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PREFACE

The objecfive of this study was to determine optimum patterns of
feeder cattle distribution in the United States. A compariseon was made
between. rail and motor truck methods of transfer of feeder cattle from
surplus production régionsrto alternative feeding regions. Analyses
were made using the linear programming technique to solve the trans-
portation problem..

The author wishes to express his appreciation to his\major adviser,
Dr. John W. Goodwin, for his guidance and assistance throughout. this
study. Special thanks are also given to Dr, Richard T. Crowder for his
assistance with the Fortran IV routine. Recognition of helpful organiza-
tion of the content of the final draft 1is given to the other members of
the advisory coﬁmittee,“Dr. Vernon Eidman and Dr. Wayne Purcell.

Other personnel who helped with the laborious task of typing, map
drewing, and computing work include Mrs. Phyllis Carruth, Miss Pat.
Cundiff, Mrs. Carolyn Hackett, Mrs., Martha Hurst, and Mrs. Bonnie
Garner of the Department of Agricultural Economics.

The  Department of  Agricultural Economics is thanked for providing
financial assistance making this graduate study possible. A debt of.
gratitude is given: to 'Dr. J. Paxton Marshall and Dr. James E. Martin
- for their. encouragement and moral support-for my graduate study.
Finally, special thanks is.given to my beloved wife, Gay, fqr

‘moving to Oklahoma to work and encourage me.

1id



TABLE OF CONTENTS

Chapter

I.

II.

III.

Iv.

V.

INTRODUCTION ¢ o o e LI o e a e

°

°

Existing Feeder Cattle Distribution

The Problem o« « ¢ + o o o o
The ObJectiVES ° o o o Y .

THEORETICAL CONSIDERATIONS . . »

Location Theory » « o« s « & o
Methodology e ¢ o 8 o & & s o

Previous Studies : &+ . o & .

Demand and Supply Areas . . .
Demand Areas . « + ¢ « o« o
Supply Areas « + & & o o s

Transfer Cost Models . . . -

THE DATA L} o ) L} o . . . ) [} . ] .

' Demarcation of Regions . . .

o

Motor Carrier Rates and Backhauls

Rail Rates » 8 6 @8 o6 0 b5 b @

°

Cash Cost of Production and Price

Cattle Variables ., . . o »
Production of Feeder Cattle .
Projection for 1970 . . . . .

ANALYSIS OF RESULTS FOR 1965 . . .

Results of Model I for 1965 .
Results of Model II for 1965
Results of Model III for 1965
Results of Model IV for 1965
Influence of Backhauls on the

Regional Patterns of Distribution Observed in 1965,
Cost Analysis of Models for 1965.

ANALYSIS OF -RESULTS FOR 1970 . . .

The Model Solutions . - « «

o

o

o

°

s

8

°

n

°

°

in 1965

.

of Feeder

Optimum

o

Cost Analysis of Models for 1970.

iv

°

L}

[

°

[

o

°

°

©

o

Solution.

Page

[ BV, B )

12
15
16
17
17
23

26

29
31
38

39
4‘2

o
48

48
51
55
55
58
69
75

84

85
90



Chapter

VI.-

Summary of Data
Summary of Results -
Conclusions
Implications
Limitations
Need for Further Study

BIBLIOGRAPHY .

APPENDICES

°

o

°

[

Y

°

TABLE OF CONTENTS (Continued)

°

°

o

°

SUMMARY AND CONCLUSIONS

°

o

°

Page
98

98
100
102
103
104
105

107

112



Table

IT.

ITI.

IV.

VI.

VII.

VIII.

XI.

XIT.

XITI.

LIST OF TABLES

Regional Demarcation and Central Shipping Points . .

Estimated Demand for Feeder Cattle by Regions,
1960—65 . ° a ° . ° ° o ° ° ° s o ° . . . o . s o o

Potential Feeder Cattle Supply by Regions,

1960 65 ° . o e o ° o o ° . . . o ° . . [} ° ° ° e -

Estimated Regional Potential Supply and Demand for
Feeder Cattle’ 1965 L] L] . L] L[] 'l [ ] L[] L] . . L] L] L] . L]

Operating Cost per Mile for Motor Trucks .+ . v « « -

Method of Transporting Western Beef Cattle Twelve
Western States, 1962: o o o s o o o ¢'0 ¢ 6 5 & » o

Regional Price and Cash Cost of Production
Estimatés, 1965 ¢« « v ¢« ¢« ¢« ¢« ¢« ¢« ¢ o v ¢ 6 b & &

Estimated Projected Reglonal Potential Supply and
Demand for Feeder Cattle, 1970 . o « o v ¢ v v o &

Optimum Shipments of Feeder Cattle from Supply to
Demand Regions using Model I Estimated Costs with
Truck Rate of $.60 per Mile, 1965 . . . . « « « .+ .

Optimum. Shipments of Feeder Cattle from Supply to
Demand Regions using Model II Estimated Costs with
Truck Rate of $.60 per Mile, 1965 . + « ¢+ & « + 4 0

Optimum Shipments of Feeder Cattle from Supply to
Demand Regions using Model III Estimated Costs with
Truck Rate of $.60 per Mile, 1965 . . « . &

Optimum Shipments of Feeder Cattle from Supply to
Demand Regions using Model IV Estimated Costs with
Truck Rate of $.60 per Mile, 1965 . o o o = o o o o

Optimum Shipments of Feeder Cattle from Supply to

Demand Regions using Model I Estimated Costs with
Truck Rate of $.46 per Mile, 1965 « « ¢ « o « o o

vi

Page-

22

27

28

30

36

37

40

45

49

52

56

59

61



Table

XIV.

XVu'

XVI.

XVII o

XVITI.

XIX.

XX,

XXI.

XXII.

XXITII.

XXIV.

XXV.

XXVI.

LIST OF TABLES (Continued)

Optimum Shipments of Feeder Cattle from Supply to
Demand Regions using Model II Estimated Costs with
Truck Rate of $.46 per Mile, 1965 . « « « « & o

Optimum Shipments of Feeder Cattle from Supply to
Demand Regions using Model III Estimated Costs with
Truck Rate of $.46 per Mile, 1965 . o &« « « &« « o

Optimum Shipments of Feeder Cattle from Supply to
Demand Regions using Model IV Estimated Costs with
Truck Rate of $.46 per Mile, 1965 . + &+ & o o o o

Direct Shipments of Stocker-Feeder Cattle and Calves
into Selected North Central States by State of
Origin L] ’ o . ] » ) © . o ) L] o - °© L] . L] . ? . ° ° . °

Cost Analysis of Model IV Optimum Solution Wlth
Truck Rate of $.60 per Mile, 1965 . '+ « « + v o .

Cost Analysis of Model IV Optimum Solution with
Truck Rate of $.46 per Mile, 1965 . « « v « « v

Cost Analysis of Model III Optimum Solution with
Truck Rate of $.60 per Mile, 1965 . . + « + & o '«

Cost Analysis of Model III Optimum Solution with
Truck Rate of $.46 per Mile, 1965 . . . . . + . .-

Transportation Tableau for Optimum Solution for
Estimated 1965 Quantities . o » o « ¢ o o« o0 o o

Optimum Shipments of Feeder Cattle from Supply to
Demand Regions using Estimated Costs of Model I,
II, III, and IV with Truck Rate of $.60 per
Mile, 1970 ¢ o s o o o o o o o o o s © o o o o o o

Optimum Shipments. of Feeder Cattle from Supply to
Demand Regions using Estimated Costs of Models
I, II, III, and IV with Truck Rate of $.46 per
Mile, 1970 ¢ ¢ o ¢ s « o o o o o o s o o o o o oo

Regional Percent of Total Demand and Supply,
1965_1970 ° ° .o . o o ° ) . ® ° . ° . o ) ° 3 . .

Cost Analysis of Model II1I Optimum Solution w1th
Truck Rate of $.60 per Mile, 1970 . « o o o o o o

vii

Page:

63

65

67

71

76

79

80

81

82

86

88

91

92



Table

XXVII,

XXVIII.

XXIX.,

LIST OF TABLES (Continued)

Cost Analysis of Model III Optimum Solution
with Truck Rate of $.46 per Mile, 1970

Cost Analysis of Model IV Optimum Solution with
Truck Rate of $.60 per Mile, 1970 . . « o + &

Cost Analysis of Model IV Optimum Solution with

°

Truck Rate of $.46 per Mile, 1970 . . .+ . + &

Transportation Tableau for Optimum Solutlon for

Estimated 1970 Quantities . .

viii-

°

o

.o

Page

93

- 94

95

97



LIST OF FIGURES

Figure- Page
1. Regional Demarcation of the United States . o o « o « « & & 20

2. Regional Net Inmovement and Net Outmovement of
Feeder Cattle, 1965 (1,000 Head) « + o v o o o o o o o o o 32

3. Areas Within Regions Which Were Used to Calculate-
Cash Cost of Production for Entire Region .+ « o « 4 & + & 43

4, Estimated Potential Supply and Demand for Feeder
Cattle, 1965 (1,000 Head) .+ « o o o o v o o o o o o s o o, G4b4

5. Estimated Regional Net Inmovement and Net Qut-
movement of Feeder Cattle, 1970 (1,000 Head) . '« &« « « '« & 47

6, Interregional Flows of Feeder Cattle According to ;
Model I with Truck Rate of $.60 per Mile, 1965 . « « o . . 90

7. Interregional Flows of Feeder Cattle According to
Model II with Truck Rate of $.60 per Mile, 1965 . . . . . 53

8. Interregional Flows of Feeder Cattle According to

Model III with Truck Rate of $.60 per Mile, 1965 . ., . . . 37
9. Interregional Flows of Feeder Cattle According to

Model IV with Truck Rate of $.60 per Mile, 1965 . .-, . . 60
10. Interregional Flows of Feeder Cattle According to

Model I with Truck Rate of $.46 per Mile, 1965 . . . . . . 62

11. Interregional Flows of Feeder Cattle According to
Model II with Truck Rate of $.46 per Mile, 1965 . . . . . 64

12. Interregional Flows of Feeder Cattle According to
Model III with Truck Rate of $.46 per Mile, 1965 . . . . . 66

13.  Interregional Flows of Feeder Cattle According to ‘
Model IV with Truck Rate of $.46 per Mile, 1965 . . . . . 68

14, Average Prices for Good 500-800 Pound Feeder Cattle

from 1956-64 for Various Markets in the United
StAEES o o o o 5 a e .0 o ¢ 5 o 5 o = & o e o o o o o e o e 74

ix



LIST OF FIGURES (Continued)

Figure- Page.
15. Interregional Flows of Feeder Cattle According to
Models I, II, III, and IV with Truck Rate of
$ 60 per Mlle’ 1970 . © ¢ s & & 8 o° s & o s« & » o « o . o 84
16. Interregional Flows of Feeder Cattle According to
Models I, II, III, and IV with Truck Rate of
89

$ 46 per Mlle’ 1970 . LR L] . ° R . L] . . .. o . . L] . FD' - ° .



CHAPTER I

INTRODUCTION

Over the past twenty years, cattle feeding in the United States
has expanded rapidly. The most rapid growth has been in areas outside
the traditional North Central feeding states. Consequently, ‘the market
patterns: for feeder cattle have changed substantially. As the number |
of ‘alternative markets increases in the cattle feeding industry, pro-
ducers of feeder cattle .in states having a surplus of feeder animals
must continuously assess the changing conditions in order to optimize
their marketing patterns. Only through such assessments can they
realize maximum profits. Normatively, the question is how much of the
product ghould be shipped to each deficit area (or destination) from
each surplus location (or origin) in order fqr;the optimum. pattern to
be attained. The optimum pattern is tha£ market pattern which minimizes
the total cost of transportation for the feeder cattle iﬁdustry when all
demands of deficit reglons bave been fulfilled from alternative sﬁﬁply
regions.

The transportation of stocker~feeder cattle from production areas
to feeding areas presents the ;problem of how to minimize:the total cost‘j
of transportation in the distribution of quantities shipped. The solu-
tion tq this problem is especially important to the Western States
where beef cattle form'anximportant portion of the livestock sector :of

the agricultural economy within each state. In 1965 beef cattle and



calves abcounted for 22.7 percent of the -agricultural cash income in"
the United States. TIwenty-one states showed cash income from beef
cattle and calves to be greater than one-fifth of their agricultural
receipts. Eleven states depended upon beef cattle and calves sales for
more than one-third of their agricultural»in}come,l In Oklahoma, beef
cattle is theAﬁumber one agricultural commodity. Only Texas had more
beef cows-iﬁ-the~tw6—year—old‘and over. category in 1965'than did ‘Okla-
homa. 'Wifhlthe exceptidn:of'the Northeastern states, substantial num-:
bers of feeder ¢atf1e are produced in all sections of the country, and
cattle feeding is.commonplace in thirty-two states. Many states pro-
duce many more stocker-feeder cattle than they feed for slaughtered fed
beef and therefore have a surplus of feeder cattle., Other states feed
numbers of cattle in excess of that state's feeder calf productién and
must depend upon inshipments from other states to satisfy the local
feeding demands.

This study is oriented toward the importance pof the relative
advantages or disadvantages of different feeder cattle producing regions
as.they market cattle in the various demand regions, with given trans-
portation rates. Truck costs have been estimated for purposes of de-
fining the minimum rates at which a trucker can haul feeder cattle.

Existing Feeder Cattle Distribution
in ;965
The expansion of livestock numbers from 1945-64 was made possible:

largely through the replacement of animal power on farms by tractor

lU.,S."Department of Agriculture, ERS, FIS, Farm Income ~ State
Estimates 1949-1965 (Washington, 1966), pp. 86~127.




power. Beef cattle have been able to replace other forage consuming:
animals such as sheep, goats, and dairy stock in the relative share of
livestock. Beef cattle now account for .seventy-five percent of all
roughage-consuming -animal units in the Western States compared to fifty-
five percent during World Wér II.

The existing patterns éf.feeder cattle distribution in the United
States in 1965 as described?by Abel and Capener2 show the traditional
patterns of movement and‘th; recent changes observed. Traditionally,
the Corn-Belt area of the Nbrth Central Reglon of the United States fed
most of the fattened cattle for slaughter in the large terminal market-
areas of Sioux City, Iowa; Chicago, Illinois; Kansas City, Missouri;
etc.

Feeder cattle were shipped from the large open range grazing areas
of Montana, the Dakotas, Wyoming, Kansas, Oklahoma, Texas, and the Rocky

“Mountains States., With the advent of the local auction market and di-
rect sales from ranch to feedlot, the importance of the large terminal
market declined.

Within the last decade, the Western States have increased their
feeding capacities tremendouslyf The large excess supply of féeder
cattle which was once available for shipment from the Western States,
has declined to the point where the :North Central States must depend up-
on other regions for their supply of féeder cattle. The Southern and
Southgastern regions of the .United States have increased their’supply:

rapidly over the last ten years and now supply a large portion of the-

%Harold Abel and William Capener, Shifts in the Production and
Marketing of Western Stocker-Feeder Cattle (Pullman: Washington
Agricultural Experiment Station Bulletin 667, 1965).




shipments of feeder cattle into the Northern and Western feeding
regions.

Another trend in cattle feeding is the emphasis on'la;ger—sized'
feedlots: Sixteen states report the number of feedlots by size and
number of cattle on hand January 1 each year., There were 56,191 cattle
feeders in those sixteen states on January 1, 1965.  Two and one-half
percent of the feeders in the sixteen states had feedlots with a capac-
ity of more than 1,000 head, but that three percent of the feeders
marketed sixty-five percent‘of‘the fed cattle in those states.

As the feeder cattle supply area expanded from the:Great Plains
and 'Rocky Mountain states to include the South and Southeastern states,
the commercial feedlots, especlally those in California,'Ar;zona, Ne-
braska, and Colorado, begén feeding many of the light weight mixed
breeds or so-called "Okle'" cattle from the. South and Southeast. The
pattern in 1965 was that the higher quality calves from the Great Plains
and Mountain states still tended to be shipped into the Midwestern
feedlots. But the lower quality feeders from the South and Southeast
move West and North to California, Arizona, Colorado, and -Nebraska.
These feeding areas demand High Good to Choice finished beef, but re-
sults of experiments show - that finished beef can be produced success-
fully from the so-called "lower grades'" of feeder cattle.3 It seems
entirely possible that more profits can be made from feeding "lower
grade' feeder cattle into High Good or Low Choice grade slaughter cattle
than from Choice grade feeder cattle because of existing price dif-

ferentials.

3Ibida, p. 9.



The Problem

Several studies using spatial equilibrium mddels have been con~
ducted for the fed-cattle sector of the livestock economy. However,
studies of this type emphasizing the stocker-feeder sector are rare.
During the 1960's the numbers of slaughter cattle marketed from feed-
lots increased tremendously throughout the United States. Not all re-
glons enjoyed the same rate of Increase in fed-cattle production. The
greatest relative increases have occurred in the Southern Plains and in
the Western States. The North Central states, encompassing the tra-
ditional Corn-Belt production regioﬁ, continue to produce a large share
of the nation's fed beef, but their relative percentage of the total
market has decreased within the past five years. The impact of this
relative shift in production upon optimal ﬁatterns of feeder cattle
distribution is of great interest to cattlemen and cattle haulers alike
as théy strive to minimize the cost of transferring their cattle from
producing areas to the feedlots. Further, the development of the
Interstate Highway System of roadways has made motor truck transporta-
tion of livestock the most frequently used mode of shipping cattle.
Therefore, the problem is twofold. First, where should the excess pro-
ducing areas ship their feeder cattle for purposes of minimizing ship-
ping costs and maximizing profits? Second, what mode of transportation

should be utilized?
The Objectives

The -overall objective is concerned with defining the optimal ship-
ping patterns and the changes that occur in those patterns as truck

rates change. ‘A secondary objective is to compare the optimal shipping



patterns to the patterns of feeder cattle distribution as now estab-

lished within the cattle feeding industry. Included in the total

objective are several intermediate objectives which are:

(1)

(2)

(3

(4)

(5)

(6)

(7N

to define a regional demarcation of the United States for
feeder cattle,

to ascertain which feeding regions are deficit with regard
to feeder cattle production, .

to‘estimate the numbers of feeder cattle exported from or
imported into each region,

to show the differences between railroad rates and motor
truck costs of ‘transferring feeder cattle from production
regions to alternative feeding regions,

to find the volume and direction of trade between the surplus
and deficit feeder cattle regions, |

to hypothesize what market patterns should become feasible
as motor .truck rates change,

to project recent trends in the feeder cattle and'catfle
feeding-iﬂgustries.to 1970 and predict the.least-cost’
patterns of distributién,under the conditions expected in -

1970.

The discussion of .the remainder of this study will be divided into-

five .chapters., Chapter II will be utilized to explain briefly the

application of location theory to the problem, the methodology of

analyzing the problem, some ptevious related ‘studies which have been

made; the regional breakdown of the United States into eighteen demand"

and supply regions, and finally an explanation of the transfer cost

models used in this study. "



Chapter .III willvbe the data chapterzwhich;will include a discus-
sion of regional demarcation, motor carrier rates and backhauls, rail
rates, cash cost of-production'andvpfice of feeder cattle variables, -
production of feeder cattle; and the projection for 1970. The data
in Chapters II‘and ITTI will provide the framework for the analysis of
the ‘study.

