the model, rather than 
among regions, with given demand levels 
and transportation cost functions. The 

7 This may result in negative quantities available in some regions. This does not introduce 
complications in the model, except that before shipments can be made for production of beef, the 
deficit shipments must be met. 
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cost of feeding in a region thus will be Demand for Beef 
determined in the model, rather than The quantity of beef consumed in 
determined on the basis of existing costs, each region is specified as a function of 
as was done in the Dennis-Sammet price, population, and per capita in-
(1961) model. come. No account is taken of supplies or 
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1 feedlot locations 
/ feed supply 

V V L2>/ / ty * 

F 2 ^ 

Region 2 

Relationships 

Region 1 
feedlot locations 

-X_fcxtx 

L l 

Relationships 

yfeedlot locations 
/ feed supply 

\S^J 
^ ^ ' 

Region 1 

Fig. 2. Basis for model intermarket price relationship for final product (meat) and 
for intermediate products (illustrated for feed) for a two-region case. 
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prices of other meats, and no distinction for intraregional transfer costs. Thus, 
is made between beef from feedlot fin- market prices between trading areas 
ishing and from other sources.8 will differ by interregional transfer cost 

(tx
12) less intraregional transfer cost 

Transfer Costs ( ^ ) o r p 2 = P 1 + (¿*12 - ¿ ^ ) . The de-
Each region is represented by a cen- rived price facing feedlot operators in 

tral point used for calculating transfer the two regions also will differ by this 
costs between regions. Feedlot locations net interregional transfer cost. 
and slaughter plants are assumed to be Intermediate product transfer costs 
located identically. On the basis of com- between regions are represented by rail 
parisons of derived interregional rail costs minus within-region truck costs. 
transfer costs, shipments are assumed The use of net transfer costs thus evalu-
to be as meat rather than as slaughter- ates the relative ability of surplus or 
weight animals. Intraregional transfer deficit regions to bid for feed or feeder 
costs, based on truck costs, are allowed supplies at the feedlot location. Feed 
for by assuming standard average dis- concentrates, for example, are assumed 
tances of feeding locations from the rep- to be available within a distance of 25 
resentative central points. This is illus- miles of the feedlot site, as illustrated in 
trated in figure 2, section A, for product figure 2, section B. Using a similar ar-
shipments. The feedlot location is as- gument as for product shipment, the 
sumed to be at a point 50 miles from the price of feed received by a corn pro-
central point in each region, indicated ducer located at point F1 is determined 
as Lx and L2 for the respective regions, by the relative bidding power of the 
A feedlot operator in surplus-producing feedlot operators located at points Lt 
region 1, located at Ll9 is faced with the and L2. In equilibrium with factor ship-
alternative of shipment within the re- ment, the price of corn at feedlot loca-
gion (market price Pi less within-region tion ¿ i will differ from that of feedlot 
truck transfer cost t*lx) or shipment to location L2 by the net interregional 
another region (market price P2 less in- transfer cost (i«"12) where *νΊ2 = i n ­
terregional transfer cost t*12). In the tvn> Prices at the producer level for 
model, within- or between-region trans- grain (Fly F2) will also differ by this 
fer costs are deducted from market cost difference.9 

prices to obtain net prices facing feedlot 
operators in the various regions. MATHEMATiCAL MODEL 

This adjustment for product ship- The regional availability of the inter­
ments represents a slight adjustment mediate products of feeder cattle, feed 
from the point-trading model to allow concentrates and roughage is considered 

8 One model developed in this report specifies equal proportions of fed and nonfed beef, by 
region. 

9 To illustrate, if corn shipments are made from region 1 to region 2 with cattle feeding in 
both regions, we may express the interrelationships among prices at Llf L2} F1 and F2. Assume 
the following values : the price of corn per bushel at L2 equals 130 cents ; intraregional transfer 
costs (tv

n or tv
22) equal 6 cents per bushel; transfer cost from region 1 to 2 (ty

t2) equals 30 cents. 
Prices at various locations are as follows : 

LOCATION PRICE ( C E N T S PER B U S H E L ) 

Grain deficit area : 
feedlot L2 130 
grain producer F, 124 = L2 - P22 = 1 3 0 - 6 

Grain surplus area : 
grain producer F, 100 = L2 - P12 = 130 - 30 
feedlot L, 106 = Ft + «»„ = 100 + 6 

Difference : 
feedlots L2 - Lx 24 
grain producers F2-Fr 24 
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TABLE 1 
NOTATION RELATING TO LOCATION MODEL 

Item 

Quantity available in region i. . 

Quantity produced in region i. . 

Quantity used or demanded in i 

Quantity shipped from i to j . . . 

Transfer cost per unit shipped* 

Price at slaugher plant in region 
i for carcass beef shipped to 
region j 

Intermediate products 

Feeder cattle 

Wi 

Wi 

Wa 

ta"' 

Cone, feed 

Yi 

Yi 

Ya 

Ujy' 

Roughage 

Zi 

Z» 

Zij 

tii>' 

Beef 

F e d 

AY 

Nonfed 

Xi 

Total 

Σ Xa 

Xii 

tij* 

Pin 

* Net transfer costs for intermediate product (taw' = Ujw — tuw) and gross transfer costs for carcass beef. 
t Pa = Pj — tijx where Pj is price at market location. The slaughter plant location is specified at the feedlot location 

in this model. 

to be predetermined. The notation used 
in describing these and other variables 
of the model is summarized in table 1 
with a few exceptions to be noted. 
Transfer costs per unit of final product 
or intermediate product are a function 
of distance shipped and considered not 
to be influenced by the volume shipped. 
The terminology used in describing the 
production process and the demand for 
beef will be noted next, followed by a 
mathematical statement of the problem. 

The production relation between beef 
produced and factor use, from which 
production activities are specified, is as 
follows: 

X'i = f(W\ Y\ Z{) 

The nonfeed costs per head fed vary 
with the ration fed, the length of time 
on feed, and among regions with the 
labor and construction specifications, 
and are related to the following: 

ql - nonfeed costs per head per day 
in region i 

Di - number of days on feed in re­
gion i 

where 

u% J\wi9 W 

The demand for beef may be ex­
pressed as follows: 

Xji — f \*h *i> Ni) 
where 

Pi - price of carcass beef in region i 
Ii = per capita income in region i 
Ni - population in region i. 
The problem is to determine the re­

gional organization of cattle feeding, 
product and factor shipment and beef 
prices that would result from perfectly 
competitive behavior under the assump­
tions of the model. Since a demand func­
tion is used, the solution of the problem 
is obtained by specifying an initial set 
of regional beef prices, maximizing the 
value of the final product minus the cost 
of transfer of factors and product sub­
ject to certain restraints, and then using 
an iterative process to bring regional 
prices and quantities consumed into 
equilibrium. The function to be maxi­
mized may be expressed as follows: 
Maximize 

Σ Σ XiiPu - Σ Σ Witä 
i j i j 

i j i j 

- Σ WDM 
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subject to: 
(1) Relation governing shipments 

and production of beef:—The shipment 
from any one region to itself and to 
other regions must equal the nonfed 
beef plus fed beef produced; or 

where 
2~t x»¿ ~ ^ t 4- x% 

Xi = f(w\ r , zl) 
(2) Supply relations governing the 

distribution of factors:—The quantity 
of factors used in any region is equal to 
or less than that available in the region 
plus inshipments less outshipments; or 

o ^ w* ^ Wi + Σ Wji - Σ wiS 
3 3 

0 g Y* ^ Yi+ Σ Y a - Σ WH 
3 3 

o * z< ^ Zi+ Σ Zu - Σ ZÍJ 
3 3 

0 £ Xih Wij, Za . 
(3) Equilibrium condition in the re­

gional beef market:—The shipments of 
beef to a particular region, including 
shipments from that region itself, must 
be consistent with the regional set of 
prices; or 

Σ Xa = X'i = f(Pi, h, Ni) 
3 

where X / ' is the quantity of beef con­
sumed in region i under a given set of 
prices. 

The equilibrium solution is thus ob­
tained when the specified set of prices 
for beef are consistent with the equi­
librium prices, and similarly for the 
quantity of beef consumed. 

LINEAR PROGRAMMING 
FORMULATION 

The linear programming formulation 
of this problem includes 100 equations 

and 1,416 activities. Equations are re­
quired for each of 20 regions for 5 types 
of data; namely, nonfeedlot beef avail­
ability (Xi), requirements and avail­
ability of feeder cattle (Wi), concen­
trates (Yi) and roughages (-£*), and 
feedlot beef (X'i) . The 1,416 activities 
are as follows: 

meat shipments (X»;) 20 origins x 
20 destinations = 400 

feeding activities (V%j) 9 activities 
x 20 regions = 180 

factor shipments (excluding intrare­
gional shipments)10 

feeder cattle ( twUj ) 20 origins x 20 
destinations = 400 - 20 

concentrates (tv'u) 11 origins10 x 20 
destinations = 220 - 11 

roughages (tz'n) 13 origins10 x 20 
destinations = 260 - 13. 

The programming format of the prob­
lem is illustrated in table 2 for a simpli­
fied two-region case with only 2 feeding 
activities for each region.11 Beef require­
ments for region 1 may be met by avail­
ability of nonfed beef (Xi), or fed beef 
(ΧΊ) produced in the region or shipped 
in from the other region (X2i). Produc­
tion of feedlot beef in region 1 is ob­
tained either from feeding activity 
(Χ'ια) or from activity (ΧΊ&). The fac­
tor requirements per unit of production 
using activity X ' l a include feedlot non-
feed costs (#ia); feeder calves (Wla); 
feed concentrates (yla) ; and roughage 
(zia), and similarly for activity X'1&. 
Data in column b0 relate to the availa­
bility of factors (W%, Yi, Z%) ; and the 
quantity of total beef (Xi") consistent 
with the regional prices for beef (Pj). 
As a set of beef prices is changed in suc­
cessive runs of the problem, the quantity 
data for feed beef (Xi") are also 
changed to be consistent with the de­
mand function. 

The numbers represented by Ï7» (i = 1, 
io γοτ regions that are deficit in feed concentrates and/or roughages, transportation costs for 

outshipments are irrelevant. 
11 This presentation is adapted from that given by Lefeber (1958) for a model specifying pro­

duction of several products whereas the present model specifies nine possible production activities 
for the production of one product. 
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2, . . . , 10) in table 2 are shadow prices 
generated from the corresponding dual 
problem. The following interpretation 
may be placed on these numbers. Ut and 
Z72 are imputed prices for beef at slaugh­
ter plant (and feedlot) locations in the 
first and second regions, respectively. 
When a final solution has been reached 
they will correspond exactly to the 
prices used in the objective function. 
Prices imputed to feeder cattle deliv­
ered to the feeding location are repre­
sented by Z73 and Z74. Similarly U5, U6, 
U7, and Z78 represent prices of feeds at 
the feeding location. Since the supplies 
of factors are given and fixed, the prices 
are rents—each in accord with the fac­
tor's marginal value product. U9 and 
U10 represent the difference between the 
prices appearing in the objective func­
tion (i.e., ? n , P22) and the prices im-

REGIONAL DEMARCATION 
No accepted criteria are available for 

the breakdown of a geographic area into 
regions and, thus, the procedure is 
largely subjective. However, the partic­
ular breakdown selected may affect the 
results considerably. The detail ac­
quired through a finer breakdown must 
be weighed against the fact that the 
computational burden increases approx­
imately with the square of the number 
of regions. Twenty regions were con­
sidered a practical maximum and the 
demarcation was made accordingly. 

The criteria considered in making the 
breakdown include: consideration of 
natural barriers to transportation; 
availability of data (generally whole 
states) ; expected commodity moves 
were east-west and, therefore, north-
south boundaries seemed more flexible; 
homogeneity of agricultural produc­
tion; shipping distances between adja­
cent regions should be about equal; re­
gions should coincide with population 
and factor-producing concentrations ; 
the study is oriented toward adjustment 
problems in the western states. 

puted to beef (Ul9 U2) in regions 1 and 
2, respectively. As successive applica­
tions of the program approach an equi­
librium solution, these numbers (Z79, 
ϋιο) approach zero. 

In some cases the quantity of one or 
both of the feeds available for beef feed­
ing may in fact be negative. The appli­
cation of the model is not affected in 
any way. The size of the final model 
may be calculated from inspection of 
the sample problem shown in table 2. 
There are 5 n equations and 4 n2 + 
(k-3)n where n is the number of re­
gions and k is the number of activities 
used to represent the production proc­
ess. The actual problem involves some­
what fewer activities because activities 
involving shipments of factors from 
deficit regions are omitted. They would 
not be included in an optimum solution. 

It is apparent that not all the above 
criteria may be met in a 20-region break­
down. The actual breakdown then is a 
compromise among them. I t was also 
necessary to select a set of shipping 
points to represent the regions selected. 
Ideally, a different point in the region 
would be selected to represent the "cen­
ter of gravity'' for each commodity rep­
resented in the model. In the interest of 
simplifying the task, only one point is 
used for each region. These points were 
selected central to the concentration of 
population, cattle, and feed production. 
The regions and shipping points se­
lected are shown in figure 3. 

REGIONAL FEED SUPPLY 
Concentrates 

The regional use of feed concentrates 
other than for beef cattle feeding is con­
sidered as predetermined for the year 
beginning October 1, 1957. Further, all 
feeds are assumed to be directly substi-
tutable in terms of net energy. The sup­
ply variable used in the analysis equals 
the regional supply of feed concentrates 
(as defined below) minus the regional 

BASIC DATA AND FUNCTIONAL RELATIONSHIPS 
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Region A r e a inc luded 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 

19 

2 0 

W a s h i n g t o n - O r e g o n 
N o r t h e r n C a l i f o r n i a 
S o u t h e r n C a l i f o r n i a 
Nevada 
I d a h o - U t a h 

A r i z o n a 
M o n t a n a - Wyoming 
C o l o r a d o 
New Mexico 
Nor th Dako ta -Sou th Dakota 

N e b r a s k a - K a n s a s 
O k l a h o m a - T e x a s 
M i n n e s o t a - W i s c o n s i n 
I o w a - I l l i n o i s - M i s s o u r i 

-v ̂ V ^ V . \ \ 1 

-^Ρ*3ΕΤ> 
_/o 

} ° *^^\8\ 
\o \ 1 

C e n t r a l poin t 

P o r t l a n d , O r e g o n 
M o d e s t o , C a l i f o r n i a 
B r a w l e y , C a l i f o r n i a 
F a l l ó n , Nevada 
Twin F a l l s , Idaho 

P h o e n i x , A r i z o n a 1 
B i l l i n g s , Montana 1 
D e n v e r , C o l o r a d o 1 
A l b u q u e r q u e , New Mex ico 1 
A b e r d e e n , South Dakota 1 

L inco ln , N e b r a s k a 1 
F o r t Wor th , T e x a s 
M i n n e a p o l i s , M i n n e s o t a 1 
D a v e n p o r t , Iowa 1 

A r k a n s a s - L o u i s i a n a - M i s s i s s i p p i - A l a b a m a J a c k s o n , M i s s i s s i p p i 1 

Mic higan - Ind iana - Ohio 
K e n t u c k y - T e n n e s s e e - W e s t V i r g i n i a 
M a i n e - N e w H a m p s h i r e - V e r m o n t - N e w 

F o r t Wayne , Ind iana 1 
N a s h v i l l e , T e n n e s s e e 1 

Y o r k -
C o n n e c t i c u t - M a s s a c h u s e t t s - R h o d e I s l a n d - | 
P e n n s y l v a n i a - N e w J e r s e y - M a r y l a n d -
D e l a w a r e - D i s t r i c t of C o l u m b i a 
V i r g i n i a - N o r t h C a r o l i n a - G e o r g i a -
South C a r o l i n a 
F l o r i d a 

S c r a n t o n , P e n n s y l v a n i a 1 

C h a r l o t t e , Nor th C a r o l i n a 1 
T a m p a , F l o r i d a 1 

Fig. 3. Begions and central points used in location model. 
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TABLE 3 
REGIONAL CONCENTRATE AVAILABILITY EXPRESSED IN T E R M S OF N E T ENERGY 

AND CORN EQUIVALENT 
(For year beginning October 1, 1957) 

Region 

t 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

Uni ted Sta tes 

Avai lable for 
all l ivestock* 

F e d to livestock 
o ther t h a n 
beef cat t le f 

Avai lable for beef ca t t le in t e r m s of: 

Ne t energy 

1,000 therms 

1,312,856 
2,803,583 
1,196,094 

11,184 
1,703,756 

776,980 
1,982,126 
2,386,074 

377,578 
12,492,642 

21,047,230 
8,229,340 

27,185,157 
68,093,540 
3,811,247 

26,569,850 
6,339,754 
5,365,422 
8,000,213 

709,789 

200,394,415 

2,512,328 
3,688,048 
2,551,003 

109,837 
1,497,496 

284,648 
986,986 

1,000,909 
312,494 

6,205,017 

9,552,725 
7,838,649 

21,506,394 
48,238,554 
9,970,415 

20,723,612 
8,152,690 

19,371,534 
14,722,799 
1,953,861 

181,179,999 

- 1,199,472 
- 884,465 
- 1,354,909 

98,653 
206,260 

492,332 
995,140 

1,385,165 
65,084 

6,287,625 

11,494,505 
390,691 

5,678,763 
19,854,986 

- 6,159,168 

5,846,238 
- 1,812,936 
-14,006,112 
- 6,722,586 
- 1,244,072 

19,214,416 

Corn equ iva len t Î 

1,000 tons 

- 749 
- 552 
- 846 

62 
129 

307 
621 
865 

41 
3,925 

7,175 
244 

3,545 
12,394 

- 3,845 

3,649 
- 1,132 
- 8,743 
- 4,196 
- 777 

11,994 

* See Appendix A for basic data and conversion from tons to net energy. 
t Based on concentrate use as reported by King (1961) and converted to net energy assuming 1,547 therms per ton, 

the weighted average content of concentrate feeds fed in 1957-58. 
t Converted on the basis of 1,602 therms per ton. 

use of concentrates other than for cat­
tle feeding. Regional supply of feed con­
centrates is defined here as beginning-
year stocks plus production plus for­
eign imports to relevant regions. Re­
gional use of feed concentrates other 
than for cattle feeding is the sum of 
quantities fed to livestock other than 
cattle on feed, foreign exports, indus­
trial, food and seed uses, and year-
ending stocks. The difference between 
regional use (including that for cattle 
on feed) and regional supply is ac­
counted for in interregional shipments 
of feed concentrates. The basis for quan­
tifying the supply variables is a study 
by King (1961) of the supply and dis­
tribution of feed concentrates in 1957-
58. 

The quantity of concentrate feed 
available for all livestock and for beef 
cattle feeding, the variable used in this 
study, is shown in table 3 expressed in 
terms of net energy. For nine regions, 
the net availability of concentrates is 
shown as a negative quantity. This oc­
curs in regions for which interregional 
concentrate shipments are required to 
meet the actual feed used other than for 
beef cattle feeding. From a computa­
tional point of view, this means that 
shipments must be made to satisfy these 
deficits before additional quantities may 
be shipped to that region for the pro­
duction of beef. From a theoretical view, 
it implies that uses other than cattle 
feeding would have first claim on avail­
able feed supplies both intra- and inter-
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TABLE 4 
REGIONAL ROUGHAGE AVAILABILITY EXPRESSED IN TERMS OF N E T ENERGY 

AND ALFALFA H A Y EQUIVALENT* 
(For year beginning October 1, 1957) 

Region 

1. 
2 
3 
4 
5 

6. . . 
7 
8 
9 

10 

11 
12 . 
13 
14 
15 

16 
17 
18. 
19 
20 

Avai lable for 
all l ivestock 

Fed to livestock 
other t h a n 
beef cattlef 

Avai lable for feeder cat t le in t e rms of: 

Ne t energy 

1,000 therms 

3,127,846 
4,469,062 
1,334,968 

485,636 
4,014,526 

827,792 
3,343,820 
3,400,648 

581,792 
8,424,556 

11,298,384 
5,397,022 

18,682,314 
15,854,326 
3,275,412 

10,448,044 
4,717,054 

14,513,880 
3,840,424 

200,786 

118,238,292 

3,533,450 
4,513,797 
1,266,449 

436,428 
3,827,635 

471,181 
3,544,765 
2,062,526 

431,579 
7,451,604 

8,604,097 
4,401,457 

17,804,646 
14,954,125 
3,367,769 

10,139,677 
5,688,112 

13,289,233 
5,302,600 

277,213 

111,368,343 

- 405,604 
- 44,735 

68,519 
49,208 

186,891 

356,611 
- 200,945 

1,338,122 
150,213 
972,952 

2,694,287 
995,565 
877,668 
900,201 

- 92,357 

308,367 
- 971,058 

1,224,647 
-1 ,462 ,176 
- 76,427 

6,869,949 

Alfalfa hay 
e q u i v a l e n t ! 