Chapter IV discusses the results of the analysis of the trans-
portation problem for 1965. Each of the four theoretical models as
discussgd invCﬁapter I1 are analyzed at two different truck rates as
rail-rates are held constant. The influence of backhauls on the:
optimum solutions is discussed. The patLerns of distribution of feeder -
cattle in the United States is then analyzed on a regional basis.
Finally a cost analysis is made of the optimum solutions of the models
for 1965.

Chapter V analyzes the'projections for 1970 as were made in
Chapter III. The same . theoretical models are used as for the 1965
analysis but with the 1970 projected demand and suppl§ quantities of
feeder cattle.

Chapter VI ~ will summarize the study. The summary of the data and .
the results will be followed by the conclusions. Included in the con-
clusions ‘will be the implications, limitations, and need for further

study.



CHAPTER 11

THEORETICAL CONSIDERATIONS
Location Theory

There are two sets of economic factors which place society into a
spatial framework for which an equilibrium is sought., The first is the
deglomeration forces which are synonymous with decentralization as re-~
lated to more economical production. The second is the inequality of
resource endowments among different regions of .the country. An implica-
tion of the deglomerating forces is the tendency for a production region
to decline or increase in relative importance to other regions over a
period of time long enough for resource adjustment. In other words,
regions which can produce feeder cattle more economically in the long
run will tend to cause shifts of production irnputs from regions of less
productive potential. No two regions are endowed with the same quality
of resources for producing a unit of output. Some regions have resources
which are better suited for production of feeder cattle while -other
regions have advantages in feeding cattle. Therefore, some.regions will
tend to produce a surplus of feeder cattle for the feeding regions which
might often be deficit so far as feeder cattle production is concerned.

When differences between regions as caused by the above two economic
factors exist, the spatial framework is outlined. There will be re-

gions having a surplus to trade or sell, and other regions will have a



deficit supply, because of excess local consumption (or feeding). These
regions will need to import or buy the surplus of the other areas. In
the dynamic sense, there is also the shift over time as resource owners
attempt to maximize profits and as the feedlot firms minimize their
costs of inputs per unit of outpuﬁo

In this study -the production and feeding of cattle throughout the
United States can be considered in a manner similar to the above dis-
cussion. There are regions which can produce feeder cattle more effi-
clently than others. Some other regions feed cattle in numbers ex-
ceeding local supplies. The problem is to define the interregional
patterns of trade which will maximize profits for the industry.

If all production and feeding regions were uniform and homogeneous
in nature, we would see an approximation of a concentric zonal arrange=-
ment existing'around the market center in each areaal Each region would
be separated by some measurement of time and cost distances. Because
all production areas differ from one another in their natural resource
endowment, it is necessary to relax the assumption of uniformity in
order to consider the realities of differentiation in soil, climate, and
topography plus a finite number of irregularly placed transport routes.

‘The relaxation of this assumption causes the concentric market
areas to become greatly distorted. Consideration must.be given to the,
location of the production and feeding regions if the transportation
‘problem in the feeder éattle industry is to be fully understood. Isard

says that: '"Location and trade are as the two sides of the same coin.

lWalter Isard, Location and Space Economy (Boston: The Massa-
chusetts Institute of Technology, 1956), p. 6.
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The forceé determining one simultaneously determine the othera"2 To
properly assess changes which occur.in the location of an industry,

we must have knowledge of available resources, the position of the in-
dustry in the overall economy, topography, environmental characteristics,
prices, production costs, and transport costs.

Isard discusses the impact of a shift of location upon the opera-
tion of an agricultural enterprise in terms of changes to the net farm
pricese3 Essentially, he states that as the distance between the loca-
tion of supply and the market decreases, the higher is the net price to
the supplier. In this study the location of supply is predetermined;
therefore, the discussion will be oriented toward the impact on feeder
cattle shipping patterns as new alternative feeding regions shift away
from the traditional North Central region.

A Brief mathematical formulation of location theory is condensed
for the feeder cattle transportation problem below.

The function, V, is for a firm or the total indust?y{to use as it

tries to minimize costs or maximize profits.

V= mP¥) T PRV T ocee TPV TOT M S, T TMiSy

= eeo T XM S, + Pr+l *pt+l + pk_’_.2 X4 + oo

+ Pn %2

21bid.

31bid., p. 194..

“Ibid., pp. 223-224.
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where:

P> Pys oco Py are prices of feeder cattle,

T s Tps oo T are transport rates,

M 4, M 4 ooe M represent .weights of products for-

a’> b L

shipments,

Sys Sps.vor Sy represent distances that the output
must move to market,

Vs Yos +o0 Yy are inputs other than transport inputs,

and

Xk+l’ Xk+2’ e.o,xni represent quantities of inputs.

Because the location of the supply of feeder cattle and prices of
inputs are predetermined, the problem of maximizing profits reduces to
a problem of minimizing transport costs,

K = rms, + TomyS, + e +_rnmnsn,‘

To minimize the transportation costs function, K, a necessary condition
is that the first differential equal zero,

K = G(rlmlsl) + G(rzmzsz) + G(rnmnsn) =0

or in the case where n=3, then

il S(mzsz)

- B |
r, G(mlsl
I Mmssy)
Ty G(mlsl

and

fZ. o 6(m383)
L G(mzs2 o

In other words, the marginal rate of substitution between any two
transport inputs for any two regions, the others held constant, must

equal the inverse ratio of the transportation rates from those regions.
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When the transportation rate per mile for all regions is fixed. at a
given level, all rates are equal and, therefore, the ratio of the margi-
nal rates of substitution between all inputs is equal to one for the
optimum allocation:

MRS_
252

MRSm s
1"1

= ll

If the ratio of the marginal rates of substitution among regions is not
equal to one, then a sub-optimal situation exists.. In the case where
‘the ratio of the marginal rate of substitution is greater than one,
some-region can ship additional quantities of cattle in order to in=-
crease profits. Where the ratio of the marginal rate of substitution
is less than one, some region should reduce its shipments of cattle in
order to minimize costs to the industry.

The transfer of feeder cattle from production to feeding regions
involves the problems of how and where to ship feeder cattle from sur-
plus production regions to alternative feeding regions.  The next sec-

tion discusses the theoretical aspects of the transportation model.
Methodology

The linearly programmed transportation model was the main technique
used. to analyze the data collected. A short Fortran IV routine was uti-~
lized to compute and punch out the input -data for the linear program..
The .use of the Fortran IV routine reduced the time and computation
necéssary-for getting the linear programmed model ready for solution on

the IBM 7040 computer.
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There are five basic assumptions associated with the transportation
modelo5

1. The product.or resources are homogeneous. This means that one
unit of feeder cattle from one supply region will satisfy the demand in
a deficit region just as well as will one unit of feeder cattle from an
alternative source of supply. It -is recognized that homogeneity of
feeder cattle among all regions in the United States is the ideal rather
than the actual situation of existing quality differences among regions.
The cattle from the Southern and Southeastern states are reputed to
have less feedlot potential than the range cattle from the Northern and
Southern Plains' states. However, the several attémpts that were made
to adjust for regional quality differences for purposes of this study
ylelded estimates that were too Inconsistent and too impreclse for uni=-
versal acceptance. Sinece these suspected quality differences among
reglons cannot be accurately measured and quantified, the altefnative:
assumption of homogeneity among regions was used. It 1s recognized
that the quality differences among regions will cause the true pattern
of ‘distribution to differ slightly from the theoretical models.

2. The supplies of resources or products that are available at
the various origins and the demands for the various destinations are
known; total demand must equal total supply.

3. The cost (or profit) of (or from) converting resources to pro-
ducts or moving the commodity from origins to destinations is known and

is independent of ‘the number of units converted or moved.

5Earl 0. Heady and Wilfred Candler, Linear Programming Models,
The Iowa State University Press (Ames, 1964), pp. 339-340.
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4. There is an objective to be maximized or minimized. In this

- study the objective is to minimize transportation costs and to maxi-

mize profits for shipping feeder cattle to market.

5. Transportation from origins to alternative destinations can be

carried on only at non-negative levels. 'This means that a region cannot

ship more than it produces or that demand regions will not ship to other:

demand regioms. .

The above five assumptions can be also shown in equation form;

Subject to:
Where:
X,.
1]
S,
i
d.
J

n m
z z X,., C,, = minimum
j=1 i=1 * .
)

X = S N i=1 LI B ) m ‘
; ij i’ ’ ]
j=1

X.. >0 for all 1, j.

represents the number of feeder cattle shipped from the
ith surplus region to the jth deficit regionj
represents the number of feeder cattle available for
.th .
export from the i surplus regionj .
is the number of feeder cattle demanded in the jth deficit

region; and
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Cij is the cost of shipping from the ith surplus to the jth
deficit region.
The. transportation model has been used by other authors to solve

spatial equilibrium problems of the beef sector of the economy. A

brief reference is made to a féw such studies in the following section.
Previous Studies

A number of spatial equilibrium studies have been conducted on the
livestock economy in the United States which were mainly concerned with
the optimum solution for the fed beef sector. ‘Many states have studied
the transportation of cattle within theilr state boundaries or shipments
to nearby points in adjacent states. - King and Schrader6 made a study:
of the regional location of cattle feeding which was published in 1963,
but their results are concerned more with the feedlot~to-consumer than
with the producer-to-feedlot transfer activities., Their method for
estimation of state potential feeder cattle produ;tion ig similar to the
one used in this study. Dietrich7 and Malone8 both conducted analyses
of the fed beef economy in the United States. Buchholz and Judge in-
clude some discussion of feeder cattle shipping patterns in the United

States in their study: An Interregional Analysis of the Fed-Livestock.

: 6G.‘A. King and L. F. Schrader, "Regional Location of Cattle Feed-.
ing - A Spatial Equilibrium Analysis," Hilgardia, Vol. 34, Number 10
(Davis: California Agricultural Experiment Station, 1963).

7Raymond A. Dietrich, An Interregional Analysis of the Fed Beef
Economy, Unpublished Ph.D. Thesis (Stillwater: Oklahoma.State
University, 1965).

8John W. Malone, A Spatial Equilibrium Analysis of the Fed Beef
Economy, Unpublished Ph.D. Thesis (Stillwater:. Oklahoma State
University, 1963).
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Economy published in 19655.9 They criticize the method used by-Trock10
to estimate feeder cattle supply in his study on cattle feeding in the
Northern Great Plains published in 1963. Trock computed his estimate

of feeder cattle supply by starting with the number of calves born in
each state, then deducted losses and calves used for purposes other

than feeding. He dedueted commercial calf slaughter which does not show
the state of origin of the commercially slaughtered calves and therefore
in many states causes a negative estimate ofvfeeder‘cattle supply.

In this study, the entire United States is considered for potential
feeder cattle production and feeding. The potential numbers of feeder
cattle whiéhvare expected to contribute the greatest share to the beef .
transportation problem will be emphasized. Therefore, the discussion
in the following section eliminates most of the cattle which are not:
considered to contribute materially to the feeder cattle distribution

problem.
Demand and Supply Areas

The terms "supply" and "demand" which will be used throughout the
discussion of this study, should really be thought of as the "quantity
supplied" and "quantity demanded" in the proper economic sense. But it
is commonly accepted in practice to simply use "supply" and "demand"
in the -discussion of the transportation model. Therefore, wherever

"supply" and "demand" are used, it shall be implied that the discussion

4

9H. E. Buchholz and G. G. Judge, An Interregional Analysis of the
.Fed-Livestock Economy, Illinois Agricultural Experiment Station cerr 75
(Urbana, 1965), p. 1l4.

1OWarren L, Trock, Cattle Feeding in the Northern Great Plains, Mon-
tana Agricultural Experiment Station Bulletin 576 (Bozeman, 1963), p. 9. -
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is of particular quantities rather than a complete schedule of prices

and quantities supplied and demanded. -
. Demand Areas

Demand is represented by the tetal number of fed cattle marketed

in the year "n+l1". Feeder cattle were demanded in the year "n" to be.
-placed on feed during that year, and then marketed as fat cattle the
following year.

It is-assumed that each reglon supplies its own demand before it
will supply the demand 1in any other region. If a reglon cannot supply.
enough feeder cattle to satisfy its own demand, then the region shall
be referred to as a deficit supply area or a demand region. A region
which has a surplus of feeder cattle above local feeding requirements
will ship that surplus to defieit supply areas for which it has the
greatest advantage or least disadvantage in shipping cost, relative to

other surplus regions.
Supply Areas

The supply in this problem is represented by an estimated figure
:of the potential number of feeder cattle which each region - under
- eurrent feeding practices and technology - would have-available for
meeting the feeder cattle requirements in the demand regions. Although
the quality of feeder cattle available in some: areas of the country is
‘alleged to be somewhat inferior to those available in other areas, it
is assumed that the product is homogeneous.:

The potential supply of feeder cattle was computed in the follewing

manner. First, it was assumed that all "other" cows two years of age
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and over, as reported in the January 1 inventory‘report,ll'supplied the
~calves for beef feeding. It was further assumed that all commercial
calf slaughter was. of ‘dairy cow origiﬁ because many of the dairy states
exhibit high calf slaughter numbers. This assumption about calf slaugh-
ter alleviates:-the criticism made by Buchholz and Judge:
Trock started from: the number of calves born and
~deducted losses and calves needed for other purposes

than feeding.. This estimate suffers from use of calf.

slaughter data, which show regional slaughteér of calves.

irrespective of origin, With this procedure, regions

having heavy slaughter of calves that are not produced

“in the reﬁion.turn out to have negative feeder cattle

supplies. 2
A state~by-state estimate was then made by multiplying the number of
two-year~old-and~over other cows by the percent calving rate for all
cows in each state in 1964, This produced a raw figure which had to.
be corrected to give a more realistic supply of feeder cattle in 1965.
The death loss of calves as reported by the United States Department of
Agriculture was deducted, an allowance for herd bull replacements, and
then replacement heifers were. considered at a rate of twenty percent of
two-year-old-and-over other cows.:

The second basic assumption of the general transportation model,
which requires the total demand to equal the total supply; cannot al-
ways be: found to exist for a given time period. :An inequality of total
demand and supply can easily be handled with a small modification to

thé-transportation model. Through the use of a dummy variable for

~either demand or supply, the equality condition is restored to the

11Ue S. Department - of -Agriculture, AMS, Livestock and Poultry

Inventory, January 1 - Number, Value, and Classes by States (Washington, "
various issues).

12

Buchholz and Judge, p. l4.
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problem. The dummy variable is a very useful device to. handle-imper-
fections of estimates or available market-data. If the total demand
exceeds the total supply, a dummy supply variable will ship to any:
deficit region-when all other supply is used up but there remains some
unfulfilled demand. A high cost is associated with the use of the.
dummy supply so that the least profitable demand areas will be forced

to use the higher cost supply. In a similar manner, a dummy demand
variable is‘used when the total supply exceeds'the total demand. Unlike-
the dummy supply variable cost, .the dummy demand has a zero cost
-associated with it. This simply means that once all real demand is.
satisfied, the excess supply is not shipped and thus adds no additional .
cost to the transportation solution.  If the transportation problem is.
solved by.linear programming techniques, then the slack or disposal
variable replaces the dummy demand variable, but the dummy supply
variable must be inserted in the linear programming problem if all
demand 1s to be satilsfied,

For this study, the continental United States 1s divided into
eighteen regions. Each region represents a geographical area somewhat
homogeneous in its production and feeding c#pabilities and practices.
Additienal criteria considered for the regional demarcation included:
(1) the natural barriers to transportation such as-the Rocky Mountains,

»: (2)  the availability: of  data - in this case by whole states, and (3)
the shipping distaneces.  Thersmallest region by political breakdown is
a single state, but most of the regions encompass an aggregation of -two
‘or-more econtiguous states.. Figure 1 depicts the regional breakdown
which was used for this study.

Where all of the above criteria could not be met for every region,



Figure 1.

Regional Demarcation of the United States.

0¢
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a compromise was made among the dominant criteria affecting the parti-
cular region. It was also necessary to select a set of shipping peints
-for each region. Ideally, the point should be-near the center of the
region's production or feeding area. Here it is assumed that the pro-
duction units or feedlots are unifeormly distributed about the repre-
sentative point of each region., Table I gives the detailed demarca-
tion of states with the respective regional central shipping points.:

Pure competition is-assumed to dictate the requirements for re-
gional patterns of prices and flows of feeder cattle.. Profit maximiza-
tion is assumed; therefore, each firm shall makes 1its decisions in such
a manner as to get the greatest per unit net return. The differences
between supply of feeder cattle and demand for feeder cattle within
each 'region are computed in such a manner that each region is considered
either-as a surplus: or deficit area for feeder cattle., It is assumed
‘that there is no outside interference from governmental or other sources .
-to hamper patterns of feeder cattle shipment. The product is considered
“to be homogeneocus in nature such that the destinations or demand areas
are-indifferent to their source of supply. For tﬁe allocation of ship-
ments in this problem, the impact'of‘imports and exports of feeder
‘cattle outside the continental United States:is considered to be negli-
gible.

With the method of determining demand and supply quantities of
~feeder cattle given, the next-step is to show how the transportation
costs-between regions is computed. The transfer cost models in the

next seetion show how this is done.
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REGIONAL DEMARCATION AND CENTRAL  SHIPPING POINTS

Shipping Center

Region States-
1 Idaho,; Oregon, Washington Spokane, . Washington
2 California Bakersfield, California
3 Nevada, Utah Ogden, Utah
4 Arizona, New Mexico Phoenix, Arizona.
5 Montana. Billings, Montana
6 Wyoming Cheyenne, Wyoming
7 Colorado Denver, Colorado
8 North Dakota, South Dakota Pierre, South Dakota
9 Kansas, Nebraska Omaha, Nebraska
10 Oklahoma, Texas Oklahoma City, Okla;oma
11 Michigan, Minnesota, Wisconsin St. Paul, Minnesota
12 Illinois, Iowa, Missouri Des ‘Moines, Iowa
13 Alabama, Arkansas, Louisiana, Jackson, Mississippi
. Mississippi
14 . Indiana, Ohio Indianapolis, Indiana
15 Kentucky, Tennessee Louisville, Kentucky
16 Florida, Georgia, South Carolina Thomasville, Georgia
- 17 North Carolina, West Virginia, . Roanoke, Virginia
S Virginia.
Conn., Maine, Maryland, Mass.," Harrisburg, Pennsylvania

18-

New- Hampshire, New YOrk, New
Jersey, Pennsylvania, Rhode

Island, Vermont, Delaware
f
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Transfer Cost Models

If realistic predietions of shipment patterns which should exist
in the caompetitive feeder-cattle market are to be made, the total cost
of transfer must be included in any analysis of .transportation costs.
It 1s necessary to consider the transportation charges for hauling
-feeder cattle from a surplus region to alternative deficit regions.
However; there are other:variables'that might be expected to affect the
‘deviations from the optimum pattern of feeder cattle distribution.
“These variables can be utilized in' the computation of transfer costs.
The price paid for feeder cattle at the point of origin is considered to
be important because 1t represents the cost of an input for the demand
region. If two supply points were equidistant from a demand point, but
the price of feeder cattle was higher at one supply point than the other,
“then' the lower-priced supply point would have an advantage in shipping
feeder cattle to the demand point in question.