1,000 tons 

- 499 5 
- 55.1 

84.4 
60.6 

230.2 

439.2 
- 247.5 

1,647.9 
185.0 

1,198.2 

3,318.0 
1,226.0 
1,080.8 
1,108.6 

- 113.7 

379.7 
- 1 , 1 9 5 . 9 

1,508.2 
- 1 , 8 0 0 . 7 
- 94.1 

8,460.3 

* The basic data on availability and use are presented in Appendix A. 
t Converted on the basis of 812 therms per ton. 

regionally. This may tend to bias the 
results toward a feed-source orientation 
of feedlot operations. 

Roughage 
The supply of roughages available for 

beef cattle feeding by regions was esti­
mated by essentially the same method 
as described for concentrates. However, 
the basic data on hay and forage pro­
duction and the quality variation are 
such that less reliance can be placed 
in these estimates. Regional supply of 
roughage includes total hay production 
(adjusted for stock changes) less quan­
tity of alfalfa used in meal production; 
sorghum forage, cottonseed hulls; and 
grass silage fed. These quantities were 

converted to net energy expressed in 
therms. Regional use of roughage was 
estimated on the basis of sketchy in­
formation. Roughage feeding rates in 
terms of the hay equivalent of quanti­
ties fed to milk cows during the winter 
feeding season are reported by states 
(U. S. Agrie. Marketing Serv., 1959B). 
These rates were used to obtain an esti­
mate of roughage fed to dairy cattle and 
other dairy animals. Requirements for 
the remaining classes of roughage-con­
suming livestock were based on esti­
mates by Jennings (1954). The average 
feeding rates adapted for the United 
States for the various classes of live­
stock are given in column 1, next page, 
under table 5. 
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TABLE 5 
CATTLE ON F E E D JANUARY 1, MARKETINGS AND PLACEMENTS BY QUARTER 1956-1959 

Item 
21 states 

Cattle on feed January 1 

Marketings : 
January-March 
April-June 
July-September 
October-December 

Total 

Placements : 
October-December* 
January-March 
April-June 
July-September 

Total 

Relationship of : 
Marketings to January 1 inventory 
Placements to January 1 inventory 

186 
196 

* Refers to fourth quarter of year preceding that indicated. 
SOURCE: U. S. Department of Agriculture, 1961. 

TONS OF HAY EQUIVALENT 
PER HEAD ON FARMS, 

Dairy cows 
Other dairy 
Beef cows 
Other beef cattle 

except cattle 
on feed 

Horses and mules 
Sheep and lambs 

JANUARY 1 
3.19 
1.15 
1.00 

.75 
1.35 

.10 

The roughage available for all cattle 
and for beef cattle is shown in table 4 
both in terms of net energy and alfalfa 
hay equivalent. Seven of the 20 regions 
are deficit in roughage. Some of the defi­
cits appear unreasonably large. The 
magnitude of the interregional ship­
ments is unknown; thus, the only rea­
sonable basis for adjustment of the feed­
ing rates by region is absent. The mag­
nitude of the estimates of deficits and 
surpluses is most likely subject to large 
error. 

REGIONAL FEEDER 
CATTLE SUPPLY 

Feeder cattle are supplied from the 
beef cow herds with the exception of a 
limited number from dairy herds and 
from imports of feeder cattle. In this 
model, we asume that feeder cattle are 
available in uniform quality at a weight 
of 650 pounds in the region of the basic 
breeding cow herd location for domestic 
feeder cattle, and for the region of im­
portation for foreign feeder cattle. No 
allowance is made for cattle from dairy 
herds. 

An estimate was made of the total 
feeder cattle placed in feedlots in the 
United States for the year beginning 
October, 1957. Estimated imports of 
feeder animals were subtracted from 
this total giving the number of feeder 
cattle provided by domestic beef herds. 
This number was allocated among re­
gions in proportion to the number of 
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TABLE 6 
ESTIMATED F E E D E R CATTLE SUPPLY BY REGIONS FOR 1957-58 SEASON 

(Per thousand head) 

Region 

j 

2 
3 
4 
5 . 

6 . . 
7 
8 
9 

10 

11 
12. . 
13. . 
14 
15 

16 
17 . 
18 
19. . 
20 

J a n u a r y 1, 1957 
other cows a n d 
heifers two years 

old a n d over* 

740 
762 
104 
303 
623 

389 
1,638 

685 
593 

1,824 

2,455 
4,930 

397 
2,590 
2,924 

697 
815 
203 

1,240 
842 

24,754 

E s t i m a t e d supp ly of feeder cat t le 

P r o d u c e d ! 

322 
332 

45 
132 
271 

170 
713 
298 
258 
795 

1,069 
2,147 

173 
1,128 
1,273 

304 
355 

88 
540 
367 

10,780 

I m p o r t e d 

305Î 

238 § 

543 

To ta l 

322 
332 

45 
132 
271 

170 
1,018 

298 
258 
795 

1,069 
2,385 

173 
1,128 
1,273 

304 
355 
88 

540 
367 

11 323 

* SOURCE: U. S. Department of Agriculture, 1958. 
t Estimated by applying a factor of .4355 to the January 1 number of "other cows and heifers two years old and over." 

For derivation of factor, see text. 
% Represents 50 per cent of the 610,697 head of cattle, weighing over 200 pounds imported from Canada during October 

1957-September 1958 as reported in Ü. S. Bureau of the Census, 1959 B. 
§ Represents 50 per cent of the 475,467 head of cattle weighing over 200 pounds imported from Mexico during October 

1957-September 1958 as reported in U. S. Bureau of the Census, 1959 B. 

"other cows and heifers two years old 
and over" on January 1, 1957. The 
method of deriving these estimates is 
given below. 

Data on quarterly feeder placements 
are available for only thirteen states for 
the 1957-58 year (see table 5). An esti­
mate of United States placements may 
be made by expansion of the number of 
cattle on feed January 1,1958, using the 
relationship between these variables 
which existed for the thirteen states for 
the years beginning October, 1955-57 
and for a 21-state coverage for the year 
1958-59. Placements averaged 193 per 
cent of cattle on feed on January 1 for 
these four years based on unrevised es­
timates and 190 per cent based on data 
shown in table 5. The estimates are 
based on the unrevised data. The unre­
vised estimate of the number of cattle 

on feed in 26 reporting states equalled 
5,898,000 head on January 1, 1958. An 
estimate of placements equals 11,323,-
000 head, obtained by multiplying the 
number on feed January 1, 1958 by the 
factor of 193 per cent derived above. Of 
this number 70 per cent are assumed to 
be steers and 30 per cent heifers. 

A considerable number of cattle are 
imported from both Canada and Mexico. 
Imports other than for dairy purposes 
are reported by weight groups which do 
not provide an easy criterion for esti­
mation of the feeder cattle component. 
An arbitrary procedure was adopted; 
namely, to assume that one-half of the 
cattle weighing over 200 pounds are 
feeder animals. As shown in table 6, im­
ports of Canadian cattle are allocated to 
region 7 and imports of Mexican cattle 
are allocated to region 12. 
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Domestic production of feeder cattle 
for feedlot feeding is taken as the dif­
ference between total placements of 11,-
323,000 and imports of 543,000, or 10,-
780,000 head. This number was allo­
cated among regions in proportion to 
the January 1, 1957 number of cows 
and heifers, two years old and over, not 
kept for milk. Feeder production thus 
represents 43.55 per cent of the inven­
tory number for all regions. The limi­
tations of the approach are readily ap­
parent, but should provide the relative 
importance of regions as to sources of 
feeder animals. 

THE PRODUCTION PROCESS 
Feed Conversion 

Beef cattle may be fattened on a vari­
ety of feeds. The model is set up to 
handle feeds in the two broad classes of 
roughages and concentrates, assuming 
that various feeds within the two cate­
gories are perfect substitutes on a net 
energy basis. The net energy values used 
are valid only within limits for some 
feeds. For example, the net energy value 
used for molasses beet pulp involves the 
restriction that it not be more than one-
half the concentrate fed. In no region 
is the supply of beet pulp so large that 
such a restriction creates a problem. 

The situation with respect to protein 
feeds is not so simple. The net energy 
values assigned to high protein feeds 
reflect their contribution providing that 
the requirement for protein as such is 
filled. I t does not reflect the true mar­
ginal productivity of high protein feeds 
added to a ration deficient in protein. 
The total United States supply of high 

protein feeds is small enough that prices 
reflect a higher marginal productivity 
for such feed than their value as a 
source of energy. The particular ap­
proach taken here assumes that the pro­
tein requirement is filled, and inasmuch 
as high protein feed prices are higher 
than the concentrate group, it involves 
a distortion considered to be of minor 
significance. 

Similarly, the feed substitution used 
assumes adequate provision for mineral 
feeds. Mineral feeds, being a rather 
standard item and a very small portion 
of the feed costs, are included in the 
category of nonf eed costs. 

I t is necessary to estimate the input-
output relationships for beef in the sev­
eral regions in order to specify the pro­
duction activities in the linear program. 
The production activities represent 
points on a production surface. 

The quantity of inputs of feeder cat­
tle, concentrates, and roughage required 
to produce 1,000 pounds of beef were 
developed for each of the nine feeding 
activities in the 20 regions. We wished 
to specify weight gains by feeder cattle 
as related to the level of feeding, the 
roughage-concentrate ratio, and re­
gional differences in feed conversion ef­
ficiency if such existed. Since previous 
studies were not consistent with these 
aims, a functional relation was devel­
oped using State Agricultural Experi­
ment Station data for recent years, in­
cluding some 156 lots of cattle. (Sources 
listed in Appendix B) . The functional 
form selected is a transcendental func­
tion linear in logarithms. The relation 
is as follows:12 

12E2 value equals 0.884. The t-rat ios are as follows: 
ox: -7.37, b3: 12.81, fc5: 2.00, fcT: -0.24, 
b2: 30.33, fc4: 4.09, fc6: -3.92, fc8: 1.26. 

9 
The log of fc9 was calculated from the identity ^ log b{ = 0 and no t- value is available. 

States included in each region are as follows (states from which experimental data were ob­
tained are italicized and the number of lots for each region is shown in parentheses) : 

X4: Wash., Oreg., Ida., Mont., Wyo., N. Dak., S. Dak. (23) 
X5: Calif., Nev. (19) 
X e : Utah, Colo., Nel·., Kan. (27) 
X 7 : Ariz., N . Mex. , OMa., Texas (20) (Footnote continued on next page) 
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1000 

Roughage - Concentrate Ratio 

Weight gains 

I ■ . . . I Therms 
500 1000 1500 

Roughage feeds 

2000 

Fig. 4. Eelationship among feeding processes for weight gain of a 650-pound feeder animal. 

Γ4=18.27 Xf4170 X2·5760 X3·2372 1.10*4 
1.06 x5 .92 x6 .99 xl 1.03 *8 .91 x9 

where Y i = total gain in pounds 
Xi = initial weight of feeder 

cattle (pounds) 
X2 = net energy value of con­

centrates fed (therms) 
X3 = net energy value of rough­

ages fed (therms) 
X 4 , . . . , X9 identify areas: 
Xi = l,Xj9£ i = 0. 

Area differences in feed conversion 

are estimated as a simple multiplicative 
effect; therefore it is convenient to de­
fine a basic set of production activities, 
calculated at the average level, that may 
be easily modified for regional differ­
ences. We assume that the initial weight 
of feeder cattle is 650 pounds, and we 
may then simplify the previous func­
tion to include the effect of initial 
weight in the constant term, as follows : 

log Γ = 0.0875 + 0.5760 
log X2 + 0.2372 log X3. 

Xs : Minn., Wise, Iowa, 111., Mo., Mich., Ind., Ohio, 
New England, N.Y., Penn., N.J., Md., Del. (33) 

X9: Ark., La., Miss., Ala., Ga., Fla., N.C., S.C., 
Tenn., W. Va., Va., Κγ. (34) 
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The base ration is established using 
average values for concentrate and 
roughage availability for cattle feeding 
in 1957-58 of 1,697 and 607 therms, re­
spectively. This combination yields 405 
pounds of gain per steer and is shown as 
point E in figure 4. The feed require­
ments were computed using 80 and 120 
per cent of the above concentrate re­
quirement to obtain points D and F on 
the 405 pound isoquant. This procedure 
was repeated for gains of 364 and 446 
pounds, giving feed requirements for 
feeding activities A, B, C, and G, H, I. 

This procedure gives nine basic beef-
producing activities, which were then 
standardized to a production unit of 
1,000 pounds of carcass beef. A uniform 
dressing percentage of 57 per cent is 
used. An allowance for 3 per cent in-
transit shrinkage is made in all pro­
duction activities.18 Also a death loss of 
0.5 per cent is assumed for cattle on feed 
with an appropriate adjustment made 
in the production coefficient.14 The pro­
duction coefficients are given in appen­
dix table C. Differences in time on feed 
among the various production activities 
are allowed for in the nonfeed costs asso­
ciated with each production activity. 

Nonfeed Costs 
Nonfeed costs play a role similar to 

transfer costs in the determination of 
the location of cattle feeding. Within a 
region, then, nonfeed costs vary with 
the feeding activities. Among regions, 
costs vary with the type of feedlot fa­
cility required and with labor costs for 
that region. 

A base-region feedlot is specified and 
costs then adjusted for varying feeding 
periods within that region and for cost 
differences for other regions. The non-
feed costs developed by Hopkin (1957) 
for a feedlot with capacity of 5,426 head 

located in California is the basis for esti­
mated costs. I t is assumed that the num­
ber of cattle fed will equal 1.6 times the 
feedlot capacity regardless of the length 
of feeding period. This size of feedlot is 
such that much of the economies of scale 
have been achieved. For farm feeding, 
predominant in many other areas of the 
country, the assumption is made that 
the added costs of a complementary 
farm-feeding operation are approxi­
mately equal to those experienced by the 
large-scale operation. 

For a given region, nonfeed costs vary 
by production activity, depending on 
the length of time on feed. The time re­
quired for a given gain depends upon 
such factors as initial weight and the 
type of concentrate-roughage ration 
fed—the higher the roughage propor­
tion, the more time for a given gain. A 
function was estimated, using 50 of the 
156 lots of cattle used to estimate the 
production relation, expressing days on 
feed (T) as a function of initial weight 
in pounds (Χτ), net energy in therms of 
concentrates fed (X2), and net energy 
in therms or roughages fed (-5Γ3). This 
function is as follows: 

213 0.234 X1 + 0.0389 X2 + 0.0519 X3 
(10.17) (8.28) (5.59) 

The coefficient of determination 
equalled 0.748. The ¿-ratios of the re­
gression coefficients are indicated in 
parentheses. 

Calculation of nonfeed costs will be 
illustrated for region 2 for feeding ac­
tivities B, E, and H which require 146, 
158, and 170 days on feed, respectively. 
Nonfeed costs are grouped in table 8 as 
those which vary with the type of feed-
lot (dirt, paved area, paved, and shel­
ter) and those which vary with the 
length of feeding period. A dirt lot is 

18 Shrinkage should be treated as a transfer cost ; however, there exists no means to allow for a 
reduction in weight during shipping in the model in use. The use of "pencil shrink" biases the re­
sults toward the use of longer shipments. 

14 Adams (1954) estimates an average death loss of 0.5 per cent for cattle on feed. Assume the 
average loss to occur at the mid-point of the feeding period. The feeder cattle requirement is 
increased by 0.5 per cent and the feed requirement by 0.25 per cent for a given output. 
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TABLE 8 
REGIONAL FARM WAGE RATES, T Y P E OF FEEDLOT FACILITY, AND NONFEED COSTS 

ASSOCIATED WITH FEEDING ACTIVITY B 
(Index Numbers, California Equals 100) 

Region 

Pacific 

2 
3 

Moun ta in 
4 
5 
6 
7 
8 
9 

Nor the rn Pla ins 
10 
11 

Sou the rn P la ins 
12 

Corn Belt a n d Lake Sta tes 
13 
14 '. 
16 

Nor theas t 
18 

Sou th (excluding region 12) 
15 
17 
19 
20 

F a r m 
wage 
rates* 

104 
100 
100 

82 
84 
76 
77 
74 
59 

74 
77' 

68 

75 
72 
70 

82 

47 
50 
48 
58 

T y p e of 
feedlot 

facility t 

D 
D 
D 

D 
D 
D 
D 
D 
D 

D 
D 

D 

P + S 
P + S 
P + S 

P + S 

P 
P 
P 
P 

Nonfeed costs 
associated wi th 

ac t iv i ty B 

101.7 
100.0 
100.0 

92.2 
93.1 
89.6 
90.1 
88.8 
82.3 

88.8 
90.1 

86.2 

111.5 
110.3 
109.4 

114.6 

86.1 
87.4 
86.6 
90.9 

* U. S. Agricultural Marketing Service, 1959 A. 
t For relative costs see table 7. D = dirt, P = paved area, P + S = paved area plus shelter. 

assumed applicable for California feed-
lot conditions. The cost for items which 
vary only with type of lot equals $4.92 
per head and is used for all three feed­
ing activities. Other costs such as labor, 
fuel and power, etc., vary with length 
of feeding period. Standard costs per 
head per day are multiplied by the rele­
vant number of days on feed to obtain 
the cost per head associated with these 
nonfeed items. As indicated in table 7, 
total nonfeed costs increase from a level 
of $12.83 per head for activity B with a 
feeding period of 146 days to $14.15 per 
head for activity H with a feeding pe­
riod of 170 days. Similar cost data are 
shown in appendix table D for the other 
six feeding activities for region 2. 

For other regions, nonfeed costs vary 

with type of feedlot facility and with 
wage costs, with other costs assumed to 
be constant. Table 8 indicates the re­
gional index of wage rates used to ad­
just costs, the feedlot facility specified 
for each region, and the total nonfeed 
cost index for a particular feeding ac­
tivity (B). The actual costs used in the 
analysis for all regions are shown in ap­
pendix table D. 

TRANSFER COST FUNCTIONS 
Transportation costs are a major de­

terminant of the location of cattle feed­
ing. Although it would be desirable to 
use actual point-to-point rates, the data 
problem precluded this approach.15 For 
interregional shipments, rail rates were 
developed from the ICC 1 per cent way-

15 Truck and rail data for 20 regions would require 380 rates each for meat, slaughter cattle, 
feeder cattle, concentrates, and hay. 
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bill sample data.16 Equations are shown 
below for the fitted functions and for 
these functions adjusted for the units 
of measure used in the analysis. 

Unadjusted Cost Functions 
Rate functions were fitted by least 

squares to data for shipments of meat, 
cattle, corn, and hay of the following 
type: 

R = a + Mf + b2M1'2 

where R = rate per unit 

M = short-line rail mileage.17 

The regression analyses are indicated 
below with the rate expressed in cents 
per hundred pounds. The ¿-ratios for 
the regression coefficients are indicated 
in parentheses and the coefficient of de­
termination is given for each equation. 

liveweight equivalent of 1,000 pounds of 
carcass beef. The adjusted rates for 
meat and slaughter cattle are as follows 
where R equals dollars per unit : 

Meat 
B = .5921 + .009584 M + .248552 M* 

Slaughter cattle 
B = 1.890 + .011375 M + .309538 M* 

It is apparent that in no case will the 
rate for slaughter cattle be lower than 
for an equivalent amount of meat ac­
cording to the above estimates. There­
fore, the meat rate applies for all ship­
ments, assuming that slaughter takes 
place in the feeding area. Interregional 
meat shipment costs per 1,000 pounds 
of carcass beef are shown in table 9. 

Intraregional meat shipment dis­
tances and transfer costs are considered 

Meatr = 5.921 + 0.095836 M + 2.485520 M1·2 

(4.08) (1.93) R2 = .89 

Cattle r = 10.774 + 0.064851 M + 1.764759 M1'2 

(3.14) (1.46) 

Cornr = 4.692 + 0.035548 M + 0.604269 M1'2 

(2.46) (0.81) 

Hay r = 0.0 + 0.047341 M + 2.238693 M1'2 

(2.93) (4.85) 

R2 = 

R2 = .59 

R2 = .86 

The equation for hay was modified to 
force the intercept value to equal zero 
since the original equation gave a nega­
tive value which was rejected on an 
a priori basis. 

Adjusted Cost Functions 
The cost functions derived above were 

adjusted to the units of measure used 
in the analysis, and the rate expressed 
in dollars per unit. The unit of measure­
ment for meat is 1,000 pounds and that 
for slaughter cattle 1,754 pounds, or the 

to be equal in all regions, as discussed 
on page 340. The cost per 1,000-pound 
unit of meat is given in table 10. 