The cash cost of production is a second transfer cost variable
used in this study. Some regiqns of the country have certain advantages
in the ability or facilities for efficient feeder cattle production when "
compared with other regions: Economiés of size and small winter hay
requirements are two factors which cause differences in cash cost of
production might be expected to have an advantage over. another region
‘which was relatively: the same 'distance from a specified demand point
-~but-had - a higher cash cost of production.

The' third transfer cost variable, and probably the most. important,
is thé enroute cost of shipping feeder cattle from the supply regions to
demand-regions. Where a supply region will ship its surplus feeder

‘cattle depends to a.large extent upon the distance to the demand region.
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Small differences in the price or cash cost of’production cannot offset
the shipping cost‘when"differencesfin distances' from supply to demand
regions amount to several hundred miles.  Not only is the hauling coést
substantially different, but the added time required for longer distances
means- additional expense: for-shrinkage losses, and in-many cases, longer
‘return trips without a payload.

‘The three  transportation cost (or transfer comparability) variables
'can- easily be incorporated-into the transportation model. One can
analyze the transportation cost by.using one, two or all three of the
variables., "To usé'the price and cash cost of~producﬁion, simply choose
‘one- shipping center-as'a base and set it's price and/or cash costs equal
"to zero. Then compute the price and cash cost for every other region as:
the deviation- from the price and cash cost in the base region. The.
‘total transfer cost for each alternative shipping route for each supply
region would be the summation of the variable costs considered in each
region.

Therefore, this study incorporates four transfer cost models to
depict the impact of each cost variable separately and then together
to predict the different patterns of distribution under the different
transfer cost assumptions:

- -Model I. Model I simultaneously considered all three variables

which would be expected to affect the profitability of transferring
- feeder -cattle from surplés to-deficit regions. 1In this model, the
analysis of optimum distribution patterns included the price, the cash
cost-of production, and the rate for hauling the cattle between alter-

native supply and demand regions.
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Model TI. Model II considered only the price for-feeder cattle.
plus the- transportation- charges between supply and demand regions.

Model TII, Model III-considered the cash cost of production .for
--feeder cattle plus the' transportation  charges between' supply and demand
regions.

Model IV. Model IV-analyzed the optimum pattern for distribution
‘when' just the transportation-charges between surplus and deficit regions
~were considered.

Fach of the four models has been used to analyze optimum patterns

of  shipment given the 1965 distributions of feeder cattle production
‘and cattle feeding. In addition, these models have been used to esti-
mate optimal patterns‘fof the expected 1970 distributions of feeder
production and cattle feeding. The differences in these two sets of"
optima should give some indication of the areas which might be expected
to have competitive strength ot weakness for future marketing of feeder
cattle.

This chapter has defined the framework for the study. .Chapter III
contains the data which are needed to fulfill objectives (2), (3), and

' (4) as stated in Chapter I.



CHAPTER IITI
THE DATA -

The numerical data.were programmed for computer analysis by using
a cost-minimization technique for linear programming to solve the
transportation problem. Because railroads represent feasible competi-
tion with the motor .truck cattle haulers, the simultaneous solutions
for truck. and railroad movements were considered very realistic situa-
4 tions for the livestock industry. The discussion begins with an analy-
sis of the data used.-

The reported number of cattle on'feed'marketed-in-1965, which
represented the demand for feeder cattle during 1965, was 17,593,000
head.. Fed cattle marketings during 1965 represented an increase of
thirty-six percent over the number marketed in 1960 (see Table II),

The estimated number of.feeder cattle,potenfially available for feeding
in 1965 was 17,978,543 head - an increase of 24.9 percent over the
numbers of feeder cattle potentially‘available in 1960 (see Table I11).
The relatively larger increase in the numbers of cattle demanded for
feeding, comparéd-with the percentage increase in the.supply of feeders
over the same period, is éaSiLy.explained. . Consumers have required
progressively higher average grades of beef at the retail level, . Fed
beef tends.to be much more uniform in quality;than,does:n§n-fed beef.

Cattle feeding has also helped to stabilize ‘the supply and the sources

26



TABLE II

ESTIMATED: DEMAND- FOR FEEDER CATTLE BY REGIONS,:1960-~65"

1960 ~ 1961 1962 1963 1964 1965

Region.. . X . (1,000 head) (3,000 head) (1,000 head) (1,000 head) (1,000 head) (1,000 head)
1. Spokane. - 568 612 627 636 688 745
2, Bakersfield . 1595 1699 1844 1899 2061 2282
3. Ogden : 162 146 142 148 171 175
4, Phoenix - 581 613 697 753 766 823
5. Billings 115 113 100 98 128 141
6. Cheyerne 82 74 - 72 64 59 62
7. Denver , 747 790 815 900 951 1144
8. Pierre 540 705 621 639 812 752
9. Omaha. 1950 2284 2365 2640 3122 - 3073

10: Oklahoma-Texas - 620 711 - 942 1114 1241 1394

11.  St. Paul = 952 977 962 987 1076 1045

12, Des Moines : 4250 4291 4267 4522 4717 4649

13, ' Jackson - 10 64 58 101 135

14. Indianapolis 580 587 580 612 657 631

15. ZLouilsville- — - - - 155 - 141

16. - Thomasville - 20 121 95 246 285

17. Roanoke: . - - - = - -

18. Harrisburg 146 - 141 142 124 123 116

Total 12888 13773 14361 15289 17074 17593

LT



TABLE III

POTENTIAL FEEDER CATTLE SUPPLY BY REGIONS, 1960-65

~ 1960 ~ 1961 1962 ~1963 1964 1965

Region - _ (1,000 h%ad) - (1,000 head) (1,000 head) (1,000 head) (1,000 head) (1,000 head).
1. Spokane : 701 732 772 815 852 864
-2, Bakersfield. . - : 524 527 516 536 534 559
3.  Ogden 335 297 292 306 311 295
4, Phoenix 588 520 542 576 589 576 -
5. Billings- 718 713 740, 741 804 800
6. . -Cheyenne: , 319 338 341 347 - 374 351
7. Denver . 459 481 492 522 549 536 .
8. Pierre. 1230 1246 1314 - 1347 1442 1500
9. Omaha 1631 1701 1801 1917 2045 2081
10. . Oklahoma-Texas - 2742 3289 3392 3638 3825 3741
11, St. Paul 243 . 351 367 383 417 435 -
12. Des Moines" 1540 . 1749 1813 1863 1975 2013 -
13. Jackson. 1627 1505 1528 1572 1642 1639
14, Indianapolis 304 356 366 372 ' 382 378
15. - Louisville 187 606 673 744 819 847
16. Thomasville 801 . 652 678 749 800 798
17. Roanoke 326 402 417 447 465 445
18. Harrisburg 126 120 114 128 125 120
Total. 14275 15585 16158 17003 17950 17978

8¢
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of_beef.for.meat packers and chain food stores. More than half of éll’
slaugh;ered beef in 1965 was fed beef. The-remainiﬁg portion of,
slagghtered,beef,(or non-fed beef) was comprised of cull cows, cull
bulls, and dairy cows. - Grass—fat or range beef is a very small and .

declining portion of the beef industry.
DemaréatiOniof-RegiOns

As was ‘indicated in the previous chapter, the United States was "
divided into eighteen regions for this study, Eéch of the-eighteen
regions had réglonal supply and demand for feeder cattle (with the
exception of Region:17 for which there was no available informa;idni
concerning ‘demand). ‘The differences betweeri the supply and demand were
computed within each region, showing that seven of the regions had a-
local supply of feeder cattle insufficient for their feeding needs. .
That is, theéé,regiqns were feeding more cattle than were produced with-
in their individual regionms. Tﬁese‘regions are said to have a "deficit"
supply of ‘feeder cattle and thus are referred to as "destination" or
"demand" regions. The remaining eleven regions - while they did not
report feeding activity within their regions (except Region l7) - pro-

duced ‘a potential supply of feeder cattle in excess of what was being
fed within their regions in 1965. Thgse latter reglons are sald to have
a surplus of feeder cattle over local feeding requirements and often:
are referred to as "supplyﬁ.of "Origin"-regiénsm The objective of the-
transportation model is .to fulfill .all demand from the surplus produc-
tion areas .in such' a manner as to»minimize.the;costiof distribution of
the feeder cattle among alternative regions. Table.IV gives the

estimated potential regional supply-.and demand and the net differences
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ESTIMATED REGIONAL POTENTIAL SUPPLY AND DEMAND
FOR FEEDER CATTLE, :1965

Estimated
Potential Estimated Net Supply (+)

Region - Supply ___Demand or Demand (-)

' ) (1,000 head) (1,000 head) (1,000 head)
1. Spokane 864 745 119
2,  Bakersfield 559 2282 -1723

3. Ogden 295 175 120

4, Phoenix 576 823 =247

5. Billings 800 141 659 -

6. Cheyenne 351 62 289

7. Denver 536 . 1144 -608

8, Pierre 1500 752 748

9. Omaha 2081 3073 -992
10, Oklahoma City 3741 1394 2347
11. St. Paul 435 . 1045 -610
12, Des Moines 2013 4649 - -2636
13. - Jackson 1643 135 1508
14. Indianapolis 378 631 - -253
15,  Louisville: 847 141 706
16, Thomasville 798 285 513
17.. Roanoke 445 0. 445

120 116 4

18.

Harrisburg
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within each‘regiog for feeder cattle . in 1965. . Figure 2 shows the:
geographical ‘distribution of supply ‘and demand regions in 1965 after
aggregating the total -supply and demand for feeder cattle within.each.

region.
Motor Carrier Rates  and Backhauls ;

A limited number of_cattle haulers were interviewéduin"several
locations ‘across Oklahoma, to gather:dataﬁon’currént costs of operation
andirates charged for cattle transportation in intrastate and inter—
state shipment of feeder cattle.

The most common type of long haul rig used by cattle haulers in
Oklahoma is the drop-center (or ''possum-belly") semi-trailer with diesel
tractor ‘power.  On short hauls, both the:open*top‘semirtrailér and the
"bob-tail" ‘truck types ‘are utilized. But by far the bulk of long-haul
motor carrier transportation of Oklahoma cattle is done by tractor |
possum-belly semi-trailer combinatiOn,.

Most of the cattle haulers interviewed in Oklahoma indicated-that
they were averaging -in excess of 100,000 miles .per truék.annually, This
large ‘annual mileage greatly reduces the per mile .cost for depreciation,
federal use tax, licenses, insurance, adminstrative help, and ' capital
investment. - ‘

The,majOrLty.of the truckers haVe,some(éyﬁeuof‘garage_facilities’to
take care of minor maihfqnénce'work on their trucks. WNone had facily-
ties ‘to ‘conduct major overhauls and a few had all_maintepance“wsrk done
by someone else. The general case would be some type of facility in

which to perfbrm services such as tire changing, grease and oil change,

and cleaning.,
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The variable which most influences the market distribution of pro-
duct shipments'is the coﬁt’of.transpprtation; Although the rate .per.
mile may'decrease-as mileage incréases, the ‘total cost of transfer
continues to increase as distances between the markets increase: In
this study, only the interstate{and/or.interregidnal'movements of feéeder
cattle are considered. . Intrastate tranSportationgrateg for motor trucks
are set up by each state, but these rates vary from state to state.
Further, not. all carriers‘withiﬁ a state are bound to. these rates. The
problem examined in, this study is not one of optimizing shipping pat-
terns within individual states. It would be impoessible to assemblg'the
rates each state hgs for intrastate hauls and try-to compute the trans-.
portation costs from all the different mileages and rates. The end .
result would be appliCable“to only a very specified route of travel,

For -these reasons, an average rate which is currently receivyed by the
~truckers was used as a basis for computation of transfer costs. Most.
catt1e>haulers are private carriérs;Arather1than_cOmmon'or‘contract;
carriers, These private truékers are hauling the class "B" commodities
and are‘largely-exemptffrom,mASt.Interstate'Commerce”CommissiOn.regula—
tions.zi Therefore, they are not strictly held to a fixed set of rates.
for services rendered. The fixed rates are used merely ' as a guide for
these cattle haulers, and for the most part are not strictly observed.

The overwhelming majér;ty of long distance cattle haulers surveyed

lT; Q. Hutchinson, Private Motor .Carriers of Exempt Agricultural.
Commodities, (Washington: MED, ERS, USDA, Marketing Research Report =
No. 696, 1965), p. 25.

2Mildred~R, DeWolfe, For-Hired Motor Carriers Hauling Exempt
Agricultural Commodities...Nature and Extent of Commodities,(Washington
MED, ERS; USDA, Marketing Research Report No. 585, 1963), p. 17.
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specified a per mile rate of sixty cents one-way for distances in
excess of .three hundred miles in length. Therefore, sixty cents per-
mile, one-way, has.been.used as the beginning point for this analysis.

There is considerable -capital invested in a complete tractor-semi-
trailer unit; therefore, the more time the unit is loaded with cattle
the less is .the fixed cost per mile of travel. - Many times the truck is
loaded one way with an empty truck returning to the original starting
point. Backhauls are desirable, but-unfortunately are irregular, in-
cornvenient, or seasoﬁélviﬁ nature forimany.of’the truckers. A small
operator usually does not ‘have the necessary contacts at most.points
of destination to insure regular backhauls.  The cattle semi-trailer
cannot be converted for effective use in any'activity other than
hauling livestock. - Therefore, the trucker is very limited in the ways
in which he can supplement his revenue in terms of backhauls. Baled
hay or straw could be hauled with a minimum of cleaning effort but the:
returns are below that for -hauling 1ivestock.. Thérefore; thé’trucker
will generally backhaul livestock if at all possible. .

Because backhauls have a definite :effect on the competitive posi-
tion of motor truck versus railroad,‘and because the carriers inter-
viewed indicated that backhauls were avallable Sn about one-third of
the cases, a backhaul frequency‘of'ong-third was assumed., Without any
~ backhauls the trucker would get sixty cents for .each mile, one-way. If
he were agble to get backhauls one~third of the time, he could charge a
one-way. rate of forty-six cents per mile, and still earn the same per
mile income as with the sixty cent rate without‘bagkhaulsa‘ Thus, the.
forty~six cents rate per mile was an alternative motor truck rate for

which optimum solutions were computed.
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A field survey was. conducted for-purposes of ‘estimating the per"
mile-cost of operating a:possum.belly-trailer combination headquartered
“in the~0Oklahoma" area: “The=resu1ts*of“interviews'with“cattle haulers

~across Oklahema; with two major manufacturers. -of :tractors,-and with

' three trailer manufacturers are shown in Table V. These cost estimates.
’ ‘wergffor¥diesel*truckSﬁrunning-én?average'of"IO0,000 miles per . year.
 Information ;on—operating costs of smalier‘trucks,and‘for-trucks tra-
"“veling”leSS“annualgmileage~may“be;found in the appropriate references
~'in:the~bibliography.- Slince this‘study: is concérned with interstate and .
“interregional ‘movements, “the cost”estima;eS'for“trucks4oper§ting under-
conditions similar--to the data.in Table V are considere&;£0“be the most
-+ relevant..

"It is apparent that a per-mile operating cost.of $.291 for
operating the truck and semi~trailer does not leave much room for
“profitsﬁto“be;earng&-from:é'$;60'per“mi1e'one—way rate if the trucker
‘does not -have. access to ba¢khauls. The availability of backhauls.is
an important consideration in, establishing truck rates: From all
indications of available data, transportation of livestock by motor'

3

Therefore,

i

truck is'the most commonly used method pf t;aﬁsport.
'shippers'must%havegan“increasing1dependeﬁce‘upon=truckers and the truck
~operators must feel that it is profitable. to haul cattle or they would
~not eontinue to do so over a long period of time. Some of the cattle
hauleras who were interviewed in Oklahoma indicated very little backhaul
~traffic existed for their operation. ' Other truckers said they had

- backhauls: part of the timey’a‘few~said'baqkhauls were available only in.

[N

3566 Table VI.
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o " TABLE V

- -OPERATING -COST ‘PER MILE FOR
-+ - MOTOR TRUCKS

Cost/Mile .
o (cents).
'“Tractop:
“Maintenance and Repairs 2030
Fuel (plus fuel use tax - $.055/gal.) .051
ﬁepfecia;ion~ .022
Tires .010
Wash .and Lube .003
Interest .004
Substitute:tractor ("down'time")“ 004 .
.124
" Trailer:
Maintenance and Repairs .005
“Depreciation 015
Tires ‘ , .008
Wash and Lube .003
- Interest : ‘ =002
.033
Fixed :Unit’ Costs:
Driver | .080
" License- 007
Federal Use Tax .002-
- Insurance .
Public Ligbility and Property Damage .010
Collistion and Comprehensive | 008
Cargo (2 1/2% of. load wvalue) . 002
Workman's compensation (6.5% of income) o .005:
Other.overhead,- office, etc. 2020
134

om0 Total~Cost Per:Mile - v - R 291




"""" TABLE VI

-~ METHOD OF TRANSPORTING  WESTERN BEEF-CATTLE

-+ ~TWELVE WESTERN STATES, 1962°
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Truek

Rail

- State (Percent) (Percent)
Arizona 91.0 9.0
California, 73.0% 27.0%
Colorado NA NA
Idaho NA - NA
Montana .. 65.0 35.0
Nevada '88.0 12,0
New Mexico 61.0 39.0

- Oregon NA " 'NA
Utah 72.6 28.0
Jashington 95,0° 5.0°
Wyoming 93.0 7.0
Texas 72,0 28,0
Total 12 Western States 74.3c' 25.7°¢

aInshipmentsonly-.

bEstimate;

CWeighted by state marketings of cattle and calves, 1961

Source: ' Records of “State Brand Inspectors, State Statisticians (SRS)
and” S§pecial surveys by state experiment station workers.
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certain.seasons.’ One.interstate operator who had eight units in
“operation'reported-that‘hg*hadibackhaulswtwo—thirds”of"the.time, This

‘“operator~hauiedwabout’the'same numbe:”of‘milesgas-the other'seveh sur-
~veyed “Ihus;'approximately one-sixth .of the tetal miles driven were,

“backhaultmiléage”(i;“e:;“oneathird“of‘thegbackhaul'mileageﬁrepresented

L "»lo._ad" mileage) o

For 'the purpose of realistically describing‘the shift from rail--
“road*to_trutk‘traqsportation.of feeder cattle for-all-hauls:except the

" really long hauls; and to estimate the impact of backhauls one~third

"of thetime, the rate charged by truckers was‘decreased”from-$o60 per
‘loaded mile to-$.46 per-loaded mile. This reduction in rate recognizes.
' thatindependent truckers will - whenAthe-pqssibility-of backhauls
exist - cut  rates substantially in order to compete with other carriers
for :the available-freight.

- -1t also is appropriate to consider trucks to be fully loaded for

long distance hauls. The forty-foot possum belly semi—trailer‘hés‘the

equivalent of‘a‘sixty-foot'single'deckgtrailer. An average weight of

-+ five hundred-pounds per animal is assumed:for all feeder cattle. . Thus,

“sixty~five head'will constitute a full load:
-+ Rail Rates -

- Although motor truck transportation accounts for most. of -the intra-
state;movement.of'éattlegin“most“statesttoday5‘railroads still compete
‘for the longer haul destinations. Actual point-to-point rates were

‘“obtained for shipments' of -cattle by rail‘e4 'The:standard,forvcomparing:

éRailroad-Charges weré furnished by Lowell Waitman, Géneral Live-
stock Agent, the Atchison, Topeka. and Santa Fe Railway Company, Wichita,
Kansas.
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railway charges with motor truck rates was a forty-foot by-eight foot
'boxcar“with“a'capacity-far'fifty head of five-hundred-pourd feeder
~cattle. The rail rates  which were used for this study are given in
" Appendix A.
Cash Cost of Production and Price of Feeder Cattle
Variables

'~ A second variable considered to affect the pattern of regional
shipments was' the price of the feeder animal. The prices for Good. 500-
- 800 pound -feeder steers were determined from price data available for
~markets in each' region. ' The Good grade price was used because price
' data for Cholce grade feeder steers were not available for'all'regions.j
Good and Choice priceS”wefe not averaged since the averaged price would
‘necessarily be weighted according to the number of Good and Choice
‘cattle in any particular region. In order for valid interregional
' comparisons to be 'made, it would be necessary to weight data for each
 region according to'the predominance of Cholce or Good feeder cattle.
~The' price used for-each region- was' a nine-year average for 1956-64,
'“which'iS“approximately'frbm trough to trough on the cycle .of cattle
~prices, " The price at Oklahoma City was defined as the base price.
:'The prices for other regions were computed in terms of the differential
- from-the price of feeder cattle in Oklahoma City (Table VII). Theoreti- .
"cally, the difference in the price:differential between market points
' should approximate the-transportation cost, ' This means that the further
“an area is from the terminal- market, the lower the price must be in the:
“shipping"regianftO“alloW“for“the=increasedﬁtransportatiOn;costob If

~thiscondition does not exist for two sales points, then'either these
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TABLE VII

REGIONAL  PRICE AND CASH COST OF PRODUCTION
ESTIMATES, 1965

Region Price/cwt. . .- Price Dif. Cash Cost/cwt, Cogzsgifo
(Ave. 1956-64)

1 $21.80 $-.60 $23.70 $11.66
2 22,37 -.03 24,31 12.27
3 21.68 -.72 14.95 2.91
4 21.95 -45 9.32 -2.72
5 22.65 .25 9.39 -2.65
6 21.76 .64 13,62 1,58
7 22.37 ~.03 13,62 1.58
8 22.80 W40 12,10 .06
9 23.06 .66 16.95 4,91
10 22,40 0 12.04 0

11 22.75 .35 16.95 - 4,91
12 23.32 .92 16.95 4.91
13 21.50 -.90 17.09 5.05
14 21.67 -.73 21.13 9.09
15 21.58 -.82 21.13 9.09
16 21,13 ~1.27 17.09 5.05
17 23.43% 1.03 19.10 7.06
18 23,432 1.03 21.13 9,09

aEstimated
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' sales’ points are not in the:same market area‘of;thereﬁare other factors
'compensating"for;the“transﬁortation cost.thap“areﬁnotﬁincluded in the.
price-differential.
~ "A third variable-potentially affecting the competitive position of
. each region was the“cash cost per-hundred pounds of feeder animal pro--
“duced. Most states or regions have published bulletins and fact sheets
‘estimatingjproduction'costé“for producing feeder cattle in areas of.
“each'state;or‘région;s The cash ‘cost is . the most relevant comparative .
index“of;interregional-production;efficiency-and comparative advantage
for feeder cattle production. To compute the cash cost of production, ..
the~following procedure was used.. First, all annual inputs of expendi-.
" tures; were detgrmined“fqr'a'hundredhcoW'production.unit. These annual.
inputs’ included: -native range;'improved pasture, hay, feed supplement,
‘minerals, veterinarian and medicine, bull depreciation, hauling and
~marketing cost, miscellaneous costs, interest, repairs and depreciation,
taxes, and insurance: Second, the value of the sale of cull cows was
- subtracted from the annual input expense. Third, the number of pounds
~of feeder cattle produced for sale was determined. Fourth, the annual
input cost minus the value of cull cows was divided by the total pounds
of feeder cattle to get the cash cost per pound of feeder animal. The
cost of land was not consildered because that cost often includes other:
~factors such as mineral rights-which have little to do‘with the
- agricultural productivity of that land.. Where hay must bé fed part of .
* the year to the cattle; the:cash cost usually will be above that of

~regions which require little or no hay or feed supplement. Again

o "5A7deta11ed.list of the.references used'is given in the
bibliography. .
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Oklahoma City was defined-as’, the base point and the cash costs of pro-
duction in other regions 'were  computed as differentials from the cash.
‘cost”in the"region-represented by Oklahoma'City.” ~Table VII gives the
cash cost of production for-each:region. Figure 3 shows the specific
‘areas” of ‘each region for which the cash cost of production was computed.
The cost  of the specific areas within each  region are used- to represent

-the cash cost”of “the entire region,
Production of Feeder Cattle

' Feeder. cattle are produced throughout the United States but the.

~w ~contribution made by the Northeastern and Lake States-is small compated
~to the remaining regions (Figure 4). The Southern Plains produce the
“largest share of feeder cattle, followed by the Central Plains and
"Western Corn Belt Regions. “The South Central States and Northern Plains
~complete the main five areas for the production of'feeder cattle: By
 state breakdown, the top ten potential feeder cattle:producing states
- in 1965 were: Texas, Nebraska, Oklahoma, South Dakota, Kansas, Missouri,.
~Montana,  Iowa, California, and Coloerado. ‘However, the picture.changes
~-drastically when” the individual state demands' are considered:so:that.the
heavy«feeding states such-as-California, Colorado, Iowa,"and:Nebraska:

- are actually -deficit-supply:regions.  This problem is' concerned only

‘“Withféhé"surpluS“supply;of“feedertcattle-which‘may»potentially be shipped

via-interstate or- interregional- channels.
Projection for .1970

v ~A-five=year projection of demand and supply is' analyzed to hypoth~

~egize the expected relative shifts of regional production of .feeder



Figure 3. Areas within Regions Which Were Used to Calculate Cash Cost of Production
For Entire Region.
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Figure 4. Estimated Potential Supply-and Demand for Feeder 'Ca_ttle, 1965 (1,000 Head).
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ESTIMATED -PROJECTED REGIONAL POTENTIAL SUPPLY -AND DEMAND
FOR FEEDER CATTLE, 1970

Estimated

Potential Estimated Net Supply (+)
Region Supply Demand _or Demand (=)
' (1,000 head) (1,000 head) (1,000 head)

1. Spokane 1005 892 113

2.  Bakersfield 635 2895 -2260 -

3. Ogden 351 190 161

4. Phoenix 545 1082 - -537

5. Billings 945 154 791

6. Cheyenne 399 36 363

7. Denver 586 1447 -861

8. Pierre 1747 984 763

9. Omaha 2288 4401 -2113

10. Oklahoma City 4104 2225 1879

11, St. Paul 492 1176 -684

12. ' Des Moines 2331 5238 ‘-2907
13, . Jackson 2065 305 1760 .
14, ' Indianapolis 477 719 -242

15. Louisville 941 15 926
16. - Thomasville 992 681 311
17. ' Roanoke 559 0 559
'18. Harrisburg. >159 85 74
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“cattle.  -The-projection of  the  demand~for 1970 was derived: by first

considering the demand for feeder cattle within' the eighteen regions-

“and-for the United States for the years 1960 through 1965, A least .

“squares regression functionwas. thenfitted to-the demand data.  Useful

~demand data for all regions were not available for years earlier than

-1960.

More data were available for analyzing the trend, in supply. Poten--

~tial supply- data were used for the years 1945 through 1964. Again. a .

" least squares’ regression function trend line was-fitted to’the data by

regior_xs‘"and"forjthe"United'States”asatwholeu

Supply - and-demand projections  were computed for 1970 for each

“regionand for the United-States. ~Since the sum of the parts must equal:

the whole, the regional trend estimates were adjusted on"a percentage

“basis~such that" the sum:of"the individual regional predictions would

“equal-the expected total United States trend-in the cases of both demand

- and-supply(Table VIII and Figure 5). The demand and supply regression

‘equations are shown'in Appendix H.
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CHAPTER IV

ANALYSIS OF -RESULTS FOR 1965
Results of Model I for 1965

Model T analyzed the impact on the feeder cattle market pattern
distribution‘froﬁ the eleven supply regions to the seven demand regions
using- simultaneous consideration of all three of the transport-
comparative supply cost variables: mileage cost, local market price
differential, and cash cost differential.

The rate for trucks was setxat sixty cents per load mile, assuming
no backhauls, and the problém of whether to ship by motor truck or by
railroad and in what qu;ntities in each case was analyzed. The results
show that the railroads have a definite advantage in the cost of trans-
portation in. the absence of motor truck backhauls and should be utilized
for all interstate movements except the relatively short ones.

Table IX gives the results of the above analysis and Figure 6 shows the
geographic directions and the magnitudes of movements.

- The Far West (Bakersfield) receives about forty-five percent of its
feeder cattle from the Billings and Ogden suppily regions and the
‘remaining fifty~five percent: from the Oklahoma—Texas supply region.’
-“Phoenix receives al1tof'its supply of feeders from the Oklahoma-Texas
-area. Oklahoma and Texas also acceunt for more than half of Denver's

inshipments while Cheyenne ships all of its.available supply to Denver

48



TABLE IX .

OPTIMUM SHIPMENTS OF- FEEDER :CATTLE FROM SUPPLY .

TO DEMAND REGIONS USING MODEL I ESTIMATED

COSTS .WITH TRUCK RATE OF $.60

49

PER MILE, 1965
Quantity _ 'PerCeht of -

. Shipped Percent.of. Percent of. Supplying

From . v To (1,000 Regional Total Region's
Region Cl ':’\;&Region Head) Demand _ Demand Supply
Ogden:" Bakersfield 120% 7.0 1.7 100.0

Billings. . Bakersfield 659% 38.2 9.3 100.0 .
Oklahoma City - Bakersfield 944% 54,8 13.4 40,2
Oklahoma City Phoenix 247% 100.0 3.5 10.5
Cheyenne Denver 289 47,5 - 4,1 100.0
Oklahoma City Denver 319%* 52.5 4.5 13.6 -
Pierre Omaha 138%* 13,9 2,0 18.4
Oklahoma City Omaha 837 84.4 12,1 35,7
Jackson- Omaha 17% 1.7 .2 1.1
Pierre St. Paul 610% 100.0 8.6 81.6
Louisville Des Moines 632 24,0 8.9 89.5
Jackson: - Des Moines 1,491% 56.6 21.1 98.9
Thomasville  Des Moines 513% 19.4 7.3 100.0
Louisville Indianapolis - 74 29,2 1.0 10.5
"~ Roanoke . Indianapolis . - 179 - 70.8 2,5 40,2

*Railroad shipments.
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to complete Denver's demand, In:the Midwestern demand region of Omaha,
the Oklahoma-Texas supply region accounts for eighty-four percent of
the inshipments while ‘Pierre ships in from-the North and Jackson ships-
in from the South. St. Paul is supplied solely by the Pierre supply.
region. In the heart of -the Corn-Belt states, Des Moines draws heavily
from the Southeastern quarter  of the United States represented by the
Louisville, Jackson and Themasville supply regions. The Eastern Corn- .
Belt region of Indianapolis is ‘supplied by .Louisville and Roanoke.
Because the total supply exceeded the total demand, two supply re-
gions did not have a feasible market for their small supplies. Spokane
in'the-Northwest»and Harrisburg in the Northeast did not ship feeder

“cattle in Model I,
Results of Model II for 1965

Model II considered the impact of the optimum distribution pattern
- of ‘feeder cattle when- only the price differentials and transportation
charges were used as determinants, assuming no motor truck backhauls
and-a-truck .rate .of '$.60 per load mile. The computer analysis of
“Model-II indicated that without considerafion for the cash cost of pro-
duction, optimum shipping patterns:are altered slightly. Railroads
continued to have a substantial advantage in transportation cést‘over
motor trucks except for the very short hauls. Table X gives the results -
~of-aModel II analysis and-Figure 7 shows the geographic directions of .
-the - distribution.

| Bakersfield was supplied by .the Spokane; Ogden, Billings, and
Oklahoma~Texas regions with eighty-six percent of the inshipments

coming from the Billings and Oklahoma-Texas regions. Again, the
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"TABLE X

OPTIMUM SHIPMENTS-OF FEEDER CATTLE FROM SUPPLY .
TO DEMAND REGIONS USING MODEL II ESTIMATED
COSTS WITH TRUCK RATE OF $.60
PER MILE, 1965

Quantity ‘ ~ Percent of
Shipped = Percent.of - Percent of Supplying
From To (1,000 Regional Total - Repion's .
Region - _Region _ Head) ‘ Demand _Demand Supply.
Spokane . Eakersfield 119% 6.9 1.7 100.0
Ogden Bakersfield 120% 7.0 1.7 100.0
Billings =~ Bakersfield - 659% 38.2 9.3 100.0
Oklahoma City Bakersfield- 825% 47.9 11.7 35.2
Oklahoma City Phoenix 247% 100,0 3f5 10.5
Cheyenne Denver 289 47.5 4.1 100.0
Oklahoma City Denver | 319%* ‘52.5 4.5 13.6
Pierre : Om;ha 138% 13.9 2.0 18.4
Oklahoma City Omaha 854% 86.1 12.1 36.4
Pierre, St Paul 610% 100.0 8.6 81.6
Louisville Des Moines 513 19.5 7,3 72,7
Oklahoma City Des Moines 102%* 3.9 1.4 4,3
Jackson- Des. Moines 1,508% 57.2 . 21,3 100.0
Thomasville - Des Moines 513% 19.5 7.3 100.0
Louisville Indianapolis 193 76.3 2.7 273
Roanoke Indianapolis A 60 23.7 v.8 13.5-

*Railroad shipments.
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Oklahoma-Texas region accounted for -all needs in the Phoenix .area.
‘Denver was supplied by the Oklahoma-Texas and Cheyenne supply regions
as in Model ‘I. ' In the Midwest, Omaha‘continued‘to depend upon the
Oklahéma—Tean»supply-region:for most of its .inshipments of feeder
cattle while Pierre supplied about fourteen percent of the feeder.
cattle for Omaha. Pierre was the only supply region shipping to the
St. Paul demand area. In Model II, the Des Moines demand region again
received most of its supply from the South and Southeastern regions of
Louisville, Jackson, and Thomasville, but the Oklahoma-Texas region
also supplied more than 100,000 head of feeder cattle: to this region.
- The-Eastern Corn-Belt region of Indianapolis again received inshipments
of feeder cattle from~the_L0uisville and Roanoke supply regions.
Without the cash cost of production differentials considered in
the model, the transportation cost overshadows the .relatively small
price differentials among regions. - Therefore, Spokane is close enough
to Bakersfield to competitively supply Bakersfield. The Oklahoma-Texas
"region ships fewer feeder cattle to Bakersfield in Model II than Model I
because of the entrance of .the Spokane supply shipments to Bakersfield
in Model IT, Thus, the Oklahoma-Texas region has more feeder cattle
available to ship to the Omaha and Des Moines reégions in Model II.
Aﬁother‘difference,iﬁ'the.results~from‘Model.II as compared with the.
results from Model . I is that Louisville ships more feeder .cattle to.
Indianapolis under Model II conditions. Jackson-ships its entire
~supply to the Des Mbines"region in Model II while discontinuing its
shipments to Omaha. - The Oklahoma-Texas region in Model II replaces
the quantity supplied to dmaha by -Jackson in Model I and in addition,

Oklahoma~Texas. exhausts its remaining supply to the Des Moines region. -
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Because Oklahoma-Texas has taken part of the Des Moines market in Model

: g )
IT - a part which Louisville had in Model I -'Louisville increases “its
shipments to .Indianapolis, thereby decreasing-the.share?of the Indian-
apolis ﬁarket'available for Roanoke,

The Northeastern supply region of Harrisburg did not ship its small

supply of feeder cattle in Model II,
‘Results of Model III for 1965

‘Model III analyzes the impact of the differentials in cash costs of
‘production and the transportation rate on the optimum pattern of distri-
butioﬂ'of feeder-catfle marketings. Ignoring the possibility of truck
backhauls, the results of the -optimum problem solution for Model III
show‘essentially_the same»distribution of feeder cattle as Model:I except
‘that Roanoke ships to Des Moines as well as Indianapolis in Model III.
The only other change is that Louisville ships only to Des Moines in
‘Model III rather than to both Des Moines and Indianapolis.

As in Model I, neither Spokane in the ‘Northwest nor Harrisburg in
the Northeast made ‘any shipments in Model III.

Table XI .gives the results of the above analysis and Figure 8 shows

the geographical directions of .the distribution.:
Results of Model IV for 1965

In Medel IV the optimum'feeder:cattle-mafketrdistributibn;was esti-
mated using only the’enroute:COSt of transportation. This model defines*
the least-cost array .of 'shipments, :with a truck rate'of $.60 per load
mile. * The optimum solutien for Model IV was identical with the distri--

bution defined by Model II. This indicates either that .the existing



OPTIMUM SHIPMENTS OF FEEDER CATTLE FROM SUPPLY-
TO DEMAND REGIONS USING MODEL III ESTIMATED
COSTS ‘WITH TRUCK RATE OF $.60

TABLE XI

PER MILE, 1965

56

Quantity Percent of -
Shipped Percent of Percent 'of. Supplying
From To (1,000 Regional Total Region's
"Region . Region Head) Demand Demand Supply_
Ogden- Bakersfield 120%* 7.0 1.7 100.0
Billings- Bakersfield 659% 38.2 9.3 -100.0
Oklahoma City Bakersfield 944% 54,8 -13.4 40,2
Oklahoma City Phoenix. 247% 100.0 . 3.5 10.5
Cheyenne Denver - 289 47.5 4.1 100.0
Oklahoma City Denver. 319%* 52.5 4.5 13.6
Pierre - Omaha 138%* 13.9 2.0 18.4
Oklahoma City Omaha. 837% 84.4 12,1 35.7
Jackson Omaha 17% 1.7 2 1.1
Pierre" St, Paul 610% 100.0 8.6 81,6
Louisville Des Moines . 440 16.7 6.2 62.3
Roanoke Des Moines 192 7.3 2.7 43.1
Jackson Des Moines  1,491% 56.6 21.1 98.9-
ThémasVille Des Moines 513% 19.5° 7.3 100.0
Roanoke Indianapolis 253 100.0 3.5 56.9

%Railroad shipments.
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price differentials are in fact compatible with the optimum pattern that
should theoreticglly prewail (i.e., that the price-differentials do
reflect_transportation-cpsts) according to the transportation cost, or
“that the-influence‘of the transportation cost is such a dominant deter-
minant of market patterns of feeder cattle shipments that the price
differentials are inconsequential. -

Table XII gives the results of the above analysis and Figure 9

-shows the geographical directions of the -distributien.
Influence of ‘Backhauls on the Optimum Solution-

Up-to this point, the optimum solution has been considered under
- the condition that no backhuals were available to alter the revenue
picture for the truck cattle haulers. Without backhauls, the trucker
- must- charge enough on the half of the trip when his truck is loaded to
pay -for the return trip without any load.
The results of ‘the $.46 per load mile charge for motor trucks,

~accounting for the presence.of backhauls for truckers in.about one-
third of the cases while 'keeping the railroads rate constant, suggest
that current shipping practices of hauling most of ‘the feeder cattle by
truck are generally consistent with the expected economic optimum.
Generally, 'the shipping direction and patterns remain about the same as
theh$.60'per"load mile charge for motor trucks but with motor trucks
replacing railroads in the majority of ‘interregional shipments.
© Tables XIII through XVI and Figures 10 through 13 give the results of
the - optimum médel solutiong with a truck rate of $.46 per.load mile.