For the intermediate products of 
feeder cattle, feed concentrates, and 
hay, transfer costs used in the model 
are net transfer costs, or interregional 
rail rates less within-region truck costs. 
Thus, cost functions for these items are 
adjusted by (1) converting to the unit 
of measurement used in the analysis 
and (2) deducting the within-région 
truck costs from the constant or inter-

16 Carload Waybill Analysis, State-to-State Distribution of Animals and Products Traffic and 
Bevenue, One Percent Sample of Terminations in the Year 1958 (1959), and Carload Waybill 
Analysis, State-to-State Distribution of Products of Agriculture, 1958 (1959). 

17 Short-line rail mileages were developed from Commercial Atlas and Marketing Guide, 1960 
(1960) ; Local and Joint Distance Table No. 420-D; and the Official Guide of the Bailways and 
Steam Navigation Lines Of the United States. 
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T A B L E 10 

I N T R A R E G I O N A L T R A N S F E R C O S T S B Y C O M M O D I T Y F O R S P E C I F I E D D I S T A N C E S S H I P P E D 

Commodity Miles Rate per 
100 pounds* Adjusted unit cost 

Carcass beef 
Slaughtered cattle 
Feeder cattle 
Corn 
Hay 

50 
50 
50 
25 
25 

dollars 

0.345 
0.220 
0.220 
0.120 
0.160 

unit 

1,000 pounds 
1,754 pounds 

650 pounds 
1,000 therms 
1,000 therms 

dollars 

3.45t 
3.86 
1.43 
1.50 
3.94 

* Minimum rates for moves within the State of California as reported by the Public Utilities Commission of the 
State of California, 1959. 

t A lower rate was used for Region 6 (Arizona) equal to $3.38 per 1,000 pounds of carcass beef. 

cept value of the adjusted function. The 
unit of measurement for feeder cattle 
is a 650-pound animal and for feeds 
1,000 therms of net energy. Concentrate 
feeds are assumed to be shipped as corn 
which contains 80.1 therms per 100 
pounds, and roughage feeds are as­
sumed to be shipped as hay which con­
tains 40.6 therms per 100 pounds. The 
adjusted cost functions are as follows: 

Feeder cattle 
B = -0.730 + .004215 M + .114709 M* 

Corn 
B = -0.914 + .004436 M + .075413 M* 

Hay 
B = -3.94 + .011660 M + .551390 M* 

The net transfer cost for shipment 
among regions is given for feeder cattle 
in table 11, for corn in table 12, and for 
hay in table 13. 

DEMAND FOR BEEF 
The demand for beef in this model 

relates to the wholesale level. No ac­
count is taken of the supplies or prices 
of other meats and in general no dis­
tinction is made between fed and non-
fed beef. Neither price nor quantity 
data are considered adequate to fit sta­
tistical demand functions for each re­
gion. The procedure adopted was to use 
demand elasticities for the United 
States and adjust regional estimates of 
consumption and prices based on dif­

ferences in consumer income and popu­
lation levels. 

Wallace and Judge (1958) have esti­
mated the price and income elasticity 
of demand for beef at retail as -0.86 
and 0.59, respectively. From these data, 
a linear approximation of demand for 
the year 1958 may be derived. The gen­
eral linear equation is: 

where 
Q - per capita consumption of 

beef in the United States. 
a = constant 
P = average retail price of beef in 

the United States in cents per 
pound. 

/ = per capita disposable personal 
income in the United States. 

Working from the price elasticity for­
mula, 

_ §Q _t 
6p ~ dP Q 

and since the equation is linear, 

or, dP 

bi = ep 
Q 

and similarly, for the income effect, 

hi = e, Q 
y J 
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TABLE 14 
1958 POPULATION, PER CAPITA DISPOSABLE INCOME, AND CALCULATED 

COEFFICIENTS OF REGIONAL DEMAND FUNCTIONS 

Region 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

United States 

Ni* 
Population 

thousand 

4,516 
5,854 
8,430 

272 
1,510 

1,175 
990 

1,655 
855 

1,322 

3,548 
11,576 
7,277 

16,998 
10,179 

21,928 
8,520 

47,561 
14,552 
4,515 

173,233 

/ i t 
Disposable 

personal 
income 

dollar8 

1,864 
2,200 
2,200 
2,272 
1,542 

1,670 
1,803 
1,795 
1,542 
1,466 

1,748 
1,609 
1,738 
2,016 
1,167 

1,897 
1,304 
2,112 
1,314 
1,660 

1,825 

Coefficients of regional demand function 

Intercept a*' 

590.1895 
816.2267 

1,175.4000 
38.4347 

184.6892 

147.6282 
127.8104 
213.3184 
104.5757 
159.0807 

452.9748 
1,436.0487 

927.1646 
2,288.6666 
1,145.6872 

2,884.5658 
989.3294 

6,522.5639 
1,693.5421 

566.0947 

22,463.9913 

Slope W 

- 4.824732 
- 6.254203 
— 9.006309 
- 0.290595 
— 1 613230 

- 1.255328 
— 1 057680 
- 1.768142 
— 0 913451 
— 1 412377 

— 3 790555 
- 12 367382 
— 7 774485 
- 18 160051 
— 10 874877 

- 23.427086 
— 9 102461 
— 50 812460 
— 15 546833 
- 4.823663 

-185 075900 

* U. S. Bureau of the Census, 1959 A. 
t U. S. Department of Commerce, 196( 

and the constant becomes, 

a = Q - biP - b2I 
where the bar indicates the average 
value for 1958. 

In the original analysis by Wallace 
and Judge, all price and income data 
were deflated by the consumer price in­
dex. Since this study involves but one 
year, the variables are expressed in 1958 
dollars. The 1958 average per capita 
beef consumption, on a carcass weight 
basis, was 80.5 pounds; the 1958 average 
retail price of beef (carcass weight) was 
64.8 cents per pound; and the average 
per capita disposable personal income 
was $1,825.50. The estimate of the retail 
demand function is: 

Q = 102.234 -1.068364 P + 0.0260181 
The wholesale demand for beef is de­

rived from the retail demand by reduc­

ing the constant term by the quantity 
effect associated with the 1958 average 
retail-wholesale price spread of 18.76 
cents per pound. (U. S. Marketing Serv­
ice, 1960, p. 17). The derived wholesale 
demand for beef is estimated as: 

Q = 82.191 -1.068364 P + 0.0260181 
Regional demand functions are then 

derived from the above formula. The 
per capita demand for beef in region 
i may be expressed as : 

Qi - a + bxP\ + b2Ii 

Since income is taken as given for the 
season involved, the income effect is in­
cluded in the constant term: or, 

a¿ = a + b2I% 

and the per capita demand function 
written as: 

Qi = ai + bj>\ 
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In terms of total quantity, we multiply 
through by regional population, or 

NiQizzNiai + Nib1Pi 
where 

Ni = population of region i on 
July 1,1958. 

This may be rewritten as: 

Q\ = a'i + biP 
where 

a¿ = díNi 

b'i = b\Ni 

The estimates of a\ and b'% are shown 
in table 14. The values of 2V¿ relate to 
the population estimate for July 1, 
1958. The value of 1% relates to dis­
posable personal income. Disposable 
personal income is not reported by 
states for the year 1958 and was esti­
mated based on the relation between 
personal and disposable personal income 
reported at the national level and the 
reported data by states on personal in­
come. Regional levels of disposable per­
sonal income represent weighted aver­
ages of state per capita income using 

the July 1, 1958 population data as 
weights. 

Summing the total demand over 20 
regions, we obtain: 

20 20 20 

Σ Q'i = Σ a'i + Σ b'iPi 
i=l ¿=1 ¿=1 

This expression is used in determining 
the quantity consumed by region for a 
given set of regional prices. In this 
model, the values of Pi relate to the 
market wholesale price. In equilibrium, 
the imputed regional values obtained in 
the dual solution will equal the regional 
set of prices. The process of obtaining 
these equilibrium prices requires re­
vision of the initial set of prices, and the 
associated quantity consumed, in suc­
cessive runs of the problem.18 

REGIONAL SUPPLIES OF BEEF 
NOT FEEDLOT FINISHED 

The total number of cattle slaugh­
tered in the United States in 1958 
equalled 24,396,000 head (U. S. Agrie. 
Marketing Serv., 1959C). Of this num­
ber 11,266,000 are estimated to be mar­
keted from feedlots as shown in table 
15; 583,000 from imported slaughter-
weight animals from Canada and Mex-

18 The procedure used in revising prices and quantities in successive runs of the problem is 
explained in detail by Judge and Wallace (1959, p. 9-16) for obtaining equilibrium regional 
price differentials from a base region. The method used here involves absolute prices rather 
than price differentials but is essentially the same method. The procedure may be outlined as 
follows : 20 

1. The total amount of beef shipments (^ X ^ ) is calculated from a previous run. 
i = l / 

2. The imputed prices from the previous run are used to calculate the regional consumption of 
beef (Q'i) using regional demand functions (see table 14). These values are then added, 

20 

or: 2 Q'i 
i=l 

3. Subtract the value obtained in (2) from that obtained in (1 ) . If this value is negative, the 
next set of prices will have to be revised upward since the amount consumed at these prices 
is greater than the amount produced plus that available as nonfed beef. 

4. The amount of the price correction factor to apply to the imputed prices is obtained by cal­
culating the following correction factor P 0 : 

P . = ( l ) - ( 2 ) 
20 

t = 1 where &* values are as shown in table 14. 
5. The revised set of regional prices, equal to the imputed price plus the value of P 0 , are then 

used to obtain the regional quantities consumed based on the regional demand function. This 
procedure is repeated until the assumed regional prices are in agreement with the imputed 
prices obtained in the dual solution. The imputed prices are at f eedlot locations and thus will 
differ from market prices by intraregional transfer costs. 
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TABLE 15 
ESTIMATED NUMBER OF CATTLE MARKETED IN 1958 

(Per thousand head) 

Region 

1 
2 
3 
2 + 3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18|| 
19 
20 

Tota l 

Ca t t l e on feed 
J a n u a r y 1, 1958* 

139 

405 
28 

164 

190 
113 
298 

33 
364 

714 
163 
482 

2,198 

529 

78 

5,8981 

Market ings 

E s t i m a t e d f 

259 

39 
287 

179 

69 
554 

697 

85 

763 
75 

137 
98 
38 

3,280 

Repor ted* 

(585)§ 
(584)§ 

1,169 

410 

664 

1,593 
410 

4,011 

8,257 

Adjus tedJ 

253 
571 
570 

38 
280 

400 
175 
648 
68 

541 

1,556 
400 
681 

3,917 
83 

745 
73 

134 
96 
37 

11 266 

* U. S. Department of Agriculture, 1961. 
t For states in which cattle on feed are reported, marketings are based on the percent marketings in 1960 exceeded 

the number on feed, January 1, 1960. These percentages are as follows: region 1, 186; region 4, 141; region 5, 175; region 7, 
158; region 9, 209; region 10 for North Dakota, 142; region 13 for Wisconsin, 136; region 16 for Michigan, 135; region 18 for 
Pennsylvania, 176. For states in which cattle on feed are not reported for 1958 but are reported for 1960, marketings equal 
82% of cattle on feed on January 1, 1960. This percentage equals the 26-state total number of cattle on feed on January 
1, 1958 as compared with January 1, 1960. This probably underestimates numbers marketed in regions 15, 17, 19, 20. 

Î The sum of estimated plus reported marketings equals 11,537,000 head as compared with 11,266,000 for Model I. 
To allow direct comparison of models in actual marketings, actual marketings were adjusted by a factor of 97.65 percent. 

§ Marketings assumed to equal 50 per cent of total California marketings, based on cattle on feed by areas as reported 
in California Crop and Reporting Service, California Annual Livestock Report, Sacramento, 1959, but within Kern and 
San Luis Obispo counties included in region 2, and on other information on marketings. 

|| Pennsylvania. 
ί Reported cattle on feed for 26-state total. 

ico; and 12,547,000 from other sources. 
In addition to the live animals, net meat 
imports into the country equalled 337,-
925,000 pounds of carcass beef. 

I t was necessary to employ estimating 
procedures in obtaining national and re­
gional data on the nonf ed beef supplied 
from various sources. For meat net im-
ports, quantities were allocated to four 
coastal regions (regions 1, 2, 3, and 18) 
based on data published by U. S. Army 
Corps of Engineers (1959). For slaugh­
ter-weight animal imports, the carcass 
weight equivalent of animals imported 
from Canada were allocated to region 7 
and those from Mexico were allocated to 

region 1.2. These data are shown in 
table 16. 

Estimates were required for beef pro­
duction from cull dairy cows, dairy 
heifers, beef cows and heifers, bulls, and 
other cattle. This was done on a national 
basis, using a balance sheet method con­
sidering cattle inventory numbers on 
January 1, 1958 and 1959 and total 
number of cattle slaughtered during 
1958. Factors as shown in table 17 were 
derived for use in applying to regional 
January 1 inventory numbers as a basis 
for obtaining regional estimates of non-
fed beef. Table 16 shows estimated avail­
ability of nonfed beef from all sources. 
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TABLE 16 
B E E F AVAILABILITY FROM SOURCES OTHER THAN F E E D LOTS BY REGION, 

CALENDAR YEAR 1958 

Region 

2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

Domes t ic p roduc t ion 

N u m b e r * 

thousand 

333 
387 

93 
82 

260 

111 
463 
229 
166 
672 

892 
1,591 
1,209 
1,408 
1,229 

811 
613 

1,039 
680 
279 

12,547 

To ta l l ive 
weight f 

Carcass 
weight Î 

I m p o r t s 

Meat a n d cat t le 
carcass weight § 

Tota l 

Carcass weight 
equ iva len t 

thousand pounds 

329,171 
382,177 

92,106 
81,161 

256,888 

109,844 
458,891 
226,780 
164,515 
664,739 

883,092 
1,575,534 
1,192,469 
1,391,810 
1,215,442 

800,725 
606,911 

1,027,007 
672,494 
276,005 

12,407,761 

181,044 
210,198 

50,658 
44,639 

141,288 

60,414 
252,390 
124,729 
90,483 

365,606 

485,700 
866,544 
655,858 
765,496 
668,494 

440,398 
333,802 
564,854 
369,871 
151,803 

6,824,269 

16,897 
57,447 
10,137 

178,585 

140,316 

253,443 

656,825 

197,941 
267,645 

60,795 
44,639 

141,288 

60,414 
430,975 
124,729 
90,483 

365,606 

485,700 
1,006,860 

655,858 
765,496 
668,494 

440,398 
333,802 
818,297 
369,871 
151,803 

7,481,094 

* See text for estimation procedure. 
t See table 17 for assumed liveweight of animals by class. 
t 55 per cent of live weight. 
§ Meat imports totaling 337,925,000 pounds were allocated explained in the text as follows: region 1, 5 per cent; region 

2, 17 per cent; region 3, 3 per cent; and region 18, 75 per cent. The carcass weight equivalent of imported slaughter weight 
animals was estimated at 178,585,000 pounds from Canada and was allocated to region 7; that from Mexico was estimated 
at 140,316,000 pounds and was allocated to region 12. 

TABLE 17 
BASIS OF ESTIMATING NONFED B E E F AVAILABLE BY REGION, 1958 

Class 

Cul l da i ry cows 

Cul l beef cows a n d heifers . . 
Cul l bul ls 
Other cat t le 

To ta l 

E s t i m a t e d 
n u m b e r of 

head 

thousand 

5,609 

495 
3,140 

180 
3,123 

12,547 

E s t i m a t e d 
average live 

weight 

pounds 

1,000 

825 
1,000 
1,020 

982 

Fac tor used for regional es t imates 

Fac to r 

per cent 

25.23 

8.41 
12.93 
10.92 
12.86 

J a n u a r y 1 i nven to ry group 

Cows a n d heifers, two years old a n d over kep t for 
mi lk 

Heifer calves kep t for mi lk 
Other cows a n d heifers two years a n d over 
Bulls , one year a n d over 
Other cows a n d heifers, two years a n d over 
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LOCATION MODELS OF BEEF CATTLE FEEDING 
The analysis of the location of beef 

cattle feeding is based on the model pre­
viously described plus three modified 
versions that differ as to specified re­
gional feeding efficiency, nonfeed costs, 
and the nature of the demand for beef. 
All analyses relate to marketings for 
1958. These models may be described 
briefly as follows: 
Model I: Supply of intermediate prod­

ucts of feed concentrates, roughage, 
and feeder cattle in each region is 
given; production activities relating 
weight gain to feed input differ 
among regions with feeding efficiency 
of that region; transfer functions are 
specified for the intermediate prod­
ucts and for the product (meat) ; 
feedlot nonfeed costs differ among re­
gions depending on construction and 
wage costs and within a region with 
each feeding activity; demand for 
beef relates the total quantity con­
sumed of fed and nonfed beef to price 
and income of the region. 

Model II: Differs from model I in that 
nonfeed costs are assumed equal 
among regions for a given feeding 
activity. 

Model III: Differs from model I in that 
nonfeed costs are assumed equal 
among regions for a given feeding 
activity, and that feeding efficiency 
is equal among regions. 

Model TV: Differs from model I in that 
nonfeed costs are assumed equal 
among regions for a given feeding 
activity, and that the consumption of 
beef for each region consists of the 
same proportion of fed and nonfed 
beef. 

The linear programming method of­
fers two sources of information, the di­
rect solution and the dual. The direct 
solution provides the following data: 

1. Location of beef cattle feeding and 
type of feeding activity employed 
as to weight gain and concentrate-
roughage ration. 

2. Shipment pattern of beef. 
3. Shipment pattern of feeder cattle, 

concentrates and roughage. 
4. Equilibrium prices and consump­

tion of beef. 

The dual solution provides the following 
information : 

1. The imputed prices of factors con­
sistent with equilibrium flow. 

2. The cost associated with introduc­
ing activities not in the optimum 
solution. 

An analysis of the results obtained 
under the four models are presented 
next, followed by an evaluation of the 
approach used in the study of feedlot 
location. 

MODEL I 
The equilibrium pattern of beef pro­

duction, consumption, and flows of car­
cass beef, feeder cattle, and feeds are 
shown in table 18. Beef production is 
indicated as that produced from feed-
lots and that available as nonfed beef. 
The production of fed beef is directly 
related to the number of cattle marketed 
by coefficients of the relevant feeding 
activity. The number of cattle placed on 
feed is slightly higher than the number 
marketed to allow for a death loss of 
one-half of one per cent. The nature of 
the solution may be illustrated with re­
gion 3, for which 423 thousand head of 
cattle are marketed. The factor require­
ments per 1,000 pounds of beef pro­
duced, as shown in appendix table C, are 
as follows: feeder cattle, 1.7992; feed 
concentrates, 2.6688 thousand therms of 
net energy; and roughage, 0.9548 thou­
sand therms of net energy. The basis for 
the feeding activities is illustrated in 
figure 4. To produce 236 million pounds 
of beef, 425 thousand feeder cattle are 
required (i.e., 236 multiplied by 
1.7992). Death loss of 0.5 per cent re­
sults in marketings of 423 thousand 
head. 
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In region 10, three feeding activities 
are included in the solution, of which 
activities E and H have equal concen­
trate-roughage ratios, and F has a 
higher concentrate-roughage ratio. A so­
lution of this nature may occur in pro­
gramming problems when the price 
ratio of the feeds (imputed prices in 
this model) approximates the slope of 
the line connecting activities F and B 
(see figure 4). With given limiting re­
sources, the program will select those 
activities that fulfill production require­
ments such as to maximize the objective 
function. In this case, it was accomp­
lished by utilizing three production ac­
tivities in region 10. If a continuous 
isoquant could be specified of the usual 
shape (convex to the origin) the price 
line would be tangent at one point, re­
sulting in a unique concentrate-rough­
age ratio. Further, there would be a 
unique level of feeding, rather than ac­
tivities E and H if the program could be 
specified for continuous rather than dis­
crete weight-gain production activities. 

The quantity of beef consumed by re­
gion is composed of the total of fed and 
nonfed beef, and in equilibrium, the re­
gional quantity consumed must be con­
sistent with the regional price. Since a 
demand function is used, this means 
that a set of prices is assumed and a set 
of consumption levels calculated using 
the demand function for each region. 
The problem is run and the results 
checked for consistency of prices and 
quantities. In model I, five revisions of 
prices and quantities were required to 
bring about the required equilibrium 
conditions. 

Shipments of meat are specified both 
for shipments within the region and for 
interregional shipments. Thus, total 
shipments for the 20 regions are equal 
to the total beef consumed and also to 
the sum of fed beef produced and non-
fed bèef available. Since the transporta­
tion costs for shipments within the re-

19 An exception is region 6 for which no intrai 
an incorrect specification of the within-region 1 
quent analyses. The resulting difference in cost ii 

gion are less than for interregional ship­
ments, consumption needs are met, if 
possible, from within the region.19 This 
has resulted in the consumption for a 
region being met entirely with nonfed 
beef, such as for region 5, for example. 
This prompted an alternative specifica­
tion for the consumption of beef be­
tween fed and nonfed beef, as given in 
model IV. 