When the truck rate was. decreased from $.60 to $.46 per -load mile,

“some significant;éhanges are warth noting in addition to the fact ‘that



TABLE XII

OPTIMUM: SHIPMENTS- OF FEEDER CATTLE FROM SUPPLY
TO DEMAND  REGIONS USING MODEL IV -ESTIMATED
COSTS. WITH TRUCK -RATE OF $.60
PER MILE, 1965

59

Quantity Percent of -
. Shipped Percent of Percent of. Supplying

From . To (1,000 Regional Total Region's
Region. Region . Head) - Demand. Demand Supply
Spokane Bakersfield 119* 6.9 1.7 100.0
Ogden. Bakersfield 120% 7.0 1.7 100.0
Billings Bakersfield 659% 38,2 9.3 100.05.
Oklahoma City - Bakersfield 825% 47 .9 il.7 35.2
Oklahoma City Phoenix.. 247% 100.0 3.5 10.5
Cheyenne . Denver 289 47.5 4.1 100,0
Oklahoma City Denver. 319+* 52.5 4.5 13.6
Pierre- Omaha 138% 13.9 2.0 18.4
Oklahoma City . Omaha 854% 86.1 12.1 36.4
Pierre- St. Paul 610% 100.0 8.6 81.6
Louisville Des Moines . ~-513 19.5 ' 7.3 72,7
Oklahoma City . Des Moines 102% 3.9 1.4 4.3
Jackson Des Moines 1,508% 57.2 21.3 100.0
Thomasville Des Moines 513% 19.5 7.3 100.0
LOuiSVille Indianapolis 193 76.3 2.7 - 27.3
Roanoke Indianapolis - 60 . 23.7 | .8 13.5

~~*Railread shipments,
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OPTIMUM  SHIPMENTS OF -FEEDER 'CATTLE' FROM SUPPLY-

TABLE -XITI

TO DEMAND- REGIONS USING MODEL I ESTIMATED

COSTS -WITH TRUCK RATE OF $.46

PER MILE, 19

65

61

Quantity

Percent of
Shipped Percent of - Percent of Supplying
From To (1,000 Regional- Total: Region's"
Region Region __Head) Demand Demand Sggply ,
Ogden - Bakersfield 120%* 7.0 | 1.7 100.0
Billings Bakersfield 340% 19.7 4.8 51;6
Oklahoma City . Bakersfield 1,263% 73.3 17.9- 53.8
Oklahoma City Phoenix: C247% 100.0. 3.5 10.5
Billings Denver 319 52.5 4.5 48.4
Cheyenne Denver - 289 47,5 4.1 100.0
Pierre Omaha 138 13.9 2,0 18.4
Oklahoma City Omaha 837 84,4 11.8 35.7
Jackson Omaha 17% 1.7 .2 1.1
Pierre - St. Paul 610 100.0 8.6 81.6
Jackson- Des Moines 1,491 56.6 21.1 98.9
Louisville Des Moines" 632 24,0 8.9 89.5
. Thomasville Des Moines 513 19:4 7:3 100.0
Louisville Indianapolis 74 29,2 1.0 10.5
Roanoke . Indianapolis - 179 70.8 2.5 40.2

*#%Railroad shipments.
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Figure 10. Interregional Flows of Feeder Cattle According to Model I with Truck
Rate of $.46 Per Mile, 1965.
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TABLE XIV

‘OPTIMUM SHIPMENTS QF FEEDER CATTLE FROM SUPPLY
©~ TO DEMAND REGIONS USING MODEL II ESTIMATED

COSTS WITH TRUCK RATE OF $.46

PER MILE, 1965

63

" Quantity

’ Percent of
Shipped Percent of - Percent of Supplying

From To (1;000 Regional Total Region's
Régionf Region »;yead) . Demand -Demand _Supply -
Spokane - Bakersfield | 119* 6.9 1.7 100.0
Ogden Bakersfield 120% 7.0 1.7 100.0
Billings . Bakersfield 340% 19.7 4.8 51.:6
Oklahoma Cit§ Bakersfield 1,144% 66.4 16.2 48,7
Oklahoma City Phoenix - 247% 100.0 3.5 10.5
Billings Denver 319 52.5 4,5 48.4
Cheyenne Denver 289 47.5 4,1 100.0
Pierre Omaha 138 13.9 2.0 18.4
Oklahoma City  Omaha 854 86,1 12.1 36.4
Pierre St. Paul 610 100.0 8.6 81.6
Jackson Des Moines - 1,508 57?2 21.3 100.0
Louisville Des Moines 513 19.5 7.3 72.7
Thomasville Des Moines 513 19.5 7.3 100.0
Oklahoma City Des Moiﬁes-' 102% 3.9 1.4 4.3
Louisville Indianapolis 193 76.3 2,7 27.3
Roanoke Indianapolis 60 23.7 .8 13.5

~*¥Railroad shipments.
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TABLE XV -

OPTIMUM SHIPMENTS-OF FEEDER CATTLE FROM SUPPLY-
TO DEMAND REGIONS USTING-MEDEL-III ESTIMATED
- COSTS WITH TRUCK RATE OF $.46
PER MILE, 1965

65

‘Quantity

’ - Percent of -

Shipped - Percent.of Percent of Supplying

From To ~=(1,000 Regional. - -Total Region’s
Region' Region ~-Head) Demand .~ Demand Supply.
Ogden;~—f‘ ‘Bakersfield 1206 7.0 1.7 100,0
Billings" - Bakersfield = 340% 19.7 4.8 51.6
- Oklahoma City Bakersfield: 1,263% 73.3 17591 53.8
Oklahoma City Phoenix. 247% 100.0 3}5  10.5
Billings Denver - 319 52.5 4.5 48.4
Cheyenne Denver - 289 47.5 4.1 100.0
Pierre- Omaha 138 13.9 2.0 18.4
Oklahoma City Omaha 837 84.4 11.8 35.7
Jackson ~ Omaha 17% 1.7 ) 1.1
Pierre St. Paul 610 100.0 8.6 81.6
Jackson. Des Moines 1,491 56.6 21.1- 98.9
Louisville Des Moines 440 16.7 6.2 62.3
- Thomasville Des ‘Moines . 513 19.4 7.3 100.0
4Roanoke Des ‘Moines, 192 7.3 2.7 43,1
Roanoke Indianapolis 253 100.0- 3.5 56.9

#Railroad shipments.
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TABLE: XVI -

PER MILE, 1965

OPTIMUM SHIPMENTS-OF FEEDER CATTLE - FROM SUPPLY"
TO- DEMAND REGIONS USING MODEL IV ESTIMATED
COSTS WITH TRUCK RATE OF $.46

67

Quantity

‘Percent of

Shipped = Percernt of - Percent:-of - Supplying

From To - (1,000 Regional Total Region's:
Region' ".- Regiqn _Head) Demand Demand Sugply
SpokaneJ Bakersfield 119* 6.9 1.7 100.0
Ogden- - Bakersfield 120% 7.0 1.7 100.0
Billings ' Bakersfield - 340% 19.7 4.8 51.6
Oklahoma City Bakersfield — 1,144% 66,4 16.2 48.7
© Oklahoma City Phoenix- “247% 100.0 3.5 . 10.5
Billings Denver 319 52.5 4,5 48.4
Cheyenne Denver 289 47.5 4.1 100.0
Pierre Omaha 138 13.9 2.0 18.4
Oklahoma City Omaha 854 86.1 12,1 36.4
Pierre | St. Paul 610 - 100.0 8.6 81.6
Jackson- Des Moines 1,508 57.2 21.3 100.0
Louisville Des Moines 706 26.8 10.0 100.0
Thomasville Des Moines. 128 4.9 1.8 25,0
Roanoke- Des~Moines  192 7.3 2.7 43,1
-Oklahoma' City - Des Moines -102% 3.9 1.4 4,3
Roanoke- Indianapolis - .: 253 : 100.0 3.6~ 56,9 .

-~*Railread shipments.



Figure 13.

Interregional Flows of Feeder Cattle According to Model IV with Truck
Rate of $.46 Per Mile, 1965.
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most of the hauls shift to motor truck transportation at the $.46 per
load mile rate: In:the-West, Bakersfield receives only forty percent.
of Billings' supply of feeder cattle under the-$.46 rate whereas it
received all of Billings' supply at the $.60 truck rate. The Oklahoma-:
Texas region substantially increases its supply shipments to Bakersfield
to replace the reduced supply from Billings. Billings replaces the
Oklahoma-Texas region as a source of supply for part of Denver's demand, -
-The Bakersfield and Phoenix demand regions continue to be supplied en-
tirely via railroad while the remainder of the United States is served
by motor trucks except for a small shipment to Omaha from Jackson in.
Models I and III and a small shipment to Des Moiﬁes from Oklahoma-Texas
in Models II and . IV, Except for the specific cases just pointed out,
the optimum solutions at the $.46 truck rate are identical with the

quantities and patterns of shipments as the $.60 rate optimum solutions.
Regional Patterns of Distribution Observed in 1965

California, representéd by Bakersfield in the model, shipped very
-few nonfed 6r feeder cattle out of state. It had many more‘inshipments
: than:outshipments and, therefore, was a deficit supply area., It re-
- ceived forty percent of -its féeder cattle from Texas, sixteen percent
from Arizona, ten percent from Oregon, eight percent from Nevada, four
‘percent from New Mexico, three percent from Idaho, Oklahoma, and Utah,
a fewvfrom Colorado and Kansas, and about ten percent from miscellaneous
sources which were'mainly the Southern states.’

Arizona and New Mexico (Phoenix in the model) received the majority
of their-inshipments of feedér cdttle from the Southern Pléins and the

Southeast. ‘AriZOna:éctually shipped over eighty percent of its 331,000
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head'of'exportedistocker~feeders into-€alifornia and most.of -its inship-
ments-moved into the two principal feedirg .aréas around Phoenix ‘and
Yuma. New Mexico’presently.is exporting more feeder cattle than it im-
ports. Texas supplies fifty-five percent of ‘Arizona's inshipments.

The remainder of Arizona's inshipments comes mostly from four other
"sources: about seven percent each from New México and Oklahoma, fifteen
percent from 0ld Mexico, and fourteen percent from the Gulf States.
Texas .supplies most of the inshipments to New Mexico whiie New Mexico
exports the majority of .its stocker~feeders into Colorado, Kansas,
‘Oklahoma, and Texas feedlots.

“Region 7, represented by Denver, encompassing Colorado, exported
‘feeder cattle into every state bordering-it but the main pattern of-
shipments moved east into Nebraska, Kansas and the Western Corn-Belt
"region;"HColoradO'iﬁgéfts more stocker-feeder cattle than it exports
which-makes it a demand region as shown in the model: Colorado re-
ceives thirty-nine percent of .its inshipments from Texas,-fourteen.pef—.
cent from Kansas, thirteen percent from New Mexico, . nine percent from
Nebraska, eight percent from Wyoming, seven percernt.from Oklahoma, small:
inshipments from Idaho and Montana, and seven percent from other sources.

The Nebraska-Kansas feeding region (Omaha) shipped very few feeder
‘cattle to points outside its area but received large numbers of feeder
cattle from Colorado, Texas-Oklahoma, wyoming,’and Montana.

“The Cérn—Belt states which comprise Region 12 (Des Moines) and
~Region 14 (Indianapolis) received inshipments of feeder cattle from.
Montana; Wyoming, the Dakotas, Colorado, Oklahoma, Teéxas, New Mexico,

- Alabama, Mississippi, and Tennessee. Table XVII is useful to. depict
“the ‘trend of feeder cattle shipments into the North Central states by

statée or origin during recent .years.



TABLE XVII

DIRECT SHIPMENTS OF STOCKER-FEEDER CATTLE AND" CALVES INTO. SELECTED
"NORTH- CENTRAL STATES BY STATE OF ORIGIN

1959 1960 1961 1962 1963 1964 1965
Alabama . : - - - 27.,923 27,852 30,374 29,539
Arizona , 2,784 . 661 - 3,413 2,561 3,327 6,683 2,830
California 4,971 1,902 3,003 8,730 21,504 5,115 4,196
Colorado : 132,819 154,712~ 137,350 181,139 163,613 209,590 117,870
Idaho . ’ ' 30,241 20,784 26,333 38,334 . 25,761 48,450 50,264
Illinois : 15,874 - 16,064 - 16,409 14,025 32,557 37,552 25,207
Towa 44,356 44,857 40,695 61,845 63,598 68,410 66,046
Kansas 448,984 351,528 355,187 473,952 545,421 554,708 431,243
Kentucky - - - 59,602 92,511~ 105,745 121,149
Minnesota - - - 44,092 41,334 44,944 77,397
Mississippi: - - - 54,012 69,775 75,435 61,584
Missouri. ' 218,715 190,560 216,219 285,591 303,300 290,281 353,391
Montana , 458,903 = 543,217 516,475 499,490 412,942 507,541 541,395
Nebraska 360,401 372,861 348,722 394,436 377,966 426,276 349,173 .
Nevada 7,006 3,048 4,578 7,410 3,024 5,391 4,534
New. Mexico 58,276 71,296 48,150 143,766 . 104,446 96,895 65,315
North Dakota - - - 213,458 165,832 196,815" 242,041
Ohio - - - 45713 5,514 6,708 8,776 -
Oklahoma 148,139 113,112 156,801 209,425 199,281 209,339 207,685 .
Oregon 18,520 11,630 16,480 39,220 13,193 36,490 40,494
South Dakota 577,317 - 497,140 . 508,543 476,592 464,759 510,916 544,899 -
Tenhessee —_— - — 34,650 32,271 34,440 35,814
Texas 354,022 391,302 416,599 562,573 526,765 448,943 386,173
Utah 6,589 4,417 4,199 . 6,228 6,119 6,245 6,587

T¢L



TABLE

-XVII- (CONTINUED)

1959

1960

1964

1961 1962 1963 1965
Washington : 4,593 1,443 3,420 8,023 2,810 8,005 10,739
Wisconsin- - - - — 50,958 66,365 55,537 39,474
Wyoming : 183,986 195,340 198,772 206,298 203,234 214,139 222,361
Other States 752,712 761,406 968,699 272,285 260,262 215,969 - 185,835
Canada -' - L as - 222,380 124,875 - 81,165. 329,261
Total S 3,829,208 3,747;280 3,990,047 4,603,711 4,360,211 4,538,101 4,561,272

Source:” U, S.-Department. of Agriculture, Livestock and Meat Statistics, Selected Issues, AMS, SRS, ERS,
-+ StatistiecalBulletins- 230-and: 333,  (Selected States:” Ohie, Indiana; Illinois, Michigan, .
Wisconsin, ‘Minnesota; Iowa; South Dakota; and Nebraska).

cL



The resultS'fromfthé'cgmputer'analysiS“of*thejtransportation'prof'
“blem in,1965,'with:two exceptions,; "fellow .rather accurately the overall
"shift in-the market pattern-for shipping feeder cattle in the United-
States. The model indicates -that Montana should ship much of its supply .
inte California. The actual data shows that Montana ships most of its
cattle into the Midwest or North Central states and very small amounts
into California. The model .also shows that Wyoming-(Region 6) should
ship mostly into Colorado but the actual data indicate that Wyoming
"has .its largest market in Nebraska and the Western Corn-Belt region.
These differences of the actual shipping patterns from the theoretical
model are most - likely explained through the recognition of the weakness
of the assumption of homogeneity of feeder cattle among regions. As.
‘was indicated in.Chaptef IT, the homogeneity assumption is the ideal
rather than what actually exists. The feeder cattle from the Northern
- Plains region are a high quality source of supply which the Corn-Belt
'region‘traditionally;places‘on:feedi The trend of higher quality feeder

.

‘~demand in ' the €Corn-Belt region is partially illustrated by the fact that
Corn-Belt terminal“marketS';xhibit the highest average prices of-any
“region in the . United States (see Figure 14). California's average-
-price for feeder cattle is lower than the average pricé in the -Corn-
Belt regionj therefore, Montana tends-to ship to.the higher priced

area. For the same reason, Wyoming ships into the Corn-Belt region
rather than into Colorado. Califernia and.Colorado both have adequate
sources of feeder cattle inshipments at lower prices than Mentana and
Wyoming, thus, the Southern Plains are in a very favorable position to

supply California and.Colorade. The model considers only the net.

movement of feeder cattle between regions, and, therefore, the solution
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Figure 14. Average Prices for Good 500-800 Pound Feeder Cattle From 1956-64 for
Various Markets in the United States.

Source: U. S. Department of Agriculture, AMS, Livestock Division Market News Service.
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‘will-only show the particular-region either as a“defic¢it or surplus -
‘region, This assumes:that:local demand will be supplied by local.supply,
if it exists, before:requiring inshipments, There-is -no accurgte way

of -estimating the degree to which different regions exchange supplies. -
Cost Analysis of Models for 1965

"The preceding discussion-.outlined the general optimum shipment
patterns for the different models in terms of quantities shipped and
the\geographical distribution. Each of the optimum solutions also speci-
fied the transfer cost per hundredweight and the cost ranges over which
the optimum solution remains unchanged.

A detailed explanation of -two model solutions will'illustéate the
‘usefulness of the cost ranging information contained in the linear
program solutien. The illustration will begin with a truck rate of

-$,.60 -per mile for 1965 quantities and then compare the changes which

ocecur-as the truck rate decreases to:$.46 per mile for 1965 quantities.

- To complete the .cost-analysis, the.same two models will be examined in

-the-following chaptér for the predicted 1970 supply and demand quanti-
ties: ~The remaining model solutions are included in Appendix F.