Shipments of feeder cattle, feed con­
centrates and roughage are indicated 
only for interregional shipments. The 
difference between regional availability 
and shipments are used within the re­
gion. The difference between intermedi­
ate product shipments and meat ship­
ments is due to the model specification 
of transportation costs. For intermedi­
ate products; transfer costs between re­
gions represent net costs or the differ­
ence between interregional rail costs 
and within-region truck costs. The use 
of net transfer costs thus evaluates the 
relative ability of a surplus or deficit 
region to bid for feed or feeder cattle 
supplies at the feedlot location (see dis­
cussion on page 340). For meat ship­
ments, within-region transfer costs are 
required for shipments of nonfed beef 
that are available in each region to meet 
consumption requirements. 

The pattern of shipments for meat 
and intermediate products is shown in 
figure 5 for results obtained under 
model I. Meat deficits on the West Coast 
are met by shipments from within the 
western region, and deficits on the East 
Coast are met by shipments from the 
Midwest and Southern Plains. 

Feeder cattle shipments, shown in sec­
tion B of figure 5, reflect feeding loca­
tions under model I and regional avail­
ability of feeder cattle. As will be dis­
cussed in detail, the feeding locations 
differ considerably from those actually 
existing in 1958, as shown in figure 6. 
The regional availability of feeder cattle 
for model I is given in table 19, which 

îgional shipments are shown. This resulted from 
■ansportation rate which was lowered in subse-
negligible with the present shipment pattern. 



T
A

B
L

E 
19

 
C

O
M

PA
R

IS
O

N
 O

F 
A

C
T

U
A

L 
A

N
D

 E
ST

IM
A

T
E

D
 N

U
M

B
E

R
 O

F 
C

A
T

T
L

E 
M

A
R

K
E

T
E

D
 F

R
O

M
 

FE
E

D
L

O
T

S 
IN

 
19

58
 

U
N

D
E

R
 M

O
D

E
L 

I,
 

A
N

D
 V

A
L

U
E

S 
O

F 
IM

PO
R

T
A

N
T 

V
A

R
IA

B
L

E
S 

R
eg

io
n 

W
es

t 1 2 3 4 5 6 7 8 9 

T
ot

al
 

N
or

th
er

n 
Pl

ai
ns

 
10

 
11

 

T
ot

al
 

So
ut

he
rn

 P
la

in
s 

12
 

C
or

n 
B

el
t  

an
d 

L
ak

e 
St

at
es

 
13

 
14

 
16

 

T
ot

al
 

N
or

th
ea

st
 

18
 

So
ut

h 
15

 
17

 
19

 
20

 

T
ot

al
 

T
ot

al
 

M
ar

ke
ti

ng
s*

 

A
ct

ua
l 

M
od

el
 I

 

th
ou

sa
nd

 
he

ad
 

25
3 

57
1 

57
0 38

 
28

0 
40

0 
17

5 
64

8 68
 

3,
00

3 

54
1 

1,
55

6 

2,
09

7 

40
0 

68
1 

3,
91

7 
74

5 
5,

34
3 

13
4 83

 
73

 
96

 
37

 

28
9 

11
,2

66
 

0 0 
42

3 92
 0 

16
9 

11
1 

29
7 

28
2 

1,
37

4 

4,
70

6 0 

4,
70

6 

1,
55

0 

1,
28

2 
1,

68
8 

57
8 

3,
54

8 88
 0 0 0 0 0 

11
,2

66
 

M
od

el
 I

 v
al

ue
s 

fo
r:

| 

Fe
ed

 c
on

 v
. 

ef
fi

ci
en

cy
 

(U
.S

.a
v.

 =
 1

00
) 

N
on

fe
ed

 
co

st
 

(C
al

if
. =

 1
00

) 

in
de

x 
nu

m
be

r 

11
0 

10
6 

10
6 

10
6 

10
1 99
 

11
0 92
 

99
 

11
0 92
 

99
 

10
3 

10
3 

10
3 

10
3 91
 

91
 

91
 

91
 

10
2 

10
0 

10
0 92
 

93
 

90
 

90
 

89
 

82
 

89
 

90
 

86
 

11
2 

11
0 

10
9 

11
5 86
 

87
 

87
 

91
 

R
eg

io
na

l 
su

pp
ly

 o
f:

 

Fe
ed

er
 c

at
tl

e 

th
ou

sa
nd

 

32
2 

33
2 45

 
13

2 
27

1 
17

0 
1,

01
8 

29
8 

25
8 

2,
84

6 

79
5 

1,
06

9 

1,
86

4 

2,
38

5 

17
3 

1,
12

8 
30

4 
1,

60
5 88

 

1,
27

3 
35

5 
54

0 
36

7 

2.
53

5 

11
,3

23
 

Fe
ed

 c
on

e.
 

m
ill

io
n 

-0
.7

5 
-0

.5
5 

-0
.8

5 
-0

.0
6 

0.
13

 
0.

31
 

0.
62

 
0.

87
 

0.
04

 

-0
.2

4 

3.
92

 
7.

18
 

11
.1

0 

0.
24

 

3.
54

 
12

.3
9 

3.
65

 

19
.5

8 

-8
.7

4 

-3
.8

4 
-1

.1
3 

-4
.2

0 
-0

.7
8 

-9
.9

5 

11
.9

9 

R
ou

gh
ag

e 

to
ns

 

-0
.5

0 
-0

.0
6 

0.
08

 
0.

06
 

0.
23

 
0.

44
 

-0
.2

5 
1.

65
 

0.
18

 

1.
83

 

1.
20

 
3.

32
 

4.
52

 

1.
23

 

1.
08

 
1.

11
 

0.
38

 

2.
57

 

1.
51

 

-0
.1

1 
-1

.2
0 

-1
.8

0 
-0

.0
9 

-3
.2

0 

8.
46

 

* 
Se

e 
ta

bl
e 

15
 fo

r 
es

ti
m

at
ed

 a
ct

ua
l 

m
ar

ke
ti

ng
s 

an
d 

ta
bl

e 
18

 fo
r 

m
od

el
 I

 m
ar

ke
ti

ng
s.

 
t 

Se
e 

te
xt

 p
ag

e 
35

0 
fo

r 
es

ti
m

at
e 

of
 f

ee
d 

co
nv

er
si

on
 e

ff
ic

ie
nc

y 
by

 r
eg

io
n;

 a
pp

en
di

x 
ta

bl
e 

D
 f

or
 n

on
fe

ed
 c

os
t 

by
 r

eg
io

n;
 t

ab
le

 6
 fo

r 
fe

ed
er

 c
at

tl
e 

av
ai

la
bi

li
ty

 b
y 

re
gi

on
; t

ab
le

 3
 fo

r 
fe

ed
 c

on
ce

nt
ra

te
 a

va
ila

bi
lit

y 
by

 r
eg

io
n;

 a
nd

 t
ab

le
 4

 fo
r 

ro
ug

ha
ge

 a
va

ila
bi

lit
y.

 



370 King and Schrader: Regional Location of Cattle Feeding 
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Fig. 5A and B. Model I shipments of meat and feeder cattle. 

also provides a summary of the values 
used in model I for feed conversion effi­
ciency, nonfeed costs, and regional sup­
plies of intermediate products. · 

Shipments of feed concentrates and 
hay are shown in sections C and D, re­

spectively, of figure 5. The shaded areas 
indicate regions in which no feeding was 
indicated under model I. Thus, ship­
ments to these regions were required 
only to meet the regional deficits of con­
centrates and/or hay as indicated in 
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Fig. 5C and D. Model I shipments of feed concentrates and hay. 

table 19. This shipment pattern has as­
sociated with it a pattern of imputed 
prices obtained from the dual solution. 
These prices provide a basis of compari­
son with actual regional prices. The fact 
that regional deficits were specified for 

certain regions illustrates the partial 
equilibrium nature of this model. This 
would not have been required if all live­
stock production were considered to be 
variable. The use of grain other than 
for feed is an added complication. 
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Fig. 6. Number of cattle marketed (in thousands) in 1958, b7 region, 
actual and estimated from model I. 

degree of inefficiency of the actual 1958 
location pattern? Henderson (1958) 
presents a measure of the efficiency of 
the actual regional distribution of out­
put as compared with an efficiency 
norm, which is in this case the location 
pattern indicated in model I. This meas­
ure may be expressed as follows: 

Total efficient output-
misallocated output 

Total efficient output 

where misallocated output is defined as 
the sum of the absolute deviations of the 
actual from the norm divided by two. 
The division by two is required to elimi­
nate double counting; that is, if one re­
gion produces too much, some other re­
gion must produce too little. 

The index of efficiency of actual feed-
lot locations for the 20-region break­
down of the United States equals 44, 
which reflects the wide divergence be­
tween actual and model I regional mar­
ketings. The index for the 6-region 
breakdown shown in table 19 is 67, re-

Comparison of Location— 
Actual and Model I 

A comparison of the location of re­
gional marketings from feedlots under 
model I with actual 1958 marketings 
indicates important differences as indi­
cated in table 19. Marketings are higher 
under model I especially for the North­
ern Plains and Southern Plains areas, 
whereas marketings from the West and 
Corn Belt and Lake States are much 
lower than actual 1958 marketings. 
Marketings are indicated for 12 of the 
regions used in model I as compared 
with actual marketings in 20 regions. 

The model solution indicates the opti­
mum location if conditions specified as 
to intermediate product supply, pro­
duction functions, nonfeed costs, de­
mand functions, and transportation 
functions accurately represent the eco­
nomic situation at a particular time and 
were to remain in effect unchanged for 
such period that complete adjustment 
to these conditions could be made. Sup­
pose that such is the case. What is the 
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fleeting the offsetting differences within 
the aggregated subregions (such as re­
gions 10 and 11, for example). 

We next inquire as to the stability of 
the optimum location pattern found in 
model I. This will be done in two phases, 
the first of which assumes that the speci­
fications of the model as to feeding effi­
ciency, nonf eed costs, and the nature of 
demand for beef are correct, and the 
second phase which traces the effect of 
changes in the assumptions noted above. 
The second phase is developed in the dis­
cussion of models, II , I I I , and IV. The 
first phase, which utilizes the dual solu­
tion of model I, is discussed next. 

Cost of Shifting Location of Feeding 
The direct solution of the linear pro­

gramming problem gives that location 
of feeding which will maximize the 
value of the objective function. We now 
ask how much would costs be increased 
by introducing feeding activities (or 
locations) not in the optimum program. 
This information is provided in the dual 
solution of any programming problem 
giving the partial derivative of the ob­
jective function with respect to each of 
the activities not in the solution. The 
value of the derivative is a guide to the 
cost associated with introducing a feed­
ing activity in the 8 of the 20 regions 
in which feeding was actually done in 
1958 and for which there was no feed­
ing indicated in the optimum program. 
Information provided in the dual is also 
useful in analyzing the costs associated 
with shifting locations of feeding be­
tween a pair of feeding areas in the op­
timum program, although the computa­
tions are more involved and less precise. 

Nonfeeding regions.—Some cattle 
feeding was done in all 20 regions in 
1958, but in only 12 regions in model I. 
The cost associated with introducing 

one unit (1,000 pounds of carcass beef) 
of the feeding activity that would in­
crease costs the least are indicated in 
table 20 for model I ( and also for models 
I I and I I I ) for each of the eight non-
producing regions. These values are 
taken from the dual solution of model 
1 and represents the least-cost feeding 
activity of the possible nine alternatives 
available for each region. The cost asso­
ciated with introducing more than one 
unit of a feeding activity in any one of 
these regions would cost at least that 
amount shown and probably more as the 
entire shipment patterns for intermedi­
ate products would be changed.20 

With the exception of region 5 and 
perhaps 11, the introduction of feeding 
activities in these regions and the asso­
ciated flows of intermediate products 
appears to add considerably to the cost 
of producing beef to meet consumption 
requirements. Consider region 2, for ex­
ample, for which the cost of introducing 
feeding activity B equals $6.63 per 1,000 
pounds of carcass beef. This cost for the 
first unit equals one and one-half per­
cent of the equilibrium price of beef in 
the region at the feedlot location.21 

The regional disadvantage for region 
2 may well be less than indicated if ac­
tual production conditions differ in im­
portant respects from those specified in 
the model. Two of these factors are men­
tioned brifly here and discussed in more 
detail subsequently. Large feedlots are 
more prevalent in California than in 
many areas of the country. Nonfeed 
costs, due to economies of scale, may 
well be lower than in other areas, thus 
resulting in lower production costs. An­
other consideration is that cattle of 
lighter weight than 650 pounds may be 
shipped into areas such as California to 
be fed on seasonal range, irrigated pas­
ture, grazed on beet tops, and other 

20 To calculate the exact amount of the additional cost to the system for a specified level of 
feeding in a given region, the problem could be rerun with a restraint specifying a given level 
of feeding in the region. 

21 The price at the feedlot equals the equilibrium market price of $456.58 per 1,000 pounds of 
carcass less the within transportation cost of $3.45 per 1,000 pounds to ship from the feedlot (and 
slaughter plant which is identically located ) to the market. 
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TABLE 20 
COST OF INTRODUCING FEEDING ACTIVITIES IN REGIONS N O T 

FEEDING CATTLE IN OPTIMUM SOLUTION* 

Region 

1 
2 
5 
7 

11 
15 
17 
19 
20 

Model I 

Feeding 
activity 

B 
B 
B 

B 
B 
C 
C 
C 

Cost per 1,000 
pounds 

dollars 

7.14 
6.63 

.42 

3.12 
20.52 
17.78 
23.46 
27.16 

Model II 

Feeding 
activity 

B 
B 

E 
H 
B 
C 
C 
C 

Cost per 1,000 
pounds 

dollars 

5.42 
6.30 

.91 
3.32 

21.64 
20.94 
27.64 
27.75 

Model III 

Feeding 
activity 

C 
B 
B 
B 

B 
C 
C 
C 

Cost per 1,000 
pounds 

dollars 

12 Ai 
8.10 
2.04 
7.76 

6.99 
7.54 

10.15 
11.29 

* Cost in dollars per 1,000 pounds of beef produced for introducing feeding activity with lowest additional cost. These 
values are the partial derivatives of the objective function (returns) with respect to each activity in the program given the 
level of all other activities. 

sources of weight gain. Under this speci­
fication, the feeder cattle would be lo­
cated in California and the cost of ship­
ment of feeder animals would be much 
lower than indicated under the present 
model. As noted previously, the rough­
age availability data are subject to se­
vere limitations and may well affect the 
results, due to the relatively high cost 
of interregional shipments of hay. 

Feeding regions.—For regions in 
which feeding was shown in the opti­
mum program of model I, the largest 
absolute differences between actual and 
estimated numbers occurred in regions 
10 (North and South Dakota) and 14 
(Illinois, Iowa, and Missouri). The in­
creased feeding in region 10 and the de­
creased feeding in region 14 accounts 
for approximately one-half of the total 
"misallocated" output in the efficiency 
index. The cost associated with a shift 
of feeding from one region to the other 
is thus of particular interest. 

In contrast to the use of the dual solu­
tion for introducing feeding activities 
into nonf eeding areas, calculations here 
require changes in the level of feeding 
activities included in the optimum solu­
tion for regions 10 and 14. This involves 
changes not only in the feeding activity, 
but the related changes in the meat ship­

ment pattern, and the shipments of 
feeder cattle, feed concentrates, and 
hay. An added complication is the re­
striction of the program that regional 
prices for beef are interconnected by 
transportation costs, and are a function 
of the quantity of beef shipped. An ap­
proximation to the added costs of shift­
ing one unit of production from 10 to 
14 is given in the following calculations, 
but a more precise indication of the shift 
in location due to change in costs is dis­
cussed under model I I in which the level 
of nonfeed costs is equalized in all re­
gions. This change results in wiping out 
a cost advantage of $5.30 per 1,000 
pounds of beef which region 10 held 
over region 14 in model I, with a result­
ing shift of approximately 1,500,000 
head from region 10 to region 14. I t be­
comes clear that the locations specified 
may rest on fairly small differences in 
costs. 

Using values of the dual solution we 
may proceed as follows: Nearly all of 
the production of fed cattle in region 10 
is shipped as meat to region 18. If feed­
ing in region 14 were to be increased 
above that shown in the model, some ad­
ditional cost might be involved in meat 
shipments for the entire model. As an 
indication of this cost, we take the ad-
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TABLE 21 
REGIONAL MARKETINGS UNDER MODEL I I AND ACTUAL 1958 MARKETINGS, AND CHANGE FROM 

MODEL I TO MODEL I I W I T H EQUAL REGIONAL NONFEED COSTS 

Region 

West 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Tota l 

Nor the rn P la ins 
10 
11 

To ta l 

Sou the rn P la ins 
12 

Corn Belt a n d Lake S ta tes 
13 
14 
16 

To ta l 

Nor theas t 
18 

South 
15 
17 
19 
20 

To ta l 

To ta l 

Market ings of fed 
cat t le under :* 

Ac tua l 

thousand 
head 

253 
571 
570 
38 

280 
400 
175 
648 

68 

3,003 

541 
1,556 

2,097 

400 

681 
3,917 

745 

5,343 

134 

83 
73 
96 
37 

289 

11,266 

Model I I 

thousand 
head 

0 
0 

527 
92 

1 
169 

0 
297 
257 

1,343 

3,278 
0 

3,278 

1,329 

1,282 
3,107 

578 

4,967 

349 

0 
0 
0 
0 

0 

11,266 

Change from Model I i n : 

Feeding ac t iv i ty in : 

Model I 

B 
B 

A 
B 
B 
B 

E , F , H 

B 

H 
B 
B 

B 

Model I I 

B 
B 
B 

A, B 

H 
B , E 

H , I 

B 

H 
B , E 

B 

B 

Nonfeed cost 
per 1,000 

p o u n d s of 
carcass beeff 

dollars 

- 0 . 0 5 t 

o.oot 
0.00 

+ 1 . 8 0 
+ 1.25 
+ 1 . 3 8 
+ 2 . 6 1 
+ 1 . 9 6 
+ 3 . 8 0 

+ 3 . 0 7 
+ 1 . 2 8 t 

+ 2 . 7 5 

- 2 . 3 9 
- 2 . 5 5 
- 2 . 4 3 

- 3 . 6 4 

+ 2 . 1 6 Í 
+ 1 . 8 4 Í 
+ 2 . 0 5 t 
+ 1.00Í 

N u m b e r of head marke t ed 

Absolu te 

thousand 

+ 104 
0 

+ 1 
0 

- I l l 
0 

- 25 

- 31 

- 1 , 4 2 8 

- 1 , 4 2 8 

- 221 

0 
+1 ,419 

0 

+ 1,419 

+ 261 

0 

Percentage 

per cent 

+ 25 
0 
0 
0 

- 1 0 0 
0 

- 9 

- 23 

- 30 

- 30 

- 14 

0 
+ 84 

0 

+ 40 

+297 

* See table 15 for estimated actual marketings and table 22 for model II results. 
t For regions with multiple feeding activities, nonfeed costs are weighted by numbers fed under each activity. The 

absolute level of nonfeed costs, shown in appendix table D, are set equal to region 3 in model II which equal $23.11 for 
activity B, for example. 

t For regions with no feeding under models I and II, the change in nonfeed costs is that for feeding activity B. 

ditional cost of shipments of meat from 
region 14 to 18 of $0.48 per 1,000 
pounds. To produce 1,000 pounds of car­
cass beef in region 14 by feeding ac­
tivity B requires 1.8873 head of feeders, 
0.9649 thousand therms of net energy of 
roughage, and 2.6969 thousand therms 
of net energy of concentrate feed. The 
cost of additional feeder shipments to 

region 14 from the following regions 
involves the cost indicated per head: 

REGION COST 

20 $0.15 
19 .60 
12 1.10 
11 2.46 

Assuming that feeder shipments were 
made from region 12, the added cost per 
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1,000 pounds of beef produced would be 
$2.00 (i.e., $1.10 times 1.8873, the num­
ber of head of feeders required per 
thousand pounds of carcass beef pro­
duced). The added roughage could be 
obtained from region 11 at an added 
cost per 1,000 pounds of beef produced 
of $1.54 (i.e., $1.60 times 0.9649). Since 
region 14 ships out concentrate feed, 
changes in these costs will be ignored. 
The added cost associated with these 
shifts amounts to $4.02 per 1,000 
pounds of beef. The equilibrium price 
of beef in region 18 equals $46.33 per 
hundred weight of carcass beef. Thus, 
the increased cost equals less than one 
per cent of the market price, and the 
entire shift in production may rest on 
as little as four-tenths of a cent a pound 
for carcass beef. This estimate of costs, 
although a rough indication, appears to 
be in line with that provided in model 
II . 

MODEL II 
Model I I is designed to determine the 

effect of differences of nonfeed costs 
among regions on the location of cattle 
feeding. This is accomplished by analyz­
ing feeding locations under model I for 
which nonfeed costs differed by region 
according to feedlot construction costs 
and farm wage rates, and locations 
under model I I for which nonfeed costs 
were set equal to that for California for 
all regions. These costs differ, however, 
for the various feeding activities within 
a given region due to varying length of 
feeding period. The change in the non-
feed costs between models I and I I are 
given in table 21 and relate to the feed­
ing activity selected in the optimum pro­
grams for feeding areas, and for feed­
ing activity B for nonfeeding areas. 

The shifts in feeding locations, shown 
in table 21, provide a convenient sum­
mary, although the detailed optimum 
solution for model I I gives a more com­
prehensive picture of the equilibrium 
pattern of production, consumption, 
and shipments (see table 22). 

An increase in nonfeed costs from 
model I to model I I was introduced in 
13 regions, a decrease in five regions, 
and no change in the remaining two 
regions. The results were in general con­
sistent with expectations; namely, that 
an increase (decrease) in nonfeed costs 
was associated with a decrease (in­
crease) in the number marketed from 
a particular region. 

Increased nonfeed costs introduced 
into 13 regions resulted in decreased 
feeding in four regions (7, 9, 10, 12) as 
might be expected, no change took place 
in three regions (4, 6, 8), an increase in 
feeding took place in region 5; and no 
feeding was introduced in either model 
I or I I for five regions (11, 15, 17, 19, 
20). 

No change in nonfeed costs were made 
in regions 2 and 3. In region 3, however, 
feeding increased, whereas in region 2, 
no feeding was introduced under either 
model. 

Decreased nonfeed costs were intro­
duced in five regions. The number of 
cattle fed increased in two regions (14, 
18) as might be expected, no change 
took place in two regions (13, 16), and 
no feeding was introduced into region I. 

Regional interrelationships as to ship­
ments of beef and intermediate products 
do not allow a simple statement of the 
possible effect of a given level of change 
in nonfeed costs. This is shown more 
clearly by a more detailed analysis of 
change in feeding location by region. 

West.—The eight states included in 
these regions comprise the Western re­
gion. In both models I and II , the pro­
duction of meat (fed and nonfed) 
within the Western region just equals 
consumption. This region is intercon­
nected with other regions by shipments 
of intermediate products—net outship-
ments of feeder cattle and roughage, 
and net inshipments of concentrate feed. 

In setting nonfeed costs equal to that 
in California (regions 2 and 3), all nine 
regions except region 1 faced higher 
costs in model I I than in model I. This 
resulted in the following changes: 
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1. Numbers of head marketed in the 
Western region decreased 31,000 
head, but changes in the feeding ac­
tivities were such that production 
decreased by only 2 million pounds. 
This shift to longer feeding periods 
results in lower feeder cattle re­
quirements per 1,000 pounds of car­
cass beef produced. 

2. Feeding was increased in region 3 
with a major offsetting decrease in 
region 7 and also in region 9. The 
increased production in region 3 of 
58 million pounds was balanced by 
decreased shipments from region 7 
(61 million), region 9 (9 million), 
region 6 (1 million), and by in­
creased shipments from region 8 
(13 million). 

3. The length of feeding period was 
increased in regions 8 and 9, indi­
cated by a shift from feeding ac­
tivity B to H in region 8, and a par­
tial shift to feeding activity E in 
region 9. 

4. Feeding was introduced in region 
5 in model II . This result might 
have been expected from inspection 
of the dual solution of model I (see 
table 20), since this feeding activity 
had the lowest cost for any of the 
eight regions not feeding cattle in 
the optimum solution. 

5. The cost of introducing feeding ac­
tivities in regions not feeding cattle 
in model II , as indicated in table 
20, indicates a substantial reduc­
tion from model I costs for region 
1 and a slight reduction for region 
2. Reintroducing feeding in region 
7, however, would be accomplished 
at a considerably lower cost than 
for regions 1 or 2. 

Northern Plains.—This region is com­
posed of the four states of North and 
South Dakota (region 10), Kansas, and 
Nebraska (region 11). In both models I 
and II , results indicate inshipments of 
feeder cattle and outshipments of meat 
and also feed concentrates and rough­
age. The principal change between the 
two programs is the decrease in num­

bers fed in region 10 due to the in­
creased nonfeed costs. As noted previ­
ously, this change resulted in a shift in 
feeding location from region 10 to 14. 
The relative disadvantage of region 11 
was increased slightly due to the in­
creased nonfeed costs, as shown in table 
21, but by an amount far less than the 
increased nonfeed costs. This is due to 
the interrelated changes in shipment 
patterns in the entire program. 

Southern Plains.—The states of Okla­
homa and Texas comprise region 12. In 
both models, results indicate outship­
ments of beef, feeder cattle, and rough­
age, and inshipments of concentrate 
feeds. The level of feeding in both pro­
grams is higher than the "actual" 1958 
level. The principal change in model I I 
is the decrease in the level of feeding 
due to relatively higher nonfeed costs. 

Corn Belt and Lake States.—The 
Corn Belt comprises the states of Illi­
nois, Iowa, Missouri (region 14), Indi­
ana, and Ohio (region 16 which also in­
cludes Michigan). The Lake States in­
clude Minnesota, Wisconsin, and Mich­
igan (region 13 which excludes Michi­
gan). These eight states comprised the 
major feeding area under "actual" 1958 
conditions, and under model II . In both 
models I and II , feeders are inshipped 
to all three regions (13, 14, 16) ; meat is 
outshipped from regions 13 and 14 in­
cluding shipments to region 16 which 
does not produce enough to meet con­
sumption requirements ; concentrates 
are shipped from all three regions. For 
roughage, no shipments in or out of the 
regions are indicated under model I, 
whereas under model II, roughage is 
shipped from region 11 to region 14. 

The major change from model I is the 
shift in feeding to region 14. Concen­
trate outshipments from region 14 were 
reduced. Roughage shipments were in­
troduced from region 11 to 14, with a 
corresponding decrease in shipments 
from region 11 to 10 where feeding was 
reduced. Similarly, feeder cattle inship­
ments were increased from region 15 
with a corresponding decrease in feeder 
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shipments from region 15 to 10. This 
shift in location between region 14 and 
10 is associated with a change in relative 
nonfeed costs of about $5.40 per 1,000 
pounds of carcass beef. 

Northeast.—The eleven states of this 
area comprise the major deficit region 
for beef shipments, with local produc­
tion accounting for about 2 per cent of 
consumption requirements under model 
I and about 8 per cent under model I I . 
I t also is a deficit region in feed concen­
trate supplies. The major change be­
tween model I and I I was an increase 
in feeding in the region, accomplished 
by an inshipment of feeder cattle from 
region 19 accompanying a decrease in 
outshipment of hay to this region, and 
increased inshipments of concentrate 
feed. Nonfeed costs were decreased by 
$3.64 per 1,000 pounds of carcass beef 
in model II . 

South, excluding the Southern 
Plains.—This area includes region 15 
(Alabama, Arkansas, Louisiana, and 
Mississippi), region 17 (Kentucky, Ten­
nessee, and West Virginia), region 19 
(Georgia, South Carolina, North Caro­
lina, and Virginia) and region 20 
(Florida). Although the feeder cattle 
availability in this region is second only 
to the Southern Plains, the amount of 
feeding actually done in 1958 was rela­
tively small. In both models I and II , no 
feeding was indicated, with the costs 
associated with introducing feeding in 
these regions higher under model I I 
than under model I (see table 20). 
These regions serve as an important 
source of feeder cattle for the major 
feed-producing areas. Feed is shipped 
into these regions to supply needs for 
other livestock and the large poultry 
industry. Increases in cattle feeding 
would appear to depend primarily on 
the opportunity costs associated with al­
ternative livestock production. 

In summary, nonfeed costs per 1,000 
pounds of carcass beef are equal in all 
regions for a given feeding activity for 
model II . The resulting pattern of loca­
tion of feeding corresponds more nearly 

to "actual" 1958 locations than that for 
model I. For the 20 region breakdown, 
model I I indicates an efficiency index 
of 58 compared to 45 for model I. 

The major shifts in location of pro­
duction from model I include the fol­
lowing: (1) Increased feeding in the 
Corn Belt in region 14 and a corre­
sponding decrease in the Northern 
Plains in region 10; (2) decreased feed­
ing in the Southern Plains; (3) in­
creased feeding in the Northeast; and 
(4) shifts in feeding within the Western 
region but maintaining regional self-
sufficiency in meat. The level of nonfeed 
costs appear to have an important in­
fluence on location in this model. The 
most important shift, that between re­
gion 10 to 14, was associated with two 
regions for which nonfeed costs in model 
I were near the high and low values for 
the 20 regions. The "correct" values for 
these nonfeed costs are difficult to de­
termine but it is evident that any refine­
ment in the model must include more 
accurate data on this cost item. 

MODEL III 
Model I I I is designed to determine 

the effect of differences in feeding effi­
ciency among regions on the location of 
cattle feeding. Comparisons of results 
from model I I I and model I I prove use­
ful since both models are based on equal 
nonfeed costs for a given feeding ac­
tivity. They differ as to the feeding effi­
ciency index by region as shown in table 
23. For model I I this index varies be­
tween 92 and 110, whereas for model I I I 
the feeding efficiency level was set at the 
United States assumed average of 100 
for all regions. This implies that the 
amount of concentrate and roughage 
fed per pound of gain is equal for a 
given feeding activity in each region. 
The detailed pattern of location of feed­
ing and shipments of meat and interme­
diate products under model I I I are 
given in table 24. For this analysis, at­
tention will be centered on changes in 
location of marketings from model I I 
to model III , as shown in table 23. 
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TABLE 23 
REGIONAL MARKETINGS U N D E R MODEL I I I AND ACTUAL 1958 MARKETINGS AND CHANGE FROM 

MODEL I I TO MODEL I I I W I T H EQUAL REGIONAL FEEDING EFFICIENCY 

Region 

West 
1 
2 
3 
4 . . . 
5 
6 
7 
8 
9 

To ta l 

Nor the rn P la ins 
10 

u 
Tota l 

Sou the rn P la ins 
12 

Corn Bel t a n d Lake Sta tes 
13 
14 
16 

Tota l 

Nor theas t 
18 

South 
15 
17 
19 
20 

Tota l 

To ta l 

Market ings of fed cat t le under :* 

Actua l 

thousand head 

253 
571 
570 

38 
280 
400 
175 
648 

68 

3,003 

541 
1,556 

2,097 

400 

681 
3,917 

745 

5,343 

134 

83 
73 
96 
37 

289 

11,266 

Model I I I 

thousand head 

0 
0 

45 
55 
0 

499 
0 

724 
257 

1,580 

1,743 
4,199 

5,942 

514 

1,373 
1,476 

302 

3,151 

88 

0 
0 
0 
0 

0 

11,275 

Change from Model I I i n : 

Feeding 
efficiency 

indexf 

percentage 
points 

- 1 0 
- 6 
- 6 
- 6 
- 1 
+ 1 
- 1 0 
+ 8 
+ 1 

- 1 0 
+ 8 

+ 1 

- 3 
- 3 
- 3 

- 3 

+ 9 
+ 9 
+ 9 
+ 9 

N u m b e r of head m a r k e t e d t 

Absolute 

thousand 

- 482 
- 37 

1 
+ 330 

+ 427 
0 

+ 237 

- 1 , 5 3 5 
+4 ,199 

+2 ,664 

- 815 

+ 91 
- 1 , 6 3 1 
- 276 

- 1 , 8 1 6 

- 261 

+ 9|| 

Percentage 

percent 

- 91 
- 40 
- 1 0 0 
+195 

+ 144 
0 

+ 18 

- 47 
· · § 

+ 51 

- 61 

+ 7 
- 52 
- 48 

- 37 

- 75 

1 

* See table 15 for estimated actual marketings and table 24 for model III results. 
t Under model III the feed conversion efficiency was set equal to the United States average for all regions, as compared 

with differences in feeding activities among regions as shown in appendix table C. 
Í No feeding was included in either model I or II for regions 1, 2, 7, 15, 17, 19, and 20. 
§ Percentage increase infinite since no feeding was included under model II. 
11 The increase from model II to model III is due to an increase in feeder cattle availability in region 12 introduced 

for computational purposes. 
1 Less than 0.5 per cent. 

An increase in the feeding efficiency 
index from model I I was made in nine 
regions in model I I I . In four of these 
regions, no feeding was done under 
either program. For three regions (8, 
6, 11), the higher feeding efficiency in­
dex was associated with increased feed­
ing; for one region (9), no change in 

feeding took place; and for the other re-
region (12), a decrease in feeding took 
place. The last mentioned result is due 
to the relatively greater increase in feed­
ing efficiency in region 11. Thus, in an 
interregional model, the importance of 
relative levels of costs is emphasized. In 
this model where intermediate products 
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of feeds and feeder cattle are involved, 
shifts in any one region set off a chain 
reaction, the quantitative nature of 
which are difficult to specify without re­
running the problem. But the im­
portance of considering the effect of 
such variables as regional supplies of 
intermediate products, nonfeed costs, 
and feeding efficiency is evident. 

A decrease in the feeding efficiency 
index from model I I was made for 
eleven regions in model I I I . In three of 
these regions, no feeding was done 
under either program. The lower feed­
ing efficiency index was associated with 
reduced feeding in seven of the regions 
(3, 4, 5, 10, 14, 16, 18), and increased 
feeding in one region (13). I t is impor­
tant to note that the reduction in the 
feeding efficiency index of three points 
in regions 13,14,16, and 18 is associated 
with wide differences in both the abso­
lute and percentage changes in numbers 
marketed. The change in any given re­
gion depends not only on the magnitude 
of its change but on the interrelated 
changes in other regions. 

The assumption of equal feeding effi­
ciency by region is probably not a real­
istic one but it does allow analysis of 
change in location due to this factor. In 
addition to the changes in location dis­
cussed above, there are interesting 
changes in the level of shipment of 
feeder cattle, feed concentrates and 
roughage. As might be expected, if there 
are no regional advantages in feeding 
efficiency, there is less reason for ship­
ments of intermediate products. This is 
clearly indicated in the comparison be­
tween model I I and III . Under model 
II, total interregional shipments of 
feed concentrates equal 36,870 million 
therms of which 33,482 million therms 
are shipments to meet the regional defi­
cits specified in the problem (see table 
19). Shipments of concentrates for 
cattle feeding equal 3,388 million 
therms, and represent 9.2 per cent of 
total shipments. Under model III , total 
shipments equal 34,626 million therms, 
with shipments for cattle feeding equal 

to 1,144 million therms, or 3.3 per cent 
of the total shipments. 

A similar situation holds for rough­
age shipments. Under model II , total 
roughage shipments equal 5,596 million 
therms, of which 3,253 million therms 
are shipments to meet regional deficits. 
Shipments for cattle feeding equal 
2,343 million therms, and represent 42 
per cent of total shipments. Under 
model III , no shipments are included 
for purposes of cattle feeding, with each 
producing region being self-sufficient in 
roughage supplies. 

In summary, the major shifts in feed­
ing location between models I I and I I I 
include the following: (1) Increased 
feeding in the Western region, with de­
creased feeding in Southern California 
being more than offset by increases in 
the Mountain States; (2) increased 
feeding in the Northern Plains, with de­
creased feeding in region 10 being much 
more than offset by the introduction of 
feeding in region 11, due to a major 
shift in feeding efficiency indexes of 
these two regions; (3) decreased feeding 
in the Southern Plains (region 12) in 
spite of an increase in the feeding ef­
ficiency index. This is associated with 
the change in region 11; (4) decreased 
feeding in the Corn Belt and Lake 
States, associated with a decreased feed­
ing efficiency index; and (5) a similar 
decrease in the Northeast associated 
with a decreased feeding efficiency in­
dex. 

The measure of the degree of ineffi­
ciency in the "actual" location of feed­
ing as compared with model I I I indi­
cates an index of 55, which is lower 
than that for model I I (58) but higher 
than for model I (45). If one were to 
argue that the actual 1958 location were 
in fact efficient, the index would then 
indicate the relative accuracy of the 
specification of the problem in the sev­
eral models. On this basis, model I I 
would appear to be the best represen­
tation. On the basis of experimental evi­
dence used to derive the production 
function, it appears that regional dif-
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TABLE 25 
REGIONAL MARKETINGS UNDER MODEL IV AND ACTUAL 1958 MARKETINGS AND CHANGE FROM 

MODEL I I TO MODEL IV ASSOCIATED W I T H CHANGE IN THE SPECIFICATION OF 
REGIONAL CONSUMPTION OF F E D AND NONFED B E E F 

Region 

West 
1 
2 
3 
4 
5 
6 
7 
Í 
9 

Tota l 

Nor the rn P la ins 
10 
11 

Tota l 

Sou the rn P la ins 
12 

Corn Belt a n d Lake 
Sta tes 

13 
14 
16 

To ta l 

Nor theas t 
18 

South 
15 
17 
19 
20 

Tota l 

To ta l 

Market ings of fed cat t le :* 

Ac tua l Model IV Model I I 
Change from 
Model I I t o 

Model IV 

thousand head 

253 
571 
570 

38 
280 
400 
175 
648 

68 

3,003 

541 
1,556 

2,097 

400 

681 
3,917 

745 

5,343 

134 

83 
73 
96 
37 

289 

11,266 

0 
0 

128 
8 

91 
390 
323 
644 
164 

1,748 

2,211 
1,559 

3,770 

1,550 

1,442 
1,955 

578 

3,975 

232 

0 
0 
0 
0 

0 

11,275 

0 
0 

527 
92 

1 
169 

0 
297 
257 

1,343 

3,278 
0 

3,278 

1,329 

1,282 
3,107 

578 

4,967 

349 

0 
0 
0 
0 

0 

11,266 

0 
0 

- 399 
- 84 
+ 90 
+ 221 
+ 323 
+ 347 
- 93 

+ 405 

- 1 , 0 6 7 
+ 1,559 

+ 492 

+ 221 

+ 160 
- 1 , 1 5 2 

0 

- 992 

- 117 

0 
0 
0 
0 

+ 9Î 

Beef from feedlot marke t ­
ings as a percentage of 

to ta l consumpt ion 

Model l i t 

per cent 

0 
7 

74 
46 

1 
46 
0 

46 
46 

46 
0 

46 

46 
48 
76 

64 

0 
4 

23 
22 

46 

Specification 
change from 
Model I I to 

Model IV 

percentage 
points 

+ 4 6 
+ 3 9 
- 2 8 

0 
+ 4 5 

0 
+ 4 6 

0 
0 

0 
+ 4 6 

0 

0 
- 2 
- 3 0 

- 1 8 

+ 4 6 
+ 4 2 
+ 2 3 
+ 2 4 

0 

* See table 15 for estimated actual marketings; table 26 for model IV results; and table 22 for model II results. 
t Shipment pattern for all beef shipments is based on data given in table 22. The allocation between fed and nonfed 

beef, which is arbitrary for some regions, was made as follows: (1) Regions in which production plus nonfed beef supply 
exceeds consumption, fed beef assumed to equal 46 per cent of regional consumption (regions 4, 5, 6, 8, 9, 10, 12, 13, 14); 
for regions in which production plus nonfed beef supply less than consumption, shipments from surplus regions are residuals 
of fed or nonfed beef (regions 3, 16, 18) ; for regions in which no feeding is done and are supplied by nonfed beef from nonfeeding 
areas, nonbeef supplies equal 100 per cent of consumption (regions 1, 7, 11, 15); and regions in which no feeding is done and 
are supplied by regions in which feeding may or may not take place, shipments from surplus regions are residuals of fed or 
nonfed beef (regions 2, 17, 19, 20). 

X The increase from model II to model IV is due to an increase in feeder cattle availability in region 12 introduced for 
computational purposes. 
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ferences in feeding efficiency do exist. 
Thus, although the exact level of feed­
ing efficiency among regions may be 
subject to considerable error, the argu­
ment is made that models I and I I prob­
ably are better representations of rele­
vant feeding conditions than is model 
I I I . 

As to the validity of models I and II , 
in the short run, nonf eed costs associated 
with fixed costs of buildings are not a 
relevant consideration, but those asso­
ciated with the variable items such as 
labor are relevant. Model I I results may 
be more representative of the short-run 
situation whereas model I may repre­
sent a long-run equilibrium, assuming 
cost levels are accurate. There is some 
difficulty in the treatment of fed and 
nonfed beef which is considered to be 
identical under these three models. An 
alternative specification is given next in 
model IV. 