The first model solution considered is Model IV with a truck rate
of-$.60 per mile. Table-XVIIL is the table of reference at this .point,
»Starting from the left side, thg first three columns of Origin, Destina-
tion, and Quantity Shipped are self—explanatéry. The column headed
‘"Transfer Cost/Cwt.'" ‘gives the present transfer -cost to ship one hundred. -
pounds of feeder cattle from the corresponding origin to the designated
demand point. ‘The hext. four columns come under the general heading

"Cost-Range over which Optimum Solution Remains Unchanged." In other



TABLE XVIII

COST ANALYSIS OF MODEL IV OPTIMUM SOLUTION WITH TRUCK,RATE
OF $.60 PER MILE, 1965

Trans~-

Quantity fer Cost Range over which Optimum Solution Remains Unchanged

Shipped Cost/ Lower Upper '

(1,000 cwt. Limit Incoming Vector at Limit Incoming Vector.at
Origin Destination . Head) (%) (8) . Lower Limit. -(8) _ Upper Limit,
Spokane Bakersfield 119% 1.38 INFINITE UNBOUNDED 2,11 Spokane-Bakersfield
Ogden Bakersfield: 120% .97 INFINITE UNBOUNDED 1.42 Ogden-Bakersfield
Billings Bakersfield 659%  1.59 INFINITE UNBOUNDED 1.74 Billings-Denver¥* .
Oklahoma City Bakersfield 825% 1.59 1.44 Billings-Denver¥* 1.78  Jackson-Bakersfield#*
Oklahoma City Phoenix 247% 1.28 INFINITE UNBOUNDED 1.41 Jackson-Phoenix¥*
Cheyenne Denver 289 .19 INFINITE  UNBOUNDED .38 Cheyenne. UNUSE
Oklahoma City Denver 319% .82 .46 Cheyenne-Bakersfield¥* .84 Pierre-Denver*
Pierre Omaha 138% 67 .52 Jackson-St. Paul® .70 Pierre-Denver¥
Oklahoma City Omaha 854% .68 .66 Pierre-Denver¥® .75 Jackson-Omaha*
Pierre St. Paul" 610% .68  INFINITE UNBOUNDED 73 Pierre-~St. Paul:
Louisville Des Moines 513 1.06 .94 Thomasville UNUSE: 1.17 Roanoke-Des Moines
Oklahoma City Des Moines: 102% 74 .67 Jackson-Omaha* .78 Pierre-Des Moines#
Jackson. Des Moines .1508* 1.16 INFINITE UNBOUNDED 1.23 Jackson—-Omaha¥*
Thomasville Des Moines- 513% 1.56 INFINITE - UNBOUNDED 1.65 Thomasville~Omaha
Louisville Indianapolis 193 .21, .09 Roanoke-Des Moines. .32 Thomasville UNUSE
Roanoke Indianapoli .83 .71 Thomasville UNUSE .95 Roanoke-Des Moines

s 60

*Railroad shipments.

9L
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words, the last four columns give the ‘interval over which the present
‘transfer cost may vary without generating a‘-change in-the optimum.solu-
tion. "Should the cost of transfer fall outside-the specified interval,
the sixth and ‘eighth-columns-define-the first change-that would be made
in'reaching,a new optimum. . If, for example, the cost of shipping from
Oklahoma City to Bakersfield should decrease by $.15 per-hundredweight.
-*Billings will begin shipping to-Denver by-rail., At the other end of
-the interval, if the rate from Oklahoma City to Bakersfield should in-+

“crease to $1.78 per-hundredweight (an increase of $.19), Jackson will

"~ begin to ship to Bakersfield by rail, thus partially replacing Oklahoma

€ity in the Bakersfield market., When .an incoming vector gives the . name.
of ‘the shipping point followed by the word "UNUSE", this indicateés

that that - particular shipping point is forced out of competition and has
no feasible market to which to ship its feeder cattle. Any shipment
route which has an "INFINITE" lower limit will continue to ship to the
same point :as in the currént optimum selution regardless of any decrease
in the shipping cost.

Two: generalizations may be drawn concerning the cost range from.
-the-West-Coast:to the Eastern Corn-Belt. For all:model solutions, the:
cost ranges over which the . optimum solution remained unchanged were very
wide on the West and East coasts but very-narrow or sensitive to
-change through-the mid-section of.the country. If the rates were to
increase or decrease &y.$.051per hundredweight or -less for five dif-
-ferent shipments into the Great flains or the Corn Belt, the optimum
solution would-change. - The second generalization is that .the optimum
solution -is more.sernsitive to change from rate increases than rate’

decreases.
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The optimum solution for Moédel IV with-a truck 'rate-of $.46 per
'mile for 1965 -quantities-in‘general gives the same geographic distribu~- -
tion of ‘shipping as with the $.60 per mile rate“for trucks (Table XIX).
The  primary difference with the lower truck rate is that mostté? the .
shipping is done by trucks whereas the $.60 truck rate caused most
shipments to ' be sent by railroad, Another difference (besides a decrease
-in the:''transfer cost per cwt.' column) is that as the truck rate is
-decreased, the interval for-cost changes is reduced also.
‘The secoﬁdimodel'which is . considered in detail is Model III. It
~-will be observed that the overall geographic distribution for Model III
as shown in Table XX is .much.the same as for Model IV. However, .the
-cost figures per hUndredweight5transferred include an "additional cost
variable - cash cost of production. In general, the costs for Model
“III are greater than Model IV costs because of the inclusion of this
~variable. However, the same pattern as for Model IV with wide transfer.
_coét,intervals on the~West’and_East;coasts but very narrow intervals in.
the middle of the country Was.also'exhibited by Model III. Model TIII
‘also exhibitska;greatér-sensitivity to. truck rate increases than to rate
decdrelises, - : T e e
Muqh_theZSame~c0nclusions,can\beudrawn~from the Model III solution

as the truck rate-is decreased to.$.46 per mile as for the Model IV solw

'y

‘the* $;46 per mile truck rate. The Model III solution cost analy
sis. for 1965 with a. truck ratetof $.46 per mile is given in Table XXI.

St -~The  transition from the linear programming results of the-optimum
shipment pattern to the transportation problem type .of tableau can.be’
made~easily. Table XXII illustrates the.optimum shipments.of Model IV, -

with the $.46 truck rate; for 1965 quantities in the general



'TABLE XIX.

COST - ANALYSIS OF MODEL .IV-OPTIMUM SOLUTION WITH TRUCK RATE

OF $.46 PER MILE, 1965

Trans—-

UNBOUNDED

Quantity fer Cost Range.Over:Which Optimum Solution Remains Unchanged.
Shipped Cost/ Lower Upper
(1,000 cwt.: Limit Incoming Vector at- Limit  Incoming Vector at
Qrigin . Destination  head) ($) (3$) Lower Limit. ($) Upper.Limit
Spokane Bakersfield, 119% 1,38 INFINITE UNBOUNDED 1.62  Spokane-Bakersfield
Ogden ‘Bakersfield 120% .97 . INFINITE UNBOUNDED 1.09 Ogden-Bakersfield.
Billings Bakersfield 340% . 1.59. 1.58 Oklahoma-Denver¥ 1.94  Billings-Bakersfield.
Oklghoma City Bakersfield. 1144%  1.59. 1.24 Ogden—Phoenix 1.60 Oklahoma=-Denver¥ -
Oklahoma-City Phoenix:  247% 1,28 INFINITE UNBOUNDED 1.40-  Oklahoma-Phoenix
" Billings:  Denver 319 .81 46 Cheyenne-Bakersfield .82 Oklahoma-Denver¥*
.. Cheyenne " ‘Denver 289 .14  INFINITE UNBOUNDED .38 Cheyenne. UNUSE
Pierre- Oniaha - "138 .55 .55 Pierre-SD. Paul* .59 Pierre-Denver
Oklahoma City Omaha 854 .67 .65 Pierre-Denver¥ .68 Oklahoma-Omaha*.
Pierre St. -Paul: 610 .56  INFINITE UNBOUNDED .56 Pierre-St. Paul%
Jackson - -~ Des Moines: 1508 1.16 INFINITE UNBOUNDED 1.16 - Jackson UNUSE
.Louisville ~Des Moines- -706 .81 INFINITE- UNBOUNDED .90 Louisville-~Indianapolis
. -Ihomasville Des Moines 128 1.50- 1.45 Louisville UNUSE 1.52 Harrisburg-Indianapolis
_Roanoke'. .~ Des Moines: 192 1.37° 1.35 Harrisburg-Indianapolis 1.50 Roanoke UNUSE
. Oklahoma:City Des Moines' 102% T4 .67 Harrisburg-St, Paul .76 Pierre-Des Moines®
Roanoke™ - Indianapolis 253 .64  INFINITE .66  Harrisburg-Indianapolis

*Railroad shipmerits.
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TABLE XX

COST -ANALYSLS OF MODEL III OPTIMUM SOLUTION WITH TRUCK: RATE

‘OF $.60 PER MILE, 1965

INFINITE

Trans-

Quantity fer. Cost Range Over Which Optimum Solution Remains Unchanged.

Shipped. Cost/ Lower ‘ ~ Upper

(1,000 cwt, Limit Incoming Vector at Limit  Incoming Vector at-
Origin Destination . head) . ($). (8 7 Lower Limit. (8) Upper Limit
Ogden . Bakersfield 120% 3.88 INFINITE UNBOUNDED 4,33 Ogden-Bakersfield
Billings Bakersfield . 659% -1.,06 INFINITE UNBOUNDED -.91 Billings—Denver¥
Oklahoma City Bakersfield  — 944% 1,59  1.44 Billings-Denver® 1.62 Roanoke-Bakersfield®
Oklahoma City Phoenix 247% 1.28 1.26° Roanoke~Bakersfield 1.34-  Jackson-Phoenix*
Cheéyenne. "~ Denver - 289 1.77 - INFINITE - UNBOUNDED 1.96 Cheyenne. UNUSE:
Oklahoma City Denver 318%* .82. .46 . Cheyenne~Bakersfield#® .84 Pierre-~Denver*
Pilerre " Omaha. 138% .73 .65 Jackson-St. Paul# .76 Pierre-Denver#
Oklahoma City Omaha: 837% .68 .66 Pierre-Denver® 71 Roanoke-Omaha¥*
Jackson Omaha 17%  6.22  6.15 Oklahoma-Des Moines* 6,24 Thomasville-Omaha*
Pierre. St. Paul 610% .74  INFINITE UNBOUNDED .79 Pierre-St. Paul:
.Louisville Des Moines- 440" 10.15  8.98- Roanoke UNUSE. 10.26 Louisville-Indianapolis

- Roancke Des Moines 192  8.85. 8.73 Louisville-Indianafolis 8.95  Roanoke-St. Paul

Jackson . Des Moines- = 1491% 6.21 6.19 Thomasville-Omaha 6.28 Oklahoma-Des Moines*
Thomasville ' Des:- Molnes 513% 6.61 - INFINITE UNBOUNDED 6.63 Thomasville-Omaha*
Roanoke Indianapolis 253 7.89 UNBOUNDED 8.01 Louisville-Indianapolis

*Railroad shipments.
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TABLE XXI

COST - ANALYSTS OF MODEL:III OPTIMUM. SOLUTION WITH TRUCK RATE

OF $.46 PER MILE, 1965

Trans—-

Quantity . fer Cost ‘Range Over Which Optimum Solution Remains Unchanged

Shipped Cost/ Lower =~ ' Upper

(1,000 cwt. Limit. Incoming. Vector.at. .. Limit Incoming Vector at
Origin Destination . head) ($) ¢S _Lower Limit . (8) Upper Limit-.
Ogden, Bakersfield 120* 3.88 INFINITE UNBOUNDED. 4,00 Ogden-Bakersfield
Billings Bakersfield 340% -1.06- -1.07" Oklahoma-Denver - -.71. Billings-Bakersfield
Oklahoma €ity Bakersfield  1263* 1.59 - 1.24 Ogden~Phoenix 1.60 Oklahoma~Denver¥
Oklahoma City Pheenix 247% 1.28 INFINITE- UNBOUNDED o 1.33 Jackson-Phoenix*
Billings Denver 319 -1.84 =-2.18 Cheyenne-Bakersfield® -1.83- Oklahoma-Denver¥
Cheyenne: Denver 289 1.72 INFINITE UNBOUNDED 1.96 . Cheyenne: UNUSE
Pierre ¢ .Omaha 138 .61 .61 Pierre-St. -Paul¥®. .65  Plerre-Denver
Oklahoma City Omaha 837 . .67 W15 Pierre-Denver* ‘ .68  Oklahoma-Omaha®
Jackson . Omaha 17*%  6.22. 6.13 Oklahoma-Des Moines* 6.24 Thomasville-Omaha*
Pierre St. Paul: 610 .62  INFINITE  UNBOUNDED .62 Pierre-St. Paul*
Jackson Des Moines 1491 6.2  6.19 Thomasville-Omaha® 6.21-  Jackson-Des Mcoines®
Louisville Des Moines 440 9.90 . 8.92 Roanoke ~ UNUSE 9.99 Louisville-Indianapolis
Thomasville Des Moines 513 6.55. INFINITE UNBOUNDED 6.61 Thomasville UNUSE
Roanoke. Des Moines 192 8.43. 8.34 Louisville~Indianapolis 8.48  Roanoke-Phoenix*
Roanoke . Indianapolis 253 7.70 7.65 Roanoke-Phoenix* 7.78 Louisville-Indianapolis

*Railroad shipments. .
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TABLE XXII

TRANSPORTATION TABLEAU FOR OPTIMUM SOLUTION
FOR ESTIMATED 1965 QUANTITIES

82

Origins Feeder
(Surplus ‘Destinations (Deficit Regions) Dummy Cattle
Regions) 2 4 7 9 11 12 .14 Demand (1,000 Head)
l 119 L I ] LA ) . . ¢ 0 l.‘. LI ) 119
3 120 LN B LI I . L] L] L 3 120
5 340 LI N 2 319 L 2 ] LI L3N L L B 659
6 LI I ] LN BN 289 L B ] LI I ] LI LI I LN BN ) 289
8 LI I ] LI 2 LI B 138 610 LI I LI N J .o 748
10 1144 247 ., 854 oo 1020 ... - 2,347
13 » 0 L3N ] . .' . L3 I ] L3N ] .. 1508 LI I . 1’508
15 . . vos AN o 706 ... N 706
16 LI B ) . . LI 2 ] . . L] 128 LI I 385 513
17 [ W ] LI I L] ._ L] LN I ] LI B ] ) 192 253 LI ) 445
18 LI ] LI I ] LI I LI B LA ] L2 I L B 4 4
Dummy
Supply
Feeder
Cattle
(1,000
Head) 1723 247 608 992 610 2636 253 389 7,458
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transportation type:tableau.- To-determine the supply of each origin,
merely sum across the columns for a particular row. : The total supply
- from each origin is'given in the right~hand column of the table. The:
demand for each destination is.found by summing down the rows for a
“particular column. The total demand of the deficit feeder cattle
regions is given in the bottom row of the table, If the bottom row
and the right-hand column are each summed, the totals should be equal,
Therefore, the condition exists that total demand equals total supply.
The shadow prices which are associated with the optimum solutions
-are useful for defining which supply regions are very close to entering
the least cost solutions. The cost analyses indicated the cost ranges
over which the activities in the optimum solution could vary, but do.
- not  tell how competitive alternative shipping routes are with respect
to the ones appearing in the optimum solution. Therefore, the shadow
prices are included in Appendix G for the reader's appraiéal.
This chapter has analyzed'the feeder cattle situation for 1965.
In Chapter III, a projection was made for 1970 demand and supply quanti-
ties. 1In Chapter V the analysis of the results for 1970 will be dis-

cussed.



CHAPTER V

ANALYSIS OF RESULTS FOR 1970

Because»the~rate"of'increase in the demand for feeder cattle has
been greater than'the rate'at’which*supplyihas increased, demand-
projected.for 1970”egceeds‘the“projected’supply. Demand’énd'supply‘
could be forced into equality either by adjusting demand downward or-
by adjusting-supply 'upward. . The reasoning underlying such an assump-
tion would be that no more cattle could be fed than were supplied.
However, equayipgidemand and*sgpplyvby this means to a degree predeter-
mines the results and,doéé"not‘adequately show which regions have the
greatest ‘competitive strength for purchasing or supplying feeder cattle.

An alternative manner ofwhandling“thé problem of demand exceeding
supply and the one selected for use in this study is to assume that
each region will continue dits present trend in demand until 1970, with-
no adjustment forcing total demand to equal total supply. This assump-
tion allows the most profitable demand or feeding areas to use all
available,suppliestof'feedérjcattle“first.A A dummy supply activity is
placed in the model in order to equate totai demand with total supply. -
Since thé”model‘requires'that'all:demand must be satisfied, the dummy
supply is needed to satisfy the demand in th less competitve regions. A
high cost is associated with the use of'thé'dummy supply in order to

show -that-the region which uses it must endure abnormal costs to main--
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tain their projected feeding rate. ~The high-cost demand areas will be
forced either to scale down their feedingjactivityior increase local

production in-order to meet ‘their needs..
- The Model :Solutions

Models I, ‘IT, III, and IV all gave identical geographical optimum.
patterns of distribution of feeder*cattle ﬁiEhout regard to truck- rates,
except the'shiftLfromfpredominantly'rail—tOftruck transportation when .
the truck rate decreased from $.60 to $.46 per load mile, as was observed.
with ‘the 1965 quantities. This indicates a stable pattern of distribu-.
tion over-a substantial ‘change in truck rates (see Tables XXIII and XXIV
and Figures '15 and 16). L

The reSu1£SHbf‘the'optimum solution for ‘the 1970 projection are
‘given in Table-XXIII and the geographical directional distribution is
ghown in Figure 15. Bakersfield (Califqrpié) and Phoenix (Arizona and
New Mexico) are found to be the least profitable to supply with feeder -
cattle by 1970. 1In fact, Bakersfield shows that it must get three-
fourths of its inshipments from the high-cost dummy variable and Phoénix
receives forty percent of its supply from the dummy activity. Oklahoma- .
Texas no longer finds it profitable-to ship feeder cattle to California.
However, California, Arizona and New Mexico do have access to a feeder.
cattle supply not considered in the model - from Mexico.

The Northwest ‘and:Ogden will ship all available surplus supply into
California while Billings ships to California what is-left over after
Colorado”requiremenES'a:ewsatisfied;"OklaﬂomawCity supplies :Phoenix
with limited quantities ‘of ‘feeder cattle, but-only after exhausting its.

market opportunities in the Omaha region. 'Denver receives all of its



~ TABLE XXIII

86

OPTIMUM SHIPMENTS OF FEEDER-:CATTLE FROM SUPPLY TO -DEMAND

-+ REGTONS USING ESTIMATED COSTS OF MODEL I, II,

ITI, ‘AND IV WITH TRUCK RATE ‘OF $.60 PER

. MILE, 1970
Qﬁanﬁity Percent of
- -Shipped Percent of Percent of Supplying -

From- To - (1000 Regional Total Region's.
Qggand" ‘Region"  ‘?Head)j -~ "Demand _Demand - Supply-

 Dummy Supply ~ Bakersfield 1693 74.9 17.6 A
Spokane Bakersfield  113%* 5.0 1.2 100.0
Ogden ‘Bakersfield 161%* 7.1 1.7 100.0
Billings “‘Bakersfield 293% 13.0 3.0 37.0
Dummy’ Supply: ~ ~Phoenix 211 39.3: 2,2 NA
Oklahoma .City -~ Phoenix. -  326% 60.7 3.4 17.3"
Billings - ‘Denver - 498% 57.8 5.2 63.0
Cheyenne. Denver 363 42.2 3.8 100.0
Pierre ‘Omaha - 153 7.2 1.6 20.1
Oklahoma City: '~ Omaha 1 1553% 73.5 16,2 82,7

 Jackson Omaha- 407% 19.3 4.2 23.1
Pierre St. Paul 610% 89.2 6.3 79.9
Harrisburg © St. Paul 74% 10.8 .8 100.0
Jackson Des Moines 1353% 46.5 14.1 76.9
Louisville -~ Des Moines 926 31.9 9.7 100.0
Thomasville ‘Des Moines  311% 10.7 3.2 100.0
Roanoke -Des Moines 317 10.9 3.3 56.7
Roanoke . ‘Indianapolis 242 100.0 2.5 43.3

*Railroad shipments.
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OPTIMUM SHIPMENTS OF FEEDER CATTLE FROM SUPPLY TO DEMAND

* " 'REGIONS USING ESTIMATED-COSTS OF MODEL ‘I, II,
 III, AND:IV ‘WITH TRUCK RATE OF $.46 PER

- MILE, 1970
‘vdﬁéntity Percent of
Shipped Percent of : Percent of Supplying .

From. To ' (1000 Regional Total Region's
Demand- Region , -Head) _Demand Demand . . Supply
Dummy Supply -  Bakersfield 1693 74.9 17.6 NA
Spokane Bakersfield . 113% 5.0 1.2 100.0
Ogden ‘Bakersfield 161% 7.1 1.7 100.0
Billings ‘Bakersfield 293% 13.0 3.0 37.0
Dummy Supply ~Phoenix 211~ 39.3 2.2 NA
Oklahoma City Phoenix  326% 60.7 3.4 17.3
Billings ,M;Lﬁenver 498 57.8 5.2 63.0
Cheyenne ‘Denver 363 42,2 3.8 100.0
Pierre Omaha 153 7.2 1.6 20,1
Oklahoma City Omaha 1553 73.5 16,2 82.7
Jackson Omaha 407% 19.3 4,2‘ 23.1
Pierre - St. Paul 610 89.2 6.3 79.9
Harrisburg. St. Paul 74 10.8 .8 100.0
Jackson Des Moines 1353 46.5 14.1 76.9
Louisville Des Moines . 926 31.9 9.7 100.0
Thomasville . Des Moines 311 10.7 3.2 100.0
Roanoke Des Moines 317 10.9 3.3 56.7
Roanoke Indianapolis 242 100.0 2,5 43.3 -

%Railroad shipments.
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supply -from:Wyoming and-Montana. - Oklahoma City supplies about three-
fourths of :Omaha's  demand-for more than two million feeder cattle.
Omaha receives—its ‘remaining inshipments from Pierre and Jackson. St.
Paul still receives. the majority of its supply from Pierre but Harris- -
burg ships all of its available supply to St. Paul., The Corn-Belt
regions of Des Moines and Indianapolis recelve their entire supply of
inshipmeﬁts 6f'féédér‘cattle from Jackson, Louisville, Thomasville, and
Roanoke.

The potential total supply for 1970 is expected to increase about
fifteen percent over that of 1965. However, the total demand is ex-
pected to increase by about twenty-eight percent over the same five~
year period. Not all regions are expected to show parallel demand and
- supply shifts with the totals. Some regions will continue to increase
but decrease in relative standings with the other regions. Other
regions will actually decrease in their demand or supply potential. The
expected relative shifts in'regional supply and demand are shown in

Table XXV.
Cost Analysis of Models for 1970

When the Model III ‘and Model IV optimum solutions for the projected
1970 quantities are examined in'a similar manner as discussed for 1965
in Chapter IV, ‘an interpretation of the cost ranges show that when demand
exceeds supply, the intervals over which the optimum solution remains
unchanged tend to be:somewhat smaller than when supply exceeds the
“demand., The 1970 Model IIT and IV optimum solution analyses are given

in Tables XXVI; XXVII, XXVIII, and XXIX.
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TABLE XXV

REGIONAL PERCENT’OF TOTAL -DEMAND AND
SUPPLY, 1965 - 1970

1965

Region Percent Peizzgt Net Percent Change.
Bakersfield - 24,4 23.5 -.9
Phoenix 3.5 5.6 2.1
Denﬁer, 8.6 9.0 o4
Omaha 14.0 22,0 8.0
St. Paul. 8.6 7.1 -1.5
Des Moines 37.3 . 30.3 -7.0
Indianapolis 3.6 2.5 -1.1
Supply
Spokane . 1.6 1.5 -.1
Ogden- 1.6 ! 2.1 .5
Billings 8.8 10.3 1.5
Cheyenne 3.9 4.7 .8
. Pierre 10,0 9.9 -1
Oklahoma City 31.5 24,4 =7.1
" Jackson 20.2 22,8 2.6
Louisville 9.4 12.0 2.6
Thomasville 6.9 4.0 =2,9
Roanoke 6.0 7.3 1.3
Harrisburg .1 1.0 9




TABLE XXVI-

COST ANALYSIS OF MODEL IIT OPTIMUM SOLUTION WITH TRUCK RATE
'OF -$.60 PER MILE, 1970

Quantity fer-

Trans—

) Cost Ran§e~0ver:Which Optimum Solution  Remains Unchaqged,

UNBOUNDED

Shipped Cost/. Lower Upper - s

(1,000 ewt. Limit Incoming Vector at Limit Incoming Vector at:
Origin. Destination- . head) ($)- (S) Lower -Limit (8) Upper Limit:
Dummy Supply- Bakersfield- 693 9999.00 9998.95 Billings=Omaha* 9999.00 Dummy-Bakersfield*
Spokane - Bakersfield--. 113% - - 13,04 INFINITE- ' UNBOUNDED 13.52. Spokane-Phoenix*
Ogden Bakersfield~- 161% - 3,89-INFINITE - -UNBOUNDED - 4,24 Ogden-Phoenix
Billings Bakersfield" 293% -1.06 -1.22°  Oklahoma-Denver#* =1.02 Billings~Omaha#*
Dunmy - Supply Phoenix 211 . 9999.00-9998.84 Oklahoma-Denver* - » 9999.00 Dummy-Phoenix*
Oklahoma- City Phoenix 326% 1.28 - 1.24 Billings-Omaha%* 1.34 Jackson-Phoenix*
"Billings - Deaver - 498% -1.68 - -2.00 - Cheyenne-Phoenix* -1.59 Billings-Denver
Cheyenne- Denver 363 1.77 INFINITE = UNBOUNDED - . 1.96 Cheyenne UNUSE
Pierre. -- Omaha 153% .73 .68 ‘Billings-St: Paul® .73 Pierre-Omaha
Oklahoma  City Omaha. - I553% .68 .62 Jackson=-Phoenix* «72 - Billings-Omaha*
Jackson - Omaha 407% 6.22 6.17 Harrisburg-Des Moines®* 6.24 Thomasville-Omaha*
Pierre St. Paul 610% 74 .74 " Pierre—Omaha .79 . Pierre UNUSE:
Harrisburg = " St. Paul 74% 10.90 INFINITE UNBOUNDED 10.94 Harrisburg-Des Moines*
Jackson Des Moinmes 1353# 6.21 6.19  Thomasville-Omaha* 6.26 Harrisburg-Des Moines*
Louisville . Des Moinmes 926 10.15 INFINITE  UNBOUNDED - 10.26 Louisville-Indianapolis
Thomasville Des Moines 311% 6.61 INFINITE UNBOUNDED 6.63 Thomasyille-Omaha*
Roanoke Des Moines 317 8.85 8.80 Harrisburg-Indianapolis 8.95 Roanoke-St. Paul
Roanoke Indianapolis . 242 7.89 INFINITE 7.94 Harrisburg-Indianapolis

*Railroad shipments
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TABLE XXVIL

COST ANALYSIS OF MODEL IIT OPTIMUM SOLUTION WITH TRUCK RATE -
OF $.46 PER MILE, 1970

Trans—

‘Quantity fer

Cost Range Over Which Optimum Solution Remains Unchanged

Roanoke

Indianapolis-

7.70

7.65

.- Shipped: Cost/" Lower - ‘Upper ..

- s (1,000 cwt. Limit- Incoming Vector at Limit Incoming Vector at
Origin- Destination~--head) - - ($) - (8§} ~. Lower:Limit: (%) Upper Limit
"Dummy -Sapply - Bakersfield-- l693"*999§,0@ 9998.95 Ogden-Phoenix 9999.00 Dummy-Bakersfield®
Spokane :-* - -Bakersfield-- ~ 113% - 13:04 INFINITE UNBOUNDED 13.28 Spokane-Bakersfield
Ogden -~ Bakersfield - - 161% -- -3788 - INFINITE - - UNBOUNDED 3.93. Ogden-Phoenix
Billings. .~~~ Bakersfield = ~293% ~--1.06 = -1.37 - Oklahoma-Penver* -1.00. Billings-Omaha#*
Dummy - Supply - Phoenix - 211+ -9999:00-9998.69 - - - - Oklahoma=Bakersfield* - 9999.00 Dummy-Phoenix®

" Oklahoma- City Phoenix—- - - '326% - 1,28 - 1.23 Billings=Omaha¥* 1.33 - Jackson-Phoenix
Billings - - Denver-~- 498 - ~1.84 - -2.00 Cheyenne-Phoenix* -1.68 Billings-Denver*
‘Cheyenne " -~ -Denver.~~ 363 1.72. INFINITE: -~ UNBOUNDED - 1.96 - Cheyenne-UNUSE"

"~ Pierre : Omaha“ - 153 .61 .61 Pierre=St. Paul* .65 Harrisburg-Indianapolis
Oklahoma City Omaha:- - 1553 .67 .62 Jackson~Phoenix* .68 Oklahoma-Omaha#*
"Jackson. "Omaha - - 407% 6.22 6.18 Harrisburg-Indianapolis- 6.24 Thomasville-Omaha#*
Pierre St. Paul 610 .62 .58 Harrisburg=Indianapolis .62 Pierre-St. Paul*
Harrisburg- St. Paul 74 10.59 INFINITE UNBOUNDED 10.63  Harrisburg-Indianapolis.
Jackson - Des Moines -~ 1353 6.21 6.19 Thomasville-Omaha#® 6.21  Jackson-Des Moines*
Louisville - Des Moines' - 926 9.90 INFINITE UNBOUNDED- 9.99 Louisville-Indianapolis
Thomasville Des ‘Moines - 311 6.55 INRFINITE UNBOUNDED 6.61 Thomasville-UNUSE
Roanoke - Des Moines 317 - - 8.43 8.39 Harrisburg-Indianapolis 8.48 Roanoke-Phoenix#*

242 Roanoke-~Phoenix* ' 7:74 Harrisburg-Indianapolis

*Railroad- shipments

€6



TABLE XXVIII

COST ANALYSIS OF MODEL‘ IV OPTIMUM SOLUTION WITH TRUGK RATE
OF $.60 PER MILE, 1970

Trans~—

Quantity fer Cost: Range-Over Which Optimum.Solution . Remains -Unchanged
®w  Shipped Cost/ TLower - " Upper o ' '
7 (1000 cwt. Limit Incoming Vector at Limit Incoming Vector at
Origin. = Destination - head) - (8) - = ($) _._Lower Limit . . (8) __Upper Limit:
Dummy Supply ~Bakersfield- 1693 .9999.00 9998.95 - Billings-Omaha%* 9999.00 - Dummy-Bakersfield*
Spokane Bakersfield -~ 113% - 1,38 INFINITE - UNBOUNDED 1.86 Spokane-Phoenix#*
Ogden *- ' Bakersfield 161*% - - 97 INFINITE - UNBOUNDED 1.33 Ogden-Phoenix-
Billings - Bakersfield - 293% -+ 1,59 1.44 Oklahoma-Denver¥® 1.64  Billings-Omaha®
Dummy’ Supply-- Phoenix - - 211::9999.00 9998.84 - Oklahoma—-Denver#® 9999.00 Dummy-Phoenix#*
Oklahoma City-Phoenix - .- 326% 1.28 1.26 Roanoke-Omaha#* 1.34  Jackson-Phoenix#*
Billings -  ~Denver - 498% <97 . .65 Cheyenne-Phoenix* 1.06- Billings-Denver
Cheyennne:- Denver -~ 363. - .19 INFINITE UNBOUNDED .38 Cheyenne~UNUSE
Pierre Omaha - 153% .67 .62 Billings-St. Paul* .72 Pierre-Omaha
Oklahoma City Omaha - - 1553* .68 .62 Jackson-Phoenix#* .71 - Roanoke-Omaha*
Jackson © Omaha. - 407% - 1.17 1.12 Harrisburg-Des Moines#* 1.19 Thpmasville-Omaha%*
‘Pierre - -St, Paul 610% .68 .63 Harrisburg-Des Moines#* +73 Pierre-St. Paul
Harrisburg .~ St. Paul. 74%: 1.80 INFINITIE UNBOUNDED 1.86 Harrisburg-Des Moines*
Jackson Des Moines '~~~ 1353*% - 1,16 1.14 Thomasville=Omaha* 1.21 Harrisburg-Des Moines
Lousiville - ~~Des Moines -~ 926 - 1,06° INFINITE UNBOUNDED 1.17 Lousiville-Indianapolis
Thomasville . -Des-Moines: - 311% - ~1.56-INFINITE - UNBOUNDED 1.58 Thomasville—-Omaha*
Roanoke - * Des~Moines -~ 317 - 1.79 - 1l.74~ Harrisburg~Indianapolis 1.89 Roanoke-St. Paul
Roanoke --* -Indianapolis' 242 --- - .83 INFINITE UNBOINDED .88  Harrisburg-Indianapolis

*Railroad shipments:
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TABLE XXIX

COST  ANALYSIS OF MODEL IV- OPTIMUM SOLUTION WITH TRUCK RATE
OF $.46 PER MILE, 1970

Trans-

Quantity fer Cost Range-Over: Which- Optimum Solution Remains Unchanged

Shipped Cost/ Lower : ~ Upper '

(1000 cwt, Limit Incoming Vector at Limit Incoming Vector at
Origin Destination = head) ($) ($) Lower Limit (%) Upper Limit~
‘Dummy Supply Bakersfield 1693 9999.00 9998.95 Ogden-Phoenix 9999.00 Dummy-~Bakersfield#*
Spokane Bakersfield 113% 1.38 INFINITE UNBOUNDED 1.62 Spokane-Bakersfield
Ogden Bakersfield 161% "~ .97 INFINITE UNBOUNDED 1.02 Ogden-Phoenix
Billings. -~ Bakersfield 293% 1.59 1.28 Oklahoma—-Denver * 1.65 Billings—Omaha*
Dummy Supply Phoenix 211 9999.00-9998.69 Oklahoma-Bakersfield* 9999.00 Dummy-Phoenix#*
Oklahoma City Phoenix 326% 1.28 1.28 Billings=Omaha%* 1.33 Jackson-Phoenix#*
Billings - Denver - 498 .81 .65 Cheyenne-~Phoenix* .97 Billings-Denver#*
Cheyenne ‘Denver - 363 .14 INFINITE UNBOUNDED .38 Cheyenne -UNUSE
Pierre Omaha 153 .55 .55 Pierre-St: Paul%® .59 Harrisburg-Indianapolis
Oklahoma City Omaha. 1553 - .67 .62 Jackson-Phoenix* .68 Oklahoma-Omaha*
Jackson “ Omaha 407% 1.17 1.13 Harrisburg—Indianapolis- 1.19 Thomasville=Omaha*
Pierre “St. Paul 610 .56 .52 "Harrisburg-Indianapolis- .56 Pierre-St. Paul*
Harrisburg St. Paul 74 1.50  INFINITE UNBOUNDED 1.54 Harrisburg-Indianapolis
Jackson - Des: Moines 1353 1.16 1.14 Thomasville-Omaha 1.16 Jackson-Des Moines*
Louisville Des Moines 926 .81 INFINITE UNBOUNDED .90 Louisville-Indianapolis
Thomasville - Des Moines 311 1.50 INFINITE UNBOUNDED 1.56 Thomasvillle UNUSE
Roanoke " Des Moines 317 1.37 1.33 Harrisburg-Indianapolis 1.42 Roanoke-Phoenix*
Roanoke - Indianapolis 242 .64 .59 Roanoke-Phoenix* .68 Harrisburg-Indianapolis

*Railroad shipments

<6



Table XXX illustrates the optimum shipments of Model III and IV
for 1970 quantities in the  general -transportation type tableau which

'was:previously*explained“for’the'l965'resultS'iq"Chapter Iv.
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TABLE XXX

TRANSPORTATION TABLEAU FOR OPTIMUM SOLUTION
FOR ESTIMATED 1970 QUANTITIES

Origins Destinations (Deficit Regions) Feeder.
(Surplus Dummy Cattle
Regions) 2 4 7 9 11 12 14 Demand (1000 head)
1 113 113
3 161 161
5 293- 498 791
6 363 363
8 153 610 7¢€3
10 326 1553 . 1879
i3 407 1353 1760
15 926 926
16 311 311
17 317 242 559
18 74 74
Dummy '
Supply 1693 211 1904
Feeder
Cattle. :
(1000 ‘
2260 537 861 2113 684 2907 242 0 9604

head)




CHAPTER VI
SUMMARY AND CONCLUSIONS
Summary of Data

This study has analyzed the feeder cattle industry in the United
States for purposes of estimating the optimum patterns of feeder cattle
distribution.. The locations:of.basic breeding herds were taken as pre-
determined but consideration was given to changes in the relative im-
portance of .regional contributions to total feeder cattle supplies over.
time. Available data showed that»when.the United States was divided
into eighteen regions, aggregation of available supply and demand in.
each region resulted in eleven surplus regions.(supply.areas) and seven
defieit regions.(demand aéeas).

The»primary,motor‘truék unit used for this study was the tractor
semi-trailer combinatipna More specifically, a tractor with diesel
power and the fortyfﬂéot possum~belly semi-trailer is considered tg be
the lowest cost motog truck unit for long hauls fér feeder cattle.

This unit hés the desirable qualities of maximum floor space for the
trailer length, keepéuﬁhe truck length within the legal limit in agll
states and makes it.easier to-get the maximum load weight than the

straight trailer of the same'lengthel The possum-belly cattle trailerfs

lSee Appendix E for state length and weight regulations for motor
trucks.
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use is wide-spread in the Oklahoma area and most of the cattle haulers
interviewed indicated that they needed possium-belly trailers to compete
for the feeder cattle business on long hauls.

Although a specific study on backhauls was not.made for this
problem, their importance  is considered to be'a prominent factor in
present .competitive conditions in the transportation of feeder cattle.
The firms with the larger volume and scope of business- operations
definitely appear. to-have:some advantage over small operators in the-
struggle for the available backhauls: (1) the large firm has regular
contacts at many points-of-destination to increase its chances of
backhauls, 'and (2) the people providing backhauls often give first
choice to regular, dependable haulers rather than those who provide
these services at infrequent and irregular intervals. Backhauls
were available to the surveyed truckers about one third of .the time.
This was reflected by an.appropriate adjustment in the hauling rate:

Feedlot ‘production of-fed beef has increased rapidly, especially
during the.period from 1960-1965.: The feedlot demand for feeder
cattle increased faster-than-the supply of feeder cattle over this
period. It is expected that by 1970 the demand for feeder-cattle.
will exceed the supply:- In-other words, wvirtually all steer and heifer
beef will pass through at least some short period of time in.a feedlot
operation.