MODEL IV 
This model corresponds to model I I 

in the specifications that nonfeed costs 
are equal among regions for a given 
feeding activity, and that feeding effi­
ciency differs among regions. I t in­
troduces an additional specification; 
namely, that the proportion of total 
consumption that is fed beef is the 
same in all regions. This modification 
appeared to warrant consideration since 
in the optimum solution of model II, the 
percentage of regional consumption that 
was fed beef ranged from zero in regions 
1, 7, 11, and 15, to 76 per cent in region 
16. The proportion of consumption that 
is fed beef in model I I is shown in table 
25 for each of the 20 regions, with the 
method used in allocating shipments ex­
plained in a footnote. In model IV the 
proportion that is fed beef was set equal 
to 46 per cent of consumption in each 
region. Thus, where some arbitrary allo­
cation of shipments between fed and 
nonfed beef was possible in model II , a 
level of 46 per cent was used to provide 
as rigorous a test as possible as to the 
effect of forcing all regions to have con­

sumption composed of the same per cent 
of fed beef. 

Determination of the shipment pat­
terns under model IV was estimated 
separately for nonfed beef and for fed 
beef. With given levels of regional avail­
ability and consumption of nonfed beef, 
this aspect was treated as a transporta­
tion problem using the relevant transfer 
costs for beef. (See Dorf man et al., 
1958, p. 106.) The spatial equilibrium 
model was then used to obtain produc­
tion and shipment patterns for fed beef 
and related shipments of feeder cattle 
and feeds. The shipment patterns are 
summarized in table 26 for fed and non-
fed beef and for feeders, concentrates, 
and hay. 

Under model II, there is a direct cor­
respondence between regions in which 
no feeding is done and those with below-
average proportion of fed beef con­
sumption. Of the nine regions with low 
fed beef consumption in model I I (re­
gions 1, 2, 5, 7, 11, 15, 17,19, 20), there 
is no feeding in eight and only 1,000 
head fed in region 5. 

Under model IV, feeding was done in 
14 regions as opposed to 12 in the pre­
vious three models. However, feeding is 
not introduced in any of the models in 
regions 1, 2, 15, 17, 19 and 20. An in­
creased number of cattle are fed in the 
total Western region. Self-sufficiency is 
maintained in fed-beef supplies, but 
nonfed beef is now shipped out of the 
region with the higher production level 
of fed beef. Correspondingly, fewer ani­
mals are fed in all other regions. 

Within the Western region, feeding 
was introduced or increased in two re­
gions (5 and 7) associated with the 
higher specification for fed beef, and 
decreased in region 3 associated with 
the lower specification for fed beef. In 
two regions (1 and 2), feeding was not 
introduced even with more favorable 
conditions. In the remaining four re­
gions in which the specification was un­
changed, feeding increased in two (6, 
8) and decreased in the other two (4 
and 9). As has been found previously, 
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this result is due to the interrelations 
in factor shipments and also in this case 
to the somewhat arbitrary allocation of 
shipments in model I I between fed and 
nonfed beef. 

In the other regions, feeding was in­
troduced in region 11 associated with 
the higher demand specification for fed 
beef. For regions with a lower specifica­
tion for fed beef, feeding was decreased 
in two regions (14 and 18) and re­
mained unchanged in region 16 in three 
regions associated with the lower speci­
fication for fed beef. In four regions 
(15, 17, 19, and 20), no feeding was in­
troduced even with the more favorable 
demand specification. In three regions 
in which the specification for fed beef 
remained essentially unchanged, feed­
ing increased in two regions (12 and 
13) and decreased in region 10. 

In general, the results of this analy­
sis are consistent with the expectation 
that an increase (decrease) in the speci­
fication of consumption that is fed beef 
would result in an increase (decrease) 
in beef production. The location of feed­
ing in model IV more closely approxi­
mates that for 1958 than does model II , 
which may be an indication of the im­
portance of this specification for the de­
mand for beef. The measure of ineffi­
ciency in the "actual" location of feed­
ing for model IV equals 65 as compared 
to 58 for model II . 

Results from this analysis would tend 
to support the view that in spatial equi­
librium models, it is important to at­
tempt to specify the demand and supply 
of beef more closely than to assume that 
beef is a homogeneous item. The model 
should differentiate between a good or 
choice grade animal marketed from the 
feedlot and an animal culled from the 
dairy herd. Lack of data, however, make 
any refined specification superfluous. 
The type of adjustment attempted in 
model IV appears to be warranted, and 
the results caution the reader as to the 
possible limitations of the previous 
models. Further improvement might be 
introduced with separate demand func­

tions for the various grades of beef if 
data should be made available and fur­
ther refinement of the demand interrela­
tionships among various kinds of meat, 
by region. 

IMPUTED REGIONAL 
FACTOR PRICES 

One of the properties of linear pro­
gramming problems is that the dual 
solution provides imputed prices of fac­
tors consistent with the equilibrium 
flows. The imputed prices for feed con­
centrates and roughages are in terms of 
dollars per 1,000 therms and relate to 
prices at the feedlot location. To com­
pare regional prices received by farmers 
with the imputed prices, two adjust­
ments were necessary. First, the con­
centrate price was converted to a price 
per bushel of corn by multiplying the 
price per therms by the number of 
therms per bushel (44.86 therms). Simi­
larly, the imputed price for roughage 
was converted to a price per ton of 
baled alfalfa hay by multiplying the 
price per therm by the number of 
therms per ton (812 therms). The second 
adjustment was to deduct the within-
region transportation cost from the 
imputed price at the feedlot location to 
obtain the price at the feed producer 
level. (See figure 2 and related discus­
sion in the text for an explanation of 
the relevant level of prices.) For corn, 
this within-region transportation cost 
is 7 cents per bushel and for alfalfa 
hay, $3.20 per ton. The adjusted im­
puted prices are shown in table 27 for 
model I with comparable data on prices 
received by farmers for corn and al­
falfa hay. The level of imputed prices 
in the other models were comparable to 
those for model I. For model I, the level 
of imputed prices in the 20 regions aver­
aged 22 per cent above the price re­
ceived for corn and 50 per cent above 
that for alfalfa hay. The difference in 
the price level is not uniform among 
regions, however, which raises questions 
as to the production response by feed 
producers if such regional prices exist. 
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To check the relative level of prices 
by region, a comparison is made by 
ranking regions as to the level of actual 
and imputed prices and performing a 
rank correlation test. For corn, the co­
efficient of rank correlation equalled 
.88 for models I and II , .90 for model 
I I I , and .89 for model IV. These results 
would tend to indicate that the relative 
regional prices of the models were 
fairly consistent with actual prices. This 
is in part due to the fact that 9 of the 
20 regions were specified as deficit in 
feed concentrates and thus prices in 
these regions would be higher than the 
supplying regions. The results tend to 
support the reasonableness of the feed 
concentrate flows for the entire model. 
However, for a particular region, such 
as 10, the imputed price for corn is 
such that the production response by 
grain producers would be considerable. 
This difference between actual and im­
puted is associated with the large in­
crease in feeding in region 10, with 
large inshipments of grain, and thus the 
high imputed price. The problem re­
flected here is that the model is a partial 
equilibrium approach for one segment 
of the livestock-feed economy. Thus, the 
equilibrium applies only in a narrow 
context, and the inferences that may be 
drawn from the model results are se­
verely limited. 

The relative price structure for 
roughage is less reassuring. The coef­
ficient of rank correlation equals .51 for 
model I, .50 for model II , .51 for model 
III , and .56 for model IV. Less accuracy 
is evident in the basic data for roughage 
than for concentrate feed, and this may 
cause some difficulty in these results. 
Another factor, noted previously, that 
warrants consideration is that the ship­
ments of roughage in model I I I are 
made only to meet specified regional de­
ficits in seven regions. Consider ship­
ments in model I I I made from region 5 

(Utah-Idaho) to region 1 (Washington-
Oregon). No feeding is indicated in 
region 1. The difference in imputed 
prices between these two regions is 
$14.68 per ton reflecting the rail ship­
ment cost between the central points of 
the two regions. I t is reasonable that 
shipments are made between these two 
regions based on shipment patterns for 
1954 estimated by McGlothlin (1957, p. 
14). The hay movement in the Western 
region was predominantly by truck. 
Undoubtedly the rail rates used in this 
study for shipments between adjacent 
regions overstate the cost of such ship­
ments if made by truck. Further refine­
ment of the model should include speci­
fication of a transfer function for feed 
that includes truck shipments for that 
range of shipment distances for which 
truck shipment costs are lower than for 
rail shipments. 

Prices of feeder cattle are available 
for 18 regions and provide a basis of 
comparison for imputed prices in the 
four models, as shown in table 28. The 
simple average of these 18 regional 
prices for stocker and feeder calves of 
good grade weighing between 500 and 
800 pounds equalled $25.18 per 100 
pounds as compared with an average Of 
$24.59 per 100 pounds in the same 
regions for imputed prices under model 
I. Thus, the level of imputed and actual 
prices correspond closely. The relative 
prices by region were checked by means 
of the rank correlation test employed 
for feed grains and hay. The correlation 
coefficient equalled .57 for model IV, 
.48 for model III , and .27 for both 
models I and II . With different feeding 
locations under the model results than 
under actual 1958 conditions, it would 
be expected that imputed feeder cattle 
prices by region also differ from actual 
prices as is reflected in the rank correla­
tion coefficients. 
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REGIONAL PRICES FOR BEEF 
AND CONSUMPTION LEVELS 

Prices for carcass beef are available 
for seven markets for 1958, as indicated 
in table 29. Price quotations for Denver 
and Omaha were initiated in September, 
1958 and thus data relate only to the 
September-December average. For the 
Los Angeles market, the September-
December average price was $1.61 lower 
than for the calendar year average for 
1958. If the prices in Denver and 
Omaha are raised by this amount 
($1.61), the average wholesale price in 
the seven markets equals $44.84 per 100 
pounds for choice steer beef carcasses 
weighing 600-700 pounds, as compared 
to equilibrium market prices in the 
same seven regions for model I equal to 
$45.21 per 100 pounds. Prices for 
models I I and I I I are slightly higher 
than for model I. Thus, the level of 
prices of the model is slightly higher 
than actual prices, although there is a 
reasonably close correspondence be­
tween these price levels. A comparison 
of the relative prices for carcass meat 
by region under actual and model I re­
sults indicates a rank correlation co­
efficient of .68 for the seven regions for 
which data are available. This compari­
son is limited by lack of data for all 
regions. However, based on available 
data, the results do not appear to be un­
reasonable. 

The consumption of beef by region ob­
tained in the model are consistent with 
the demand function used in the analy­
sis. The accuracy of the consumption 
levels are difficult to check due to in­
adequate data on meat shipments among 
states. An analysis of regional differ­
ences in beef consumption is given by 
Lanahan (1957) based on the 1955 
Household Food Consumption Survey. 
Data relate to the quantity of meats 
used at home per person in a week dur­
ing the spring of 1955. The following 
regional differences from the United 
States average consumption level of 
beef are indicated: West, 130 per cent; 

North Central, 121 per cent; South, 68 
per cent; and Northeast, 103 per cent. 

A comparison of beef consumption 
levels was made between that in model 
I and an estimate for 1958 based on the 
survey data. This estimate was based on 
the beef consumption per person for the 
United States of 80.5 pounds, the re­
gional differences noted above, and on 
July 1, 1958 population levels for the 
regions used in this study. The compari­
son is as follows: 

ESTIMATED BEEP 
CONSUMPTION 

FOE 1958 BASED ON : 

West (regions 1-9) 
North Central (regions 

10, 11,13,14,16) 
South (regions 12,15, 

17, 19, 20) 
Northeast (region 18) 
United States 

SURVEY 
DATA MODEL / 
BILLION POUNDS 
2.6 

4.9 

2.6 
3.9 

14.0 

2.1 

4.3 

3.4 
4.1 

14.0 

There is no assurance that the survey 
data accurately represent regional con­
sumption levels for the year 1958. How­
ever, the differences do indicate possible 
limitations in the demand function em­
ployed in the analysis. To illustrate, for 
the West, consumption in model I is 
500,000,000 pounds less than that esti­
mated from the survey data. This rep­
resents approximately 900,000 head of 
cattle. In each of the four models, cattle 
feeding took place in the West to satisfy 
consumption levels. If this result held 
under a revised demand specification, 
the level of feeding in this region would 
approximate actual feeding levels, espe­
cially for model IV (see table 26). In­
formation on consumption levels by 
region would be particularly helpful in 
further refinement of the model. 

EVALUATION OF RESULTS 
There are substantial differences be­

tween actual 1958 f eedlot marketings by 
region and those estimated by models 
I-IV. These models would indicate a 
large degree of inefficiency in present 



HILGARDIA · Vol. 34, No. 10 · July, 1963 395 

locations as reflected by the index of 
efficiency which ranges from 45 for 
model I to 65 for model IV (see table 
30). This index would equal 100 if 
model locations corresponded exactly to 
actual locations. It should be clear that 
the model is normative in nature, indi­
cating the adjustment pattern in the 
long run if conditions specified for 1958 
were to continue to exist. However, it is 
also clear that the results obtained de­
pend directly on the accuracy of the 
basic data and the specifications of the 
model as to such important variables as 
the feed conversion efficiency by region, 
nonfeed costs, transfer costs, feed sup­
plies for beef cattle feeding, and the 
nature of the demand for beef. The 
reason for alternative formulations of 
the problem in the several models was 
an attempt to determine the shifts in 
location associated with changes in such 
key variables as feeding efficiency, non-
feed costs, and the demand for fed and 
nonf ed beef. 

Nonfeed costs differ by region under 
model I and are equal under model I I 
(also under models I I I and IV) . In the 
short run, operators with fixed plant 
will continue in production although 
other regions might offer possibilities of 
a higher return. Thus, in a comparison 
of actual and estimated locations, there 
may be good reason for specifiying these 
costs as equal among regions. However, 
in the long run, differences in nonfeed 
costs must be considered in establishing 
new locations. I t appears important to 
determine accurately nonfeed costs by 
region, as was attempted for model I 
specifications. The accuracy of these 
data, of course, are subject to limita­
tions, and further work on refinement 
of the data is always desirable. A com­
parison of shifts in location due to the 
changed specification of nonfeed costs, 
as given in table 21, provides some in­
sight as to the importance of this vari­
able in the present model. 

Feed conversion efficiency by regions 
is an important consideration as re­
flected in the results of model I I where 

regional differences are specified as com­
pared with model I I I for which feeding 
efficiency is assumed equal for all re­
gions. Possible reasons for differences 
among regions in feed conversion ef­
ficiency include management skills in 
feeding, the quality of the feed, the type 
of livestock fed, and weather conditions. 
In the long run, management skills may 
be completely mobile. The composition 
of the ration, however, depends on the 
feeds produced in the area or feeds that 
may be transported at a reasonable cost. 
Further, weather conditions may con­
tinue to favor one region over another. 
The quantitative effect of weather on 
feeding efficiency is not readily avail­
able, although informed sources indicate 
the adverse effect of extreme cold or 
heat on the amount of gain with a given 
feed input. The importance of experi­
mental evidence on feeding efficiency 
under varying conditions and by re­
gions is evident from this study. The 
analysis made of feeding efficiency by 
region in this report indicates that dif­
ferences do exist, although the par­
ticular levels of feed conversion used in 
models I, II, and IV may be subject to 
considerable error. 

In model IV, the proportion of total 
consumption that was fed beef is speci­
fied as equal for all regions. This model 
is directly comparable with model II ex­
cept for this specification. Results indi­
cate that such a specification for beef 
provides feedlot locations more in line 
with actual locations, and that consider­
ation should be given this factor in more 
refined models. However, not all fed 
beef is a homogeneous product, and the 
question is raised as to the correct speci­
fication of the demand function for beef 
even apart from the model's basic de­
pendence on a "given" demand func­
tion. Here again, further refinement is 
required especially on regional dif­
ferences in consumption levels. 

The value of imputed prices for feeder 
cattle, feed concentrates, and hay, ob­
tained from the dual solution, can be 
compared with actual regional prices as 
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TABLE 30 
SUMMARY INDICATORS OF MODEL RESULTS 

Model 

I 
I I 

I l l 
IV 

Efficiency 
index of actual 

1958 location 

index 

45 
58 
55 
65 

Hank correlation of actual and imputed 
priced by region for: 

Feeder cattle Corn Hay 

corrélation coefficient 

.27 

.27 

.48 

.57 

.88 

.88 

.90 

.89 

.51 

.50 

.51 

.56 

Consistency as to 
direction of change 
between (1) actual 
vs. model market­
ings and (2) pro­
portion of cattle 

on feed by region 
for 1955-57 vs. 

1959-62 

number of regions 

8/16 
7/16 

11/16 
10/16 

to level and as to regional ranking of 
prices. The level of feeder cattle prices 
corresponded closely to model prices, 
whereas imputed prices for concentrates 
were 22 per cent higher than actual 
prices, and imputed prices for roughage 
averaged 50 per cent higher than actual 
prices. The regional ranking of actual 
prices was compared with imputed 
prices by means of Spearman's rank cor­
relation test. The results, summarized 
in table 30, indicate higher coefficients 
in general for models I I I and IV. The 
imputed prices for feed concentrates 
correspond more closely to actual prices 
than do prices for hay or feeder cattle. 
The imputed prices for the feed con­
centrates and roughage depend to some 
extent on the assumed regional avail­
ability for livestock feeding, which were 
specified as deficits in some regions. Al­
though this model specification appears 
valid in this partial equilibrium ap­
proach, the desirability of a model con­
sidering all aspects of the feed-livestock 
economy is obvious. For feeder cattle, 
imputed prices reflect feeding locations, 
and since model locations differed mark­
edly from actual 1958 locations, it is not 
surprising that there is a low correlation 
between actual and imputed feeder 
cattle prices. 

Shifts in the location of feeding 

among regions are indicated in the com­
parisons given between actual 1958 re­
gional marketings and those under the 
normative model results. For important 
feeding areas, the results indicate in­

creased relative importance of feeding 
in the Northern Plains and Southern 
Plains and decreased relative im­
portance of feeding in the Corn Belt 
and Lake States and in the West. How 
do these results compare with actual 
changes in the relative importance of 
cattle feeding areas? 

Data are available on the number of 
cattle on feed on January 1 for the years 
1955-62 for 26 important feeding states. 
These states correspond to those in­
cluded in the model with the exception 
of those in the South (regions 15, 17, 
19, 20).22 To obtain an indication of ac­
tual shifts in regional importance in 
cattle feeding, a comparison was made 
of the proportion of the total number of 
cattle on feed in the various regions in 
1955-57 and 1959-62. The change be­
tween these two periods is considered to 
represent the actual direction of change 
in regional importance of cattle feeding. 

A comparison is given in table 31 be­
tween: (1) the actual change in regional 
importance of cattle feeding between 
1955-57 and 1959-62; and (2) the direc­
tion of change between actual 1958 mar-

22 The model includes f eedlot marketings from the following number of states, by region : West 
(11), Northern Plains (4), Southern Plains (2), Corn Belt and Lake States (8), Northeast 
(1 out of 11), and South (12). 
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Fig. 7A. Cattle on feed January 1, 1955-62, actual and trned (rate of yearly change) 
in the western region. 
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Fig. 7B. Cattle on feed January 1, 1955-62, actual and trend (rate of yearly change) 
in other regions. 
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TABLE 32 
NONFEED COSTS IN CENTS PER HEAD PER D A Y FOR MODEL FEEDLOTS OPERATED 

AT VARIOUS PERCENTAGES OF MAXIMUM ANIMAL OUTPUT 
3 LOTS OF CATTLE F E D 120 DAYS 

Feedlot designed capac i ty 

3,760 head 
7,520 head 

11,280 head 
15,040 head 
22,560 head 

Per cent of m a x i m u m o u t p u t * 

100 

7.19 
6.18 
5.92 
5.75 
5.57 

80 

7.99 
6.77 
6.46 
6.25 
6.03 

60 

9.33 
7.75 
7.35 
7.08 
6.79 

40 

11.99 
9.70 
9.13 
8.73 
8.32 

20 

19.99 
15.56 
14.46 
13.70 
12.91 

* The number of cattle fed for respective feedlots assuming 3 lots per year is as follows: 

Feedlot designed 
capaci ty 

3,760 
7,520 

11,280 
15,040 
22,560 

Per cent of m a x i m u m o u t p u t 

100 

11,280 
22,560 
33,840 
45,120 
67,680 

80 

9,024 
18,048 
27,072 
36,096 
54,144 

60 40 

number of head 

6,768 
13,536 
20,304 
27,072 
40,608 

4,512 
9,024 

13,536 
18,048 
27,072 

20 

2,256 
4,512 
6,768 
9,024 

13,536 

SOURCE: King, G. A., 1962. 

ketings and results under models I-IV. 
The comparison is in terms of con­
sistency between (1) and (2) above as 
to direction of change; that is, if both 
measures indicate an increase (de­
crease) in feeding, the results are con­
sidered consistent. In general, results 
are consistent for regions other than the 
West, although results are consistent for 
regions 5 and 9 for all models, and con­
sistent in one model for regions 4, 5, 7, 
and 8. The number of regions for which 
consistent results were obtained for the 
16 regions included in this comparison 
are: 11 for model I I I , 10 for model IV, 
8 for model I, and 7 for model I I . Re­
sults from this comparison indicate that 
further study is required as to the pos­
sible incorporation of additional factors 
that affect the location of the feeding in­
dustry. 

The trend in the number of cattle on 
feed January 1 for the years 1955-62 is 

given in figure 7. Trend values are in­
dicated for each region, giving the an­
nual growth in number of cattle on feed 
for the period.28 In general, regions with 
the higher growth rates correspond to 
regions for which the proportion of 
cattle on feed increased between 1955-
57 to 1959-62. 

OTHER FACTORS INFLUENCING 
FEEDLOT LOCATION 

Three additional considerations in 
feedlot location should be mentioned 
briefly. These include: (1) the effect of 
economies of scale in feedlot operations, 
(2) the effect of shipping into feeding 
regions feeder calves weighing 350 
pounds, rather than 650-pound animals, 
to be used as stockers on seasonal range 
or other inexpensive sources of gain, 
and (3) the effect of the present loca­
tion of slaughter plants on feeding loca­
tions. 

2 8An exponential curve was fitted to the data with equation of the following type: 
where Y is the number of cattle on feed January 1, and X is the year. 

Y = al·* 
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Feedlot Economies of Scale 
Economies of scale in feedlot opera­

tions may influence the optimum loca­
tion pattern. This would be true in the 
long run only if there were character­
istics of a region, such as weather con­
ditions, that favored construction of 
large-scale feedlots and/or more com­
plete utilization of facilities the year 
around. Areas in the Southwest would 
appear to have an advantage in this re­
gard as compared with the Northern 
Plains. 

Nonfeed costs were quantified in a 
study by King (1962) of large feedlots 
with designed capacity ranging from 
3,760 head to 22,560 head. Costs associ­
ated with various annual outputs for the 
five model feedlots are given in table 
32; if lots are operated at 80 per cent 
of maximum annual output per year, 
the cost equals 8.0 cents per head per 
day for the feedlot with designed ca­
pacity of 3,760 head and 6.2 cents per 
head per day for the feedlot with 15,040 
head designed capacity. This difference 
of 1.8 cents amounts to $2.63 for the 
146-day feeding period of feeding ac­
tivity B. It requires 1.8 feeders to pro­
duce 1,000 pounds of beef for this ac­
tivity, and so the cost per 1,000 pounds 
of beef for the large lot is $4.73 less than 
for the smaller lot. This accounts for 70 
per cent of the value of the partial de­
rivative associated with introducing 
feeding activity B for region 2 in model 
I ($6.63 as shown in table 20). If feed-
lots are operated at a higher percentage 
of capacity in one region than in an­
other due to weather conditions, the cost 
difference might be even larger. 

Seasonality Considerations 
The annual model employed in this 

study may ignore important seasonal 
factors affecting location of feedlots. 
The availability of winter ranges in 
areas such as California provides the 
possibility for shipment of feeder 

24 Quarterly indexes were based on data for 
method outlined by Foote and Fox (1952). 

calves into the region at weights of 350-
500 pounds to take advantage of inex­
pensive gains before animals are placed 
in the feedlot. Roughage also is avail­
able from sugar beet tops, irrigated pas­
ture, and other roughages for which 
little alternative use exists. Under this 
condition, the 650-pound feeders would 
be located in the region rather than at 
the region of the breeding herd, as as­
sumed in the model. Transportation 
costs into the region would relate to 
350-pound animals rather than 650-
pound feeders. 

The seasonal variation in placement 
of cattle on feed, by quarter, differs 
significantly between the Midwest and 
California as shown in figure δ.24 (Note 
that the scale used in the figure for the 
states of Iowa, Illinois, Nebraska and 
Minnesota is one-half of that used for 
the states of California, Arizona, Colo­
rado, and Texas.) In California, cattle 
placements are at a seasonal peak in the 
April-June quarter, as cattle are moved 
from the range or pastures to feedlots. 
This is in sharp contrast to the other 
seven states, for which seasonal place­
ments are at a peak in the October-
December quarter. For all regions, in-
shipments of stocker and feeder cattle 
are at a peak in the October-December 
quarter. Marketings show less seasonal 
variation in the Midwest than in the 
West and Southern Plains areas shown 
in figure 8. 

A quarterly model of livestock feed­
ing would require data as to availability 
of feeder cattle by season and weight, 
as well as data on the seasonal availa­
bility of roughage. I t does not appear 
feasible to attempt such a model with 
the present availability of data. How­
ever, ignoring these considerations may 
explain in part, the results obtained for 
regions 1, 2, and 3. 

Location of Slaughter Plants 
In this model it is assumed that 

slaughtering plants are located at the 

e years 1955-62 and were calculated using the 
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feeding locations, and meat, rather than 
live animals, is shipped to deficit areas. 
This implies that these locations would 
be optimum for cattle slaughtering op­
erations, a point that warrants further 
consideration. If present location of 
slaughtering plants had been specified 
in the model, the location of feeding 
might well have been changed due to 
the high cost of shrinkage for long­
distance hauls of slaughter weight 
animals. 

Packers want to have a ready supply 
of fed cattle available for operating 
their plants at near-capacity levels. This 
had led packers to purchase cattle for 
feeding in their own lots or custom feed­
ing the cattle in large commercial feed-
lots. Scott (1955, p. 48) reports that in 
1951-52, 47 per cent of all cattle in Cali­
fornia f eedlots were owned by packers, 

Economic theory provides the frame­
work for the determination of location 
of economic activity in a general equi­
librium framework. The basic determi­
nants of location include the following: 
regional endowment of natural re­
sources, production functions that re­
late the combination of resources and 
factors in the production of intermedi­
ate and final products, the transfer 
functions for factors and products, and 
the demand functions for the final 
products. With given levels of factor 
availability, technology, and demand, 
these forces interact to provide a spatial 
equilibrium solution to the location of 
production and the associated flows of 
products and factors among regions con­
sistent with equilibrium products prices 
in the various regions. The analysis of 
location of a particular industry under­
taken in a partial equilibrium frame­
work may ignore important interrela­
tionships with other segments of the 
economy. 

The location of feedlots in various 
regions of the country depends on a set 
of interdependent relationships espe-

whereas in 1952-53, the percentage 
dropped to 32. This decline in packer 
ownership occurred, incidentally, dur­
ing a period of decline in the price of 
cattle. Packer-owned cattle in eight 
other Western states accounted for a 
much lower percentage of cattle fed 
than in California. Data for Oregon and 
Washington were not available. No 
recent data on the importance of packer-
owned cattle are available, but if the 
level approximates that of a decade ago, 
the influence of slaughter plant location 
on cattle feeding is readily apparent. 
This fact may account, in part, for the 
difference between actual and estimated 
locations of feedlots in some regions. 
The equilibrium location of feeding 
would have to be considered jointly with 
the equilibrium location of slaughter 
plants. 

cially in the feed-livestock economy. In 
the aggregate, these relationships in­
volve regional demand for various live­
stock products, production functions for 
livestock products and intermediate 
goods such as feeds and feeder cattle, re­
gional availability of factors of produc­
tion, and transfer cost functions for 
both products and intermediate prod­
ucts that tie regions together in a 
spatial equilibrium sense. An analysis 
of one segment of the livestock complex, 
such as cattle feeding, requires simpli­
fying assumptions as to the other re­
lated segments of the feed-livestock 
complex. 

Feedlot finishing of beef cattle basi­
cally involves the combination of inter­
mediate products of feeder cattle, feed 
concentrates, and roughage with cer­
tain other factors such as labor, capital, 
and land, to produce a final product— 
slaughter-weight cattle. In a sense, this 
also is an intermediate product since it 
must be processed and marketed before 
reaching the ultimate consumer. This 
model delineates an area of study con­
cerned with the location of feedlots, 

SUMMARY AND CONCLUSIONS 
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with given regional demand of a par­
ticular year. Intermediate goods of 
feeder cattle, feed concentrates, and 
roughage may be shipped among re­
gions. Meat is then shipped from pro­
ducing regions to meet regional demand 
levels as specified in the demand func­
tion. As to the regional availability of 
resources such as land, it is assumed 
that f eedlot requirements, as opposed to 
many types of agricultural products, 
are minor and that land is not a limit­
ing factor in determining location. Simi­
larly, labor and capital are not con­
sidered to be limiting factors. The limit­
ing factors, thus become the intermedi­
ate products of feeder cattle, feed and 
roughage. The problem thus formulated 
is a spatial equilibrium model for the 
shipment of product and factors and is 
solved using linear programming tech­
niques. 

The basic specifications and assump­
tions employed in the model may be 
summarized as follows: 

1. The model is static and based on 
conditions for the 1957-58 feeding year, 
with perfect competition assumed. 

2. The location of the basic breeding 
herds (beef cows two years old and 
over) is taken as predetermined. The 
regional supply function for feeder 
calves thus is perfectly inelastic for the 
given year. Further, cattle are assumed 
to be of uniform quality by region and 
feeder cattle for shipment are of uni­
form weight of 650 pounds. 

3. Production of feed concentrates 
and of roughage is assumed prede­
termined for each region, as is carry­
over and regional demand for feed 
(amount and combination) for live­
stock other than feeder cattle. Thus the 
supply of feeds available in each region 
for cattle feeding and for shipment is 
assumed completely inelastic for the 
given year. Feeds within the feed con­
centrate group are considered perfect 
substitutes in terms of net energy, and 
the same assumption is made for feeds 
within the roughage category. 

4. Nonfeed costs of feedlot operations 

relate to a lot with a 5,000 head capacity. 
Feeding operations in any region may, 
by assumption, be expanded by adding 
more f eedlots without increase in costs. 
Differences among regions in wage rates 
and in type of feedlot construction are 
taken into account. 

5. The production function relating 
feed inputs to weight gain is repre­
sented by nine feeding activities for 
each region. Coefficients vary between 
regions depending on the feeding ef­
ficiency determined for that region. 
Within a particular region, all feeders 
are assumed to face an identical produc­
tion function. 

6. The regional supply of beef that is 
not feedlot finished, which is referred to 
here as nonfed beef, is assumed prede­
termined at estimated 1958 levels; that 
the supply is independent of feeding 
operations; and that it is available, in­
distinguishable from fed beef, to meet 
the demand for beef both within the 
region and for shipment to other re­
gions. An exception to this last men­
tioned condition is considered in model 
IV. 

7. The quantity of beef consumed in 
each region is assumed to be a function 
of price, population, and per capita in­
come. No account is taken of supplies or 
prices of other meats. 

8. Bach region is represented by a 
market point used for calculating trans­
fer costs between regions, developed 
from an analysis of rail costs. Intra­
regional transfer costs based on truck 
costs, are allowed for by assuming 
standard average distances of feeding 
locations from the representative mar­
ket points and from sources of supply 
of factors within the region. For prod­
uct shipment, the feedlot operator is 
faced with the alternative of shipment 
within the region (market price less 
within-region transfer costs) or ship­
ment to another region (market price 
less interegional transfer cost). Thus, 
within- or between-region transfer costs 
are deducted from market prices to ob­
tain net prices facing feedlot operators 
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in various regions. Factor transfer costs 
between regions are represented by rail 
costs minus within-region truck costs. 
Transfer costs within a region are de­
ducted since feed and feeder production 
within the region would not correspond 
exactly to feedlot locations. The use of 
net transfer costs thus evaluates the 
relative ability of a surplus or deficit re­
gion to bid for feed or feeder supplies 
at the feedlot location. 

9. The cost of slaughtering is assumed 
to equal the by-product value in all re­
gions. Thus, the supply of slaughtering 
service is treated as perfectly elastic at 
the price represented by the byproduct 
value. Location of slaughter plants is as­
sumed to approximate that for feedlots. 
Thus, the decision as to whether 
slaughter animals or meat are to be 
shipped depends on the relative rail 
rates, which turned out as calculated, 
always to favor meat shipment. 

The equilibrium flows under the above 
model specifications are obtained by 
using a given set of regional product 
prices and associated quantities con­
sumed consistent with the demand func­
tion. Imputed product prices are 
checked with the assumed prices and if 
these are not equal, a revised set of 
prices is used and the procedure re­
peated. At least three sets of prices 
were required to obtain the desired equi­
librium conditions for each model. 

In model I, feeding efficiency and 
nonfeed costs differed by region. The 
estimation of feeding efficiency was 
based on state agricultural experiment 
station data for recent years, including 
some 156 lots of cattle. Nonfeed costs 
associated with feedlot operations are 
specified for each of the production ac­
tivities in each region. Regional dif­
ferences in costs vary with type of feed-
lot facility (i.e., dirt lot, paved lot, or 
paved lot with shelter) and with labor 
costs based on reported data on farm 
wage rates. For a given region, nonfeed 
costs vary by production activity, de­
pending on the length of time on feed. 
The time required for a given gain de­

pends upon such factors as initial 
weight and the type of concentrate-
roughage ration fed—the higher the 
roughage proportion, the more time for 
a given gain. The time required for a 
given gain was estimated from the ex­
periment station data also. 

Results from model I do not provide 
any simple rules for determining the 
trend in location of feedlots in the 
United States. Rather, they emphasize 
the importance of recognizing the inter­
relationships among factors such as re­
gional demand for meat, transfer cost 
functions, and the supply functions for 
factor and product. The fact that a 
region is in a deficit position for one or 
more factors does not necessarily pre­
clude feeding in that region (e.g., region 
3) nor does possession of an available 
supply of all factors insure that feed­
ing will be located in that region (e.g., 
region 11). Regional differences in non-
feed costs and feeding efficiency speci­
fied in this model appear to be important 
reasons for the location pattern derived. 
If these specifications are correct, then 
the model has served its intended pur­
pose of indicating the optimum loca­
tion of cattle feeding that would result 
in the long run under perfect competi­
tion if conditions existing in 1958 were 
to persist. From the dual solution of the 
linear programming problem, however, 
we find that shifts in location between 
some regions may occur with little 
change in cost. The largest absolute dif­
ference between actual and estimated 
numbers fed occurred in region 10 
(higher estimated numbers fed) and re­
gion 14 (lower estimated numbers fed). 
This difference accounted for about one-
half of the total "misallocated" output 
in the entire system. The total addi­
tional cost of a shift of location from 
region 10 to 14 appeared to rest on a 
cost of approximately four-tenths of a 
cent per pound for carcass beef. How­
ever, for other regions shifts in location 
from the model I optimum could be 
achieved only at considerable cost to 
the economy. 
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Although the validity of a normative 
model should not be judged on its 
ability to indicate feeding locations as 
they actually existed in 1958, there is 
interest in the effect of changes in the 
specifications of the model on the loca­
tion pattern. Refinements in the data 
available on feeding efficiency by region 
and on nonfeed costs, for example, 
would give us more confidence in the re­
sulting pattern of location. Modifica­
tions in the specifications were therefore 
made in subsequent models. In model II , 
nonfeed costs were assumed to be equal 
in all regions. In model I I I , nonfeed 
costs and feeding efficiency were as­
sumed to be equal in all regions. In 
model IV, nonfeed costs were assumed 
equal, and the proportion of beef con­
sumed by region that was nonfed beef 
was forced to be equal in each region. 

In model I I nonfeed costs were set 
equal to those in California (regions 2 
and 3 ). Since the Western region main­
tains self-sufficiency in beef production 
in all models, changes will be discussed 
for this region and for "all other re­
gions." Nonfeed costs remained un­
changed in region 3 but feeding in­
creased due to the cost increase in other 
areas in the West. Feeding decreased 
in regions 7 and 9, those for which non-
feed costs were increased by the largest 
amount. Although the cost increase was 
greater in region 9, feeding decreased 
by a greater amount both in absolute 
and percentage terms in region 7. This 
illustrates the importance of consider­
ing all relationships jointly rather than 
drawing conclusions from differences in 
cost of one factor alone. The number of 
head fed in the Western region de­
creased by 32,000 head, but the change 
in the feeding activities was such that 
the quantity of meat produced by de­
creased by only 2 million pounds. The 
shift was to a longer feeding period and 
results in lower feeder cattle require­
ments per 1,000 pounds of carcass beef 
produced. 

In other regions, feeding was in­
creased by regions 14 and 18 associated 

with lower nonfeed costs. The level of 
feeding in regions 13 and 16 remained 
unchanged in spite of lower nonfeed 
costs. In regions 10 and 12, feeding was 
decreased associated with higher non-
feed costs. For the entire 20 regions, the 
location of feeding under model I I cor­
responded somewhat more closely to ac­
tual location than under model I. Non-
feed costs appear to be an important 
variable in the model specification and 
warrant more careful study in any 
future refinement of the model. 

In model III , nonfeed costs and feed­
ing efficiency were assumed to be equal 
in all regions. A comparison of model 
I I and model I I I provides a basis for 
isolating the effect of feeding efficiency 
on feedlot location. In the Western re­
gion, an increase in the feeding ef­
ficiency index in regions 6, 8, and 9 was 
associated with increased feeding in two 
regions and no change in the third. The 
feeding efficiency index was decreased 
in three regions (3, 4, 5) and numbers 
of cattle fed also decreased. Feeding in­
creased to the point where meat ship­
ments were introduced to one region 
outside the West. 

In other regions, the increase in feed­
ing efficiency in two regions was associ­
ated with an increase in one region (11) 
and a decrease in the other region (12). 
This result is explained by a relatively 
greater increase in feeding. 

Within the Western region, feeding 
was introduced or increased in two re­
gions (5, 7) associated with the higher 
specification for fed beef, and decreased 
in region 3 associated with the lower 
specification for fed beef. In two regions 
(1, 2), feeding was not introduced in 
spite of more favorable conditions. In 
the remaining four regions in which the 
specification was unchanged, feeding 
increased in two (6, 8) and decreased in 
the other two (4, 9). As has been found 
previously, this result is due partly to 
the interrelated nature of factor ship­
ment and product shipment patterns. 
In this case, it is partly due to the some­
what arbitrary allocation of shipments 
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between fed and nonfed beef in the 
model I I solution. 

In other regions, feeding was intro­
duced in region 11 associated with the 
higher specification for fed beef and de­
creased (regions 14 and 18) or remained 
unchanged (region 16) in three regions 
associated with the lower specification 
for fed beef. In three regions, no feed­
ing was introduced in spite of the more 
favorable demand specification. In three 
regions in which the specification for fed 
beef remained essentially unchanged, 
feeding increased in two regions (12, 
13) and decreased in region 10. 

The adjustment in model IV is an at­
tempt to specify a more realistic de­
mand relation for beef; that is, one that 
differentiates between a good or choice 
grade animal marketed from the feedlot 
and an animal culled from the dairy 
herd. Other improvements in the de­
mand function could be mentioned but 
are obvious to those familiar with de­
mand analysis. 

Other considerations that might pro­
vide improvements to a spatial equilib­
rium model of cattle feeding include 
the following: (1) differences in non-
feed costs associated with economies of 
scale for regions in which very large 
feedlots may be more feasible and where 
year-round feeding is possible; (2) a 
seasonal model that would allow con­
sideration of the use of seasonal range 
for stocker animals and the shipment of 
feeder animals from breeding areas at 
lighter weights than that assumed in the 
model; (3) inclusion of other livestock 
products in the demand and supply 
functions to give a more general equilib­
rium solution; (4) improved data on 
regional beef demand and feeding ef­
ficiency, nonfeed costs, and feed sup­
plies would of course be desirable; and 
(5) consideration of the interrelated 
nature of adjustments of location of 
feedlots and slaughter plants. 

The principal conclusions to be 
drawn from this analysis relate to the 
usefulness of the general approach and 
to the applicability of the findings in 
indicating possible direction of change 
in the location of cattle feeding. The 
analyses point out the importance of 
consideration of the interrelated nature 
of both factor and product shipment in 
a spatial equilibrium analysis of cattle 
feeding location. In general, the ap­
proach would be strengthened consider­
ably from a theoretical viewpoint by 
consideration of alternative uses for 
feed by various types of livestock rather 
than the partial equilibrium approach 
used. Some useful results were obtained 
by tracing the effect of alternative as­
sumptions as to feeding efficiency and 
nonfeed costs that might not be possible 
in a more complex model. 

The location of feeding in the models 
differed substantially from the actual 
1958 level. The exact difference in cost 
between actual and estimated locations 
cannot be precisely determined since 
data are not available for shipments of 
feeder cattle, feed concentrates, and 
roughage, or for actual consumption 
levels of beef by region. I t has been 
shown that small changes in the speci­
fication of nonfeed costs or feeding ef­
ficiency by region result in sharp shifts 
in the location of feeding. Further re­
finement of the basic data and inclusion 
of the production functions for alterna­
tive livestock products would appear to 
be justified for studies designed for 
other purposes, such as to determine the 
effect on location of alternative govern­
ment programs for wheat and feed 
grains. Computational problems could 
be reduced by considering fewer regions 
and fewer production activities for each 
region. However, the problems en­
countered in this analysis should give 
caution to the research worker in for­
mulating more complex models. 



A P P E N D I X A 

DEVELOPMENT OF FEED D A T A 

CONCENTRATES 
Total concentrate feed available for 

feeding to livestock by region is shown 
in appendix table A-l. Feed available is 
defined as beginning stocks plus current 
crop plus imports from outside the 
United States minus ending stocks 
minus seed use minus industrial use 
minus exports outside the United States. 
The appearance of negative quantities 
for some feed merely indicates inship-
ments from other regions being carried 
out as stocks. 

The net energy value of total feeds, 
use of feed by livestock other than fed 
cattle, and net feed available for cattle 
feeding are shown in appendix table 

A-2. The following factors were used to 
place the feeds on a net energy basis 
(Morrison, 1956): 

FEED 

Barley (Pacific Coast) 
Barley (other) 
Sorghum grain 
Oats 
Corn 
Wheat and rye 

T H E R M S OF 
NET ENERGY 

PER TON 

1,428 
1,410 
1,556 
1,602 
1,602 
1,506 

By-product feed excl. molasses 
and alfalfa meal 

Molasses 
Alfalfa meal 
Formula feeds 

1,420 
1,122 

904 
1,547 

A P P E N D I X TABLE A-l 
CONCENTRATE F E E D AVAILABLE YEAR BEGINNING OCTOBER 1, 

(Thousand tons) 
1957* 

Region 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

12 
13 
14 
15 

16 
17 
18 
19 
20 

Uni ted S ta tes 

Bar ley 

114 
1,034 

182 
17 

593 

249 
926 
397 
22 

1,980 

531 
48 

- 6 5 6 
61 

- 1 3 8 

168 
116 

- 2 4 9 
- 57 

1 

5,339 

Sorghum 
grain 

- 1 1 1 
- 2 3 3 
- 13 
- 27 
- 31 

87 

413 
161 
159 

3,731 
2,441 

647 
61 

36 
93 

- 84 
105 

- 1 

7,434 

Oats 

208 
15 
7 
4 

166 

9 
187 
78 
6 

2,339 

1,088 
640 

4,500 
5,086 

145 

1,582 
81 

975 
454 

4 

17,574 

Cornf 

43 
158 

- 30 
1 

32 
14 

322 
24 

3,326 

6,386 
349 

11,038 
30,613 

786 

11,961 
2,534 

725 
3,546 

213 

72,041 

Wheat 
a n d 
r y e j 

86 
13 
1 
8 

89 

4 
80 
38 

7 
63 

144 
69 
50 

150 
45 

299 
66 

235 
153 

1,600 

B y ­
produc t s 

feeds 
other 
t h a n 

molasses 
a n d 

alfalfa 
meal 

604 
831 
610 

2 
313 

149 
129 
222 
20 

179 

1,252 
1,974 
2,140 
6,616 
1,659 

2,802 
1,221 
1,967 

906 
147 

23,743 

Molasses 

31 
70 
32 
- § 
54 

34 
56 

13 

24 
2 

22 
102 
384 

40 

2 

141 

1,007 

Alfalfa 
meal 

18 
140 
41 

7 
12 

8 
14 

119 
10 
16 

551 
34 
28 
84 
10 

115 
10 
30 

1,247 

Ne t 
effect of 
foreign 

t r ade in 
formula 

feed 

— 76 
5 

34 

— 

- 1 0 4 
35 

- 2 8 7 

2 

- 34 
- 5 
- 3 

- 4 3 3 

* Feed available = beginning stock + crop + imports — ending stock — seed — industrial use — exports. 
t Corn as grain, shelled corn basis. 
t Wheat and rye fed. 
§ Dashes indicate less than 500 tons. 
SOURCE: King, G. A., 1961. 

[ 4 0 8 ] 
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A P P E N D I X TABLE A-2 
ROUGHAGE F E E D PRODUCTION BY REGION, OCTOBER, 1957-SEPTEMBER, 1958 

(Thousand tons) 

Region 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

United Sta tes 

Corn 
silage 

405 
830 
220 

42 
1,190 

75 
660 

2,619 
156 

4,006 

2,682 
280 

16,466 
6,341 

316 

5,013 
747 

10,292 
1,608 

119 

54,067 

Sorghum 
silage 

89 
11 

630 

562 
140 
387 

7,203 
1,814 

2,823 
688 

144 
352 

314 

15,157 

Wet 
bee t 
p u l p 

136 
310 
140 

232 

151 
249 

56 

107 

95 

124 

1,600 

Grass 
silage 

750 
63 
22 

4 
113 

15 
17 
29 

5 
3 

118 
30 

1,781 
834 
143 

2,187 
327 

3,116 
357 

17 

9,931 

Alfalfa 
a n d 

alfalfa 
mix tures 

2,020 
4,076 
1,364 

374 
4,097 

726 
2,761 
1,994 

515 
6,411 

7,989 
1,168 

12,013 
10,934 

239 

6,033 
1,299 
4,216 

815 

69,044 

Clover 
a n d 

t i m o t h y 

752 

53 
294 

490 
320 

11 

71 

3,370 
3,498 

349 

3,471 
1,326 
7,082 

•626 

21,713 

Gra in 
h a y 

347 
721 
134 

11 
65 

92 
300 
140 
24 

235 

317 
883 

81 
699 
438 

408 
147 
649 

5,691 

Wild 
hay 

401 
142 
22 

220 
246 

923 
322 

18 
4,029 

3,390 
626 
602 
209 
196 

11,346 

Lespe-
deza 

-

-

56 
62 

1,475 
902 

98 
1,465 

56 
725 

4,839 

* Dashes indicate amount too small to be significant. 

A P P E N D I X TABLE A-2—Continued 

Region 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

United S ta tes 

Cowpea 

t 

8 

2 
22 

10 

115 

157 

Soybean 

5 
7 
6 

68 
167 

49 
168 
36 

122 

628 

P e a n u t 

1 

103 

68 

2 

240 
26 

440 

Othe r 
h a y 

257 
328 

50 
8 

37 

25 
201 
110 
25 

584 

428 
1,197 

260 
352 

1,248 

181 
392 
867 
399 
170 

7,119 

Sorghum 
forage 

6 
1 

12 
9 

762 
113 
251 

2,425 
3,154 

393 
229 

98 

55 

7,508 

Co t ton ­
seed 
hul ls 

104 
21 

60 

7 

333 

6 
185 

3 
60 

82 
3 

864 

Ne t effect 
of stock 
change 

- 274 
- 54 
- 15 
- 57 
- 322 

- 85 
- 735 
- 474 
- 71 
- 2 , 3 5 8 

- 2 , 7 7 2 
- 753 
- 489 
- 1 , 4 4 7 
- 16 

317 
319 
308 
277 

15 

- 8 , 6 8 6 

t Blanks indicate amount too small to be significant. 
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A P P E N D I X TABLE A-3 
HAY EQUIVALENT OF ROUGHAGE FEEDING RATES BY REGION AND CLASS OF LIVESTOCK 

1957-1958 SEASON 

Region 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

D a i r y cows 

3.4 
3 7 
3.7 
3.7 
5.0 

4.0 
3.15 
3.9 
3.1 
4.15 

3.1 
2.05 
4.0 
3.2 
1.4 

3.5 
2.2 
3.55 
2.3 
1.1 

O the r da i ry 

1.22 
1.33 
1.33 
1.33 
1.79 

1.44 
1.13 
1.40 
1.12 
1.50 

1.12 
.74 

1.44 
1.15 

.51 

1.25 
.79 

1.28 
.83 
.39 

Beef cows 

1.58 
1.58 

.85 
2.21 

.31 
1.23 
1.21 

.23 
1.81 

1.52 
.26 

2.56 
1.25 

.18 

1.50 
1.81 
2.19 
1.20 

0 

Othe r beef 
except cat t le 

on feed 

.91 
1.18 
1.18 

.55 
1.22 

.35 

.91 

.93 

.20 
1.12 

.82 

.14 
1.56 

.84 

.14 

1.10 
1.38 

Horses 
a n d 

mules 

1.82 
3.38 
3.38 
1.97 
1.44 

1.23 
1.24 
1.09 

.47 
1.45 

1.24 
.68 

1.38 
1.10 
1.07 

1.52 
1.21 
3.17 
1.41 

.95 

Sheep 
a n d 

l a m b s 

The feedstuff's used in manufacturing 
formula feeds are included in the feeds 
availability data and therefore only a 
correction for the effect of foreign trade 
need be included. The model treats in­
terregional shipments of formula feeds 
as a part of the concentrate feed group. 

ROUGHAGES 
Roughage production by crop and re­

gion for the 1957-58 season are shown 
in appendix table A-2. The basic data 
source is reported by the Agricultural 
Marketing Service (1958) in Crop Pro­
duction. The total production of wet 
beet pulp is assumed to be the same as 
reported by Jennings (1958) for 1956. 
The regional distribution is estimated 
based on the distribution of sugar beet 
processing. The utilization of grass 
silage is based on the use of grass silage 
in dairy rations reported by the Agri­
cultural Marketing Service (1959B) in 
Milk Production. I t is assumed that all 
grass silage is used in dairy herds. 

On-f arm stocks of hay are reported as 

of May 1. In the current study May 1, 
1957 stocks are treated as beginning 
stocks. For purposes of computing the 
effect of stocks on total supply avail­
able all stocks are treated as if they 
were carried as alfalfa hay. Since al­
falfa meal is treated as a concentrate 
feed the total net energy equivalent of 
alfalfa meal production is subtracted 
from the roughage supply. Hay used in 
meal production is included in the al­
falfa production data. 

Total net energy equivalent of rough­
age feeds available, fed to livestock 
other than feeder cattle, and roughage 
available for cattle feeding are shown 
in table 4. Estimates of roughage used 
by other livestock are on a hay equiva­
lent basis. Three tons of silage are 
equivalent to one ton of hay. Dairy cow 
feeding rates were based on rations re­
ported in Milk Production. Feeding 
rates for other dairy cattle were esti­
mated based on a requirement of one ton 
of hay per head per year and regional 
differences set in accord with the re-
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ported milk cow rations. Roughage 
feeding rates for the remaining classes 
of livestock were based on estimates in 
R. D. Jennings (1954) for the 1949 
feeding year. The feeding rates used in 
terms of hay equivalent of all roughage 
are shown in appendix table A-3. Feed­
ing rates are expressed as tons per head 
on farms January 1. The resulting esti­
mates of roughage use were converted 
to a net energy basis using the average 
net energy content of the hay equivalent 
of all roughages (taking 808.2 therms 
per ton). 

The following values in the text table 
in the adjoining column were used for 
the conversion of various roughages to 
a net energy basis: 

TEED 

Alfalfa and alfalfa 
mixtures (hay) 

Clover and timothy hay 
Grain hay 
Wild hay 
Lespedeza hay 
Cowpea hay 
Soybean hay 
Peanut hay 
Other hay 
Sorghum forage 
Cottonseed hulls 
Corn silage 
Sorghum silage 
Wet beet pulp 
Grass silage 

THERMS OF 
NET ENERGY 

PER TON 

812 
828 
756 
732 
730 
782 
690 
682 
740 
702 
586 
326 
244 
180 
266 



APPENDIX B 
Sources of Data Used in Estimation of the Beef Production Function 

Various authors, Feeding and Breeding Tests, Oklahoma Agr. Exp. Sta. Misc. Publ. 51 (Still-
water, 1958). 

Various authors, Beef Cattle Feeding Investigations 1957-1958, Kansas Agr. Exp. Sta. Circ. 359 
(Manhattan, 1958), pp. 1-22. 

W. B. ANTHONY and others, Fattening Bâtions for Finishing Steers After Summer Grazing, 
Alabama Agr. Exp. Sta. Progr. Eept. Ser. 59 (Auburn, 1955), pp. 1-8. 

M. C. BELL and others, Wood Molasses for Lambs and Steers, Tennessee Agr. Exp. Sta. Bui. 253 
(Knoxville, 1956), pp. 1-13. 

J . E. BRETHOUR et al., 1958-1959 Beef Cattle Feeding Investigation, Kansas Agr. Exp. Sta. 
Circ. 363 (Manhattan, 1959). 

M. T. CLEGG, E. ALBAUGH, and H. H. COLE, The Use of Stilhestrol in Fattening Cattle, California 
Agr. Exp. Sta. Circ. 441 (Berkeley, 1954). 

C. C. CULBERTSON, W. BURROUGHS, J . KASTELIC, and W. E. HAMMOND, Besults of Cattle Feeding 
Experiments, Iowa Agr. Exp. Sta. AH 693 (Ames, 1955). 

E. J . DOUGLAS and others, Feeding Yearling Steers, North Dakota Agr. Exp. Sta. Bimonthly Bui. 
20 (Fargo, 1957), pp. 4-9. 

T. W. DOWE and others, Full Feeding vs. Limited Feeding for Beef Production in Dry Lot and 
on Pasture, Nebraska Agr. Exp. Sta. Bui. 440 (Lincoln, 1957), pp. 1-23. 

T. W. DOWE and others, "Effects of Adequate and Excessive Calcium When Fed with Adequate 
Phosphorus in Growing Eations for Beef Calves," J. Animal Science, Vol. 16, 1957, pp. 
811-820. 

A. L. HARVEY and O. E. KOLARI, "Adding Stilbestrol and an Antibiotic to Cattle Feeding Ea­
tions," Farm and Home Science, 15: (6) Minnesota Agr. Exp. Sta. (St. Paul, 1958). 

N. E. ITTNER, T. E. BOND, and C. F . KELLY, Methods of Increasing Beef Production in Hot 
Climates, California Agr. Exp. Sta. Bui. 761 (Berkeley, 1958). 

E. F . JOHNSON, E. F . EINEHART, and C. W. HICKMAN, Potato Silage for Beef Steers, Idaho Agr. 
Exp. Sta. Bui. 293 (Moscow, 1953). 

T. B. K E I T H and others, Two Batios of Concentrate to Boughage, Four Protein Levels, Two Corn 
Silage Levels, and Two Oil Levels for Steers, Idaho Agr. Exp. Sta. Ees. Bul. 40 (Moscow, 
1958), pp. 1-13. 

E. W. KLOSTERMAN and L. E. K U N K L E , Utilization of Meadow Crops by Fattening Cattle, Ohio 
Agr. Exp. Sta. Ees. Bul. 821 (Columbus, 1958), pp. 1-16. 

E. W. KLOSTERMAN and others, Value of Wheat Protein Hydrolysate as a Protein Supplement 
for Fattening Cattle, Ohio Agr. Exp. Sta. Ees. Circ. 36 (Columbus, 1956), pp. 1-8. 

L. H. LANGFORD and E. J . DOUGLAS, Spayed Heifers vs. Steers and Open Heifers for Feeding, 
North Dakota Agr. Exp. Sta. Bimonthly Bui. 19 (Fargo, 1956), pp. 53-57. 

L. H. LANGFORD and others, Fattening Steers, Open Heifers and Spayed Heifers on High Bough­
age Bâtions, North Dakota Agr. Exp. Sta. Bimonthly Bui. 18 (Fargo, 1955), pp. 46-48. 

W. J . LOEFFEL, Grain Sorghums as Feeds for Beef Cattle and Hogs, Nebraska Agr. Exp. Sta. 
Bui. 439 (Lincoln, 1957), pp. 1-35. 

W. C. MCCORMICK and others, Comparative Value of Coastal Bermuda Grass Silage and Hay 
for Fattening Steers, Georgia Agr. Exp. Sta. Circ. 10 (Athens, 1957), 1015 p. 

J . I . MILLER and others, Feeding Value of Mixed Hays, Grass Silage, and Corn Silage for Steer 
Calves and Beef Cows, Cornell Agr. Exp. Sta. Bui. 923 (Ithaca, 1957), pp. 1-32. 

E. G. MORRISON, Various Feed Grains Compared for Fattening Steers, Mississippi Agr. Exp. Sta. 
Farm Ees. 19 (State College, 1956). 

O. F . P A H N I S H and others, Effects of Boughage Levels on Fattening Cattle in Arizona, Arizona 
Agr. Exp. Sta. Bui. 272 (Tucson, 1956), pp. 1-9. 

B. L. SOUTHWELL and others, Value of Wood Molasses for Fattening Steers, Georgia Agr. Exp. 
Sta. Techn. Bui. 8 (Athens, 1956), pp. 1-10. 

H. T. STRONG, M. T. CLEGG, and J . H. MEYER, Enzymes as a Feed Additive for Finishing Beef 
Cattle, Dept. Animal Husbandry, Univ. of California (Davis, 1959). 

H. THURBER, M. T. CLEGG, H. T. STRONG, Feed Cattle Feeding Trials with Hormones m Imperial 
County, California Agr. Ext. Serv. (El Centro, 1957). 

W. C. WEIR, J . H. MEYER, W. N. GARRETT et al., "Pelleted Eations Compared to Similar Eations 
Fed Chopped or Ground for Steers and Lambs," J. Animal Science, 18(2) , May, 1959. 

E. F . WHEELER, S. G. WOODS, E. L. EDWARDS, and C. W. ACKERMAN, Diethylstilbestral in Fatten­
ing Battons for Dr y-Lot Steers, South Carolina Agr. Exp. Sta. Bui. 483 (Clemson, 1960). 

J . C. WILLIAMS and others, Fattening Light Steers and Heifers in the Gulf Coast Area, Texas 
Agr. Exp. Sta. Progr. Eep. 1982 (College Station, 1957), pp. 1-3. 

J . C. WILLIAMS and others, Fattening Steer and Heifer Calves in the Gulf Coast Area, Texas 
Agr. Exp. Sta. Progr. Eep. 2106 (College Station, 1959), pp. 1-3. 
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A P P E N D I X TABLE D 
N O N - F E E D COST PER 1,000 POUND U N I T OF B E E F * 

Activity identification 

B 

$23.95 
23.89 
23.89 
21.99 
22.56 

21.84 
21.15 
22.19 
20.01 
20.84 

22.52 
20.98 
26.70 
26.38 
21.47 

26.17 
21.80 
27.44 
21.58 
22.69 

$23.16 
23.11 
23.11 
21.31 
21.86 

21.17 
20.50 
21.52 
19.44 
20.21 

21.83 
20.36 
26.05 
25.75 
20.95 

25.54 
21.27 
26.75 
21.06 
22.11 

$23.35 
23.30 
23.30 
21.48 
22.03 

21.34 
20.66 
21.68 
19.58 
20.36 

22.00 
20.51 
26.21 
25.90 
21.08 

25.70 
21.40 
26.93 
21.19 
22.25 

$24.29 
24.24 
24.24 
22.26 
22.86 

22.11 
21.36 
22.50 
20.18 
21.04 

22.84 
21.21 
26.74 
26.41 
21.55 

26.18 
21.90 
27.52 
21.67 
22.83 

$23.34 
23.30 
23.30 
21.44 
22.01 

21.31 
20.59 
21.69 
19.51 
20.28 

22.02 
20.46 
25.96 
25.64 
20.93 

25.43 
21.26 
26.69 
21.04 
22.13 

$23.53 
23.49 
23.49 
21.60 
22.18 

21.47 
20.74 
21.85 
19.64 
20.43 

22.18 
20.61 
26.11 
25.80 
21.05 

25.58 
21.39 
26.86 
21.16 
22.27 

H 

$24.51 
24.47 
24.47 
22.42 
23.06 

22.28 
21.48 
22.70 
20.29 
21.15 

23.07 
21.35 
26.70 
26.35 
21.57 

26.12 
21.93 
27.51 
21.69 
22.90 

$23.51 
23.48 
23.48 
21.55 
22.17 

21.44 
20.67 
21.85 
19.57 
20.35 

22.19 
20.56 
25.87 
25.55 
20.91 

25.33 
21.25 
26.63 
21.02 
22.16 

* Nonfeed cost per beef units equals nonfeed cost per head (see table 7) multiplied by the number of feeders per beef 
unit (see appendix table C). 
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