At first glance, the railroads appear to have:a comparative advan-
tage over motor truck transportation of feeder cattle. If an optimum

solution were obtained considering only straight one-way hauls, the
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cattle industry could move closer to a least—cost marketing pattern by
shipping less by truck and more by railroad.

Perhaps the best explanation for the greater use of motor truck
transportation for feeder cattle marketing is the impact of the recent
dispersion of the feeding industry and packing plants. Twenty years ago,
most cattle feeding was done in the North Central states, and feeder
cattle were shipped from the South, West, and North into that area.
Today, cattle feeding is widespread throughout the Western half.-of the
United States. Packing plants are being constructed nearer these sources
of supply. These new facilities tend to.be more efficient than older
facilities in the traditional feeding areas.2 It has often been conceded
that railroads have an advantage for hauls more than 700 to 750 miles in
length, but today most.hauls to feedlots or feeding areas from supply
regions are within this mileage: range. With generally better highways
in all states, the motor truck takes much of the cattle hauling from the
rallroads. Truck hauling of feeder cattle has the advancages of con-
venience at the ranch . sites, flexibility of schedule, faster service,
and generally lower rates on short hauls. Railroads have advantages in

rates on long hauls, grazing privileges, and market testing privileges.
Summary of Results

The optimum distributions of Models I, II, III, and IV depicted
patterns that were very.similar for both the truck rate of $.60 and $.46

per mile. Since the quantity transported and the transportation charges.

230hn W: Goodwin, Cattle Feeding - An Analysis of Oklahoma's
Opportunities, Processed.Series P-488, Oklahoma Agricultural Experiment
Station (Stillwater, 1965), pp. 28-31.
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were included in all four models, and sincé-the optimum patterns were
essentiaily the same for all models, the overwhelming factors for deter-
mining optimum patterns of feeder cattle distribution are the weight of
the shipment and the distance between the supply region and alternative
demand areas. In general, variables such as production-costs and price
differentials did not alter the pattern, For 1965, the optimum pattern
for feeder cattle shipments is gemerally as follows: The Pacific North-
west, Utah, and Nevada will ship all of their export supply of feeder
cattle into California feedlots. If feeder cattlé were in fact homo-
geneous among regioms, the Montana area should ship its feeder cattle
by railroad into California and by truck into Colorado, but because of
quality differences, this area in fact ships most of its cattle inte

the Nebraska and Iowa areas. The Southern Plains region was the

largest supplier of feeder cattle and would be expected to ship fifty
percent of its exports of feeder cattle into California, ten percent
into the Arizona-New Mexico regiom, thirty<six percent into the Kansas-
Nebraska area, and about four percent inte the Western Corn-Belt

region.

However, according to the study by Abel and Capener3, more - than
half of the Southern Plains’ outshipments of feeder cattle moved into
California, Arizona, and Golorado., More than thirty percent of Texas'
Outshipments were shipped into Galifornia, but the remaining portion
of the Southern Plains'’ outshipments moved North and Northeast inte

Kansas, Nebraska, Iowa, and Illinois.

3pbel and Capener, pp. 6-16.
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Both the Model selutions.and actual data show that the Dakotas ship
feeder cattle into ﬁinnesota, Nebraska and the Western Corn-Belt regions.
Colorado should be supplied by Montana.and Wyoming. It appears however,
that Colorado receives. about sixty percent of its inshipments from Texas,
New Mexico, and Oklahoma. For the most part, the South Central and Sowi:-
eastern regions should ship feeder cattle into.the Western Corn-Belt
feedlots while the Mid-Atlantic and Appalachian regions.should ship inte
the Eastern Corn+Belt feedlots. Under the 1965 conditions when supply
exceeded demand, the small supply of fegder cattle in the Northeast did

not have a feasible market.
Conclusions.

The mainfdifference in the 1970 optimum.pattern of distribution from
the 1965 optimum pattern is that shipments from the Oklahoma-Texas area
into California would be expected to virtually cease. However, estimated
shipments from the Oklahoma-Texas region into the Kansas-Nebraska area
would nearly double. Arizona and California may experience disadvantages
in obtaining feeder cattle by 1970, The importance of the feeder cattle
supply -from the South Central and Southeastern states will become increzs-
ingly important to the Corn-Belt regions by 1970. With the abundant
supply 6f local feeder cattle, large efficient feedlot operations; ade-
quate feed grain supplies, and excellent nearby markets for both excess
feeder,cattie and fed beef, the Texas-Oklahoma region occupies a very
prominant :position in the beef sector of our eocnomy both in 1965 and
1970.

The growth of the cattle feeding industry in.the Southwestern states

during the last five years tends to coincide with the results of this
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study. According to studies made by Goodwin and Uvacek?, Oklahoma and
Texas have increased their cattle feeding capabilities tremendously from
1960 to 1965, and are expected to continue to increase even more rapidly
in the near future. The large supply of good. feeder catitle, which were
once ‘available from the Texas-Oklahoma region for shipment into the Corn-
Belt and. California regions, will be greatly reduced as local feeding in-
creases within the Texas~Oklahoma region. The Southern Plains are in an
excellent location to utilize the large supplies of feed grains necessary

for feeding locally produced cattle.
Implicatiens

The results of this study show that without backhauls the motor
truck carriers are hard .pressed to compete:with the railroads for the
transportation of feeder cattle in interstate or interregional transfer.
Since the cost of transportation was the major consideration for marketing
costs, feeder cattle producers should ship cattle by railrcad if loading
facilities are nearby and if the motor truck rate is near.the sixty-cent
per load mile rate. The results also showed that under the present.
gtructure of railroad rates, motor trucks could very effectively compete.
with the railroad when the truckers were able to get backhauls one third
of the time. If the truckers could get backhauls one third of the time,
then they could charge a rate of $.46 per load mile and would_be‘the

cheapest source of transportation for feeder cattle on all hauls except

4Goodwin, Cattle Feeding - An Analysis of Oklshoma'’s Opportunities,
pp. 14-36.

5Edward Uvacek, Jr., Economic Trends of Texas Cattle Feeding
(College Station:. Texas Agricultural Experiment Station Bulletin B-1055,
1966), pp. 8-28.
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the very long.ones into.California. The forty-foot possum belly trailer
was the specific unit used for this study because it appearskto be the
most efficient type of livestock trailer for interstate transpoxt of.
feeder cattle that stays within the legal length and_weight_régulationS'

of all states.
Limitations

It must be kept in mind that the results of this study.are estimates.
of the expected patterns of distribution which would optimize the returns
for feeder cattle producers. The entire study has been based upon the
condition that the railroad rates-are held constant at their.present
levels. In other words, the exempt.private carriers of agricultural
commodities can be much more flexible with the rates they charge than the
railroads. -

Although the four theoretical models used in this study obtain
feasible solutions quickly with the aid of the high speed computer, they
are limited to the numerical data which are available. One cbvious limi-
tation is the inability to handle quality differences of feeder cattle
between regions. - Another restriction on the models is that information
was available only on a state by state basis.. In other words, feeder
cattle producing regions or feeding regions which cross over state bound-
aries cannot be aggregated because of the lack of this type of data.

Data for the demand of . feeder cattle as it existed in 1965 were not.
available before 1960; consequently, the short span of years of observa-
tion from 1960 to 1965 limits the degree of confidence about any leng term
projection. Therefore, a five-year projection to 1970 was considered to

be adequate to give an indication of what directions of movement can be-



105

expected for the next few years. However, it should be pointed out that
the magnitudes of changes may be either overstated or understated. The

predicted results would be uncertain over very long periods of time.
Need for Further Study

There is need for additional study about the existing and expected
possibilities for backhauls for interstate truck livestock haulers. More
information is needed on the seasonality of backhauls by region, organi-
zation of market information concerning existing possibilities for
truckers, and what modifications can be made to livestock, K trailers to
make ‘them more flexible to.a wider range of backhaul cargo.

Another area for further study is that concerned with the losses
from shrinkage enroute by truck and rail. There is some evidence. that
ranchers shipping cattle consider the time in transient and method of
transportation more important -than small differences in cost by truck
or rail. The results of the models show that through the middle of the
country, the cost ranges over which the transportation rate may vary
are very small. Therefore, the variation of shrinkage and loss through
shipping could be a very decisive factor in determining optimum patterns
of distribution for feeder cattle. |

Because the Southern.Plains region is expected to continue to ex-
pand its cattle feeding activities substantially within the near future,
a third area for further study is that concerned.with the feeding and
slaughtering cost variables for beef cattle. A study of this type would
be an expansion of the study on optimum patterns of feeder cattle dis-
tribution. Feeding and slaughtering cost variables could be considered

as modified storage and processing activites which could be adapted to
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theoretical models of the type used by Martin@ in his-study of the-
DELMARVA Poultry Industry, Leath and Martin in.their transhipment problem

model7, and Hurt and Trame18, also with the transhipment problem model.

6James E. Martin, The Effects of Changes in Transportation Rates on
the DELMARVA Poultry Industry, Miscellaneous Publication No. 515, Mary-
land Agricultural Experiment Station (College Park, 1964).

7Mack‘N. Leath and James E. Martin, "The Transhipment Problem with
Inequality Restraints," Journal of Farm Economics, Vol. 48, No. 4, Part:
I, (November, 1966), pp. 894-908.

8Verner G. Hurt and Thomas.E. Tramel, "Alternative Formulations of
the Transhipment Problem'", Journal of Farm Economics, Vol. 47 (August,
1965), pp. 763-773.
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APPENDIX A

RATILROAD RATES BETWEEN POINTS PER HUNDREDWEIGHT:
OF FEEDER CATTLE

-

. Destination
Origin Bakersfield Phoenix Denver. Omaha St. Paul. Des Moines Indianapolis
Spokane - - 1.38 1.86 1.40 1.63 1.52 1.74 2.32
Ogden .92 1.05 .70 1.24 . 1.9?' 1.48 2.21
Billings v 1.59 1.75 .97 1.03 1.04 1.24 1.92
Cheyenne ‘ . 1.50 1.32 .38 .78 1.12 .92 1.62-
Pierre 2,21 1.63. .84 .67 .68 .76 1.44
Oklahoma City 1.59 1.28 .82 .68 .88 T4 1.20.
Jackson 2.20 1.83" 1.34 1.17 1,26 1.16 1.46
Louisville 2.61 2.28 1.73 1.54 1.64 1.45 1.46
Thamasville 2:74 2.37 1.80 1.59 1.70 1.56 1.56
Roancke 2,87 2.54 2.34 1.96 2.25 2,00 1.12
Harrisburg: 2.99 2.69 2,22 1.98 1.80 1.84 1,25

Based on.25,000 pounds per carload which is approximately 50 .head of 500-1b. feeders.



APPENDIX B

FORTRAN 'STATEMENTS  TO COMPUTE AND. PUNCH CARDS
FOR LINEAR PROGRAMMING  INPUT

W~y

15

0 DIMENSION X(10,20), CASH(20), PRICE(20), IMKT1(20),
1 IMKT2(20), ISUP1(20), ISUP2(20)

READ(5,1) ((IMKT1(I), IMKT2(I)), I=1,8)

READ(5,1) ((Isupi(1), Isup2(I)), I=1, 11)

READ(5,2) ((X(I,J), J=1,11),I=1,8)

READ(5,5) NAMEL

READ(5,8) (PRICE(J),J=1,11)

READ(5,8) (CASH(J), J=1,11)

FORMAT (12X, 2A3)

FORMAT (16F5.0)

FORMAT (1A10)

FOPMAT (6X,2A3,6H10COST,F12.6)

FORMAT (6X,2A3,2A3,1A10)

FORMAT (10F8.4) .

D015 I=1,8

D015 J=1,11

COST4=,001846*X (I,J)
WRITE(7,6)ISUPI(J),IMKT1(I),COST4
WRITE(7,7)ISUP1(J),IMKT1(I),IMKT1(I), IMKT2(I), NAMEL
WRITE(7,7) ISUP1(J),IMKT1(I),ISUPL(J),ISUP2(J),NAMEL
WRITE(6,6)ISUPL(J),IMKT1(I),COST4
WRITE(6,7)ISUPL(J),IMKT1(I),IMKT1(I),IMKT2(I),NAME]
WRITE,6,7) ISUP1(J),IMKT1(I),ISUP1(J),ISUP2(J),NAMEL
CONTINUE

CALL EXIT

END
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APPENDIX C

PRIVATE MOTOR CARRIERS DEFINED

Section 203(a) (17) of the Interstate Commerce Act defines private

carriers as:

. + . any person not:included in the terms, "common carried
by motor vehicle" or "contract carried by motor vechicle,".
who or which transports in interstate or foreign commerce by
motor,vehicle property of which such.person is-the owner,
lessee, or bailee, when such transportation is for the pur-
pose of sale, lease; rent, or bailment, or in furtherance

of any commercial enterprise. ’

Section 203(c) of the Interstate Commerce Act further defines private
motor carriage as transportation ". . . within the scope, and in fur--
therance; of a primary business enterprise (other than transportation)

1"
. . .

Since only common and contract carriers are subject to economic
regulation by the Interstate Commerce Commission, private motor carriage:
may be conducted without economic regulation by the Commission ?éj Sec.

204(1)(2)).

Section 203(c) of the Interstate Commerce Act also states that the
provisions of Section 203(b) of the Act apply to private motor carriers.

Section 203(b) reads in part:

. « « Nothing in this part, except .the provisions of Section
204 relative to qualifications and maximum hours of -service

of employees .and safety of operation or standards of equipment
shall be construed to include . . . Motor vehicles used in
carrying property consisting of ordinary livestock, fish
(including shell fish), or agricultural (including horticul-
tural) commodities (not including manufactured products
thereof), if such motor vehicles are not used in carrying
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any other property, or passengers, for compensation:
Provided, That the words "property consisting of ordinary
livestock, fish (including shell fish), or agriecultural
(including horticultural) commodities (not including manu--
factured products thereof)" as used herein shall include
property shown as "Exempt" in the '"Commodity List" incor-
porated in ruling numbered 107, March 19, 1958, Bureau of
Motor Carriers, Interstate Commerce Commission, but shall.
not include property shown therein as '"not exempt'':
Provided further, however, That notwithstanding the
preceeding proviso the words ''property consisting of
ordinary livestock, fish (including shell fish), or agri-
cultural (including horticultural) commodities (not in-
cluding manufactured products thereof)" shall not be
deemed to Include frozen fruits, frozen berries, frozen.
vegetables, cocoa beans, coffee beans, tea, bananas, or
hemp, and wool . imported from any foreign country, wool
tops and noil, or wool waste (carded, spun, woven, or.
knitted), and shall be deemed to include.cooked or un-
cooked (including breaded) fish or shell fish when frozen
or. fresh (but not including fish and shell fish which have-
been treated for preserving, such as canned, smoked, pickled,
spiced, corned, or kippered products); . . . :

Sourceﬁ T. Q. Hutchinson, Privéte*Motor Carriers of Exempt Agricul-
tural Commodities (Washington:: . MED, -ERS, USDA, Marketing Research
Report No. 696, 1965), p. 25.




APPENDIX D

THE  AGRICULTURAL EXEMPTION

Exemptioen from Economic Regulation was provided for Motor Carriers

by the Congress under the Motor Carrier portion of the Interstate Com-

merce Act. Part IT Sec. 203(b) 1is of particular interest to Agricul-

ture.

That Section reads in part as follows:

(4a) Motor vehicles controlled and operated by any farmer
when used in the transportation of his agricultural (in-
cluding horticultural) commodities and products thereof,

or in the transportation of supplies to his farm; or

(5) motbr vehicles controlled and operated by a coopera-
tive association as defined in the Agricultural Marketing
Act, approved June 15, 1929, as amended, by a federation

of .such cooperative associations, 1if such federation
possesses no greater powers or purposes than cooperative
associations so defined; or

(6) motor vehicles used in carrying property consisting

of ordinary livestock, fish (including shell -fish), or
agricultural (including horticultural) commodities (not in-
cluding manufactured products thereof), if such motor vehi- -
cles are not used in carrying any other property, or passen-
gers, for compensation: Provided, That the words '"property
consisting of ordinary livestock, fish (including shell
fish), or agricultural (including horticultural) commodities
(not . including manufactured products thereof)" as used here-
in shall include property shown as "Exempt' in the "Commodity
List" incorporated in rluing numbered 107, March 19, 1958,
Bureau of Motor Carriers, Interstate Commerce Commission,

but shall not include property shown therein as '"Not exempt':
Provided further, however, That notwithstanding the preceding
proviso the words '"property consisting of ordinary livestock,
fish  (imcluding shell fish), or agricultural (including horti-
cultural) commodities (not including manufactured products
thereof)'" shall not be deemed to include frozen fruits, fro-
zen berries, frozen vegetables, cocoa beans, coffee beans,
tea, bananas, or hemp, and wool. imported from any foreign
country, wool tops and noils, or wool waste (carded, spun,
woven, or knitted), and shall be deemed to include cooked or
uncooked (including breaded) fish or shell fish when

frozen or fresh (but not including fish and shell fish which
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have been treated for preserving, such as canned, smoked,
pickled, spiced, corned or kippered products); . . g

1The Interstate Commerce Act revised to October 1, 1958, page 124.

Source: Mildred R. DeWolfe, For—-Hire Motor K Carriers Hauling Exempt
Agricultural Commodiites—--Nature and Extent, of Commodities (Washingten:.
MED, ERS, USDA, Marketing Research Report.No. 585, 1963), p. 17.




STATE LAWS RESTRICTING WEIGHTS OF LIVESTOCK TRUCKS

APPENDIX E,

TABLE I

Maximum Gross Weight

Axle Load Limits Tractor and semi-trailer@ Other
State Single Tandem 4-Axleb 5-AxleC Combination

(lbs.)" (1bs.) (1bs.) (1bs.) (1bs.)
Alabama 18,000 36,000 63,000 73,280 73,280
Arizona 18,.000 32,000 59,000 73,000 76,800
Arkansas 18,000 32,000 59,000 73,280 73,280
California 18,000 32,000 73,280 73,280 76,800
Colorado 18,000 36,000 63,000 67,200 75,200
Connecticut. 22,400 36,000 67,400 73,000 73,000
Delaware 20,000 36,000 60,000 73,280 73,280
Florida 20,000 40,000 66,610 66,610 66,610
Georgia 20,340 40,680 63,280 73,280 73,280
Idaho 18,000 32,000 59,000 73,280 76,800
Illinois 18,000 32,000 64,000 73,280 73,280
Indiana 18,000 32,000 59,000 72,000 72,000
Iowa 18,000 32,000 59,000 73,280 73,280
Kansas 18,000 32,000 59,000 73,280 73,280
Kentucky 18,000 32,000 59,640 73,280 73,280
Louisiana: 18,000 32,000 50,000 64,000 68,000
Maine 22,000 36,000 66,300 73,280 73,280
Maryland 22,400 40,000 65,000 73,280 73,280
Massachusetts 22,400 36,000 67,400 73,000 73,000
Michigan 18,000 26,000 59,000 67,000 105,000
Minnesota 18,000 32,000 59,000 73,280 73,280
Mississippi- 18,000 32,000 59,000 73,280 73,280
Missouri 18,000 32,000 59,000 73,280 73,280
Montana 18,000 32,000 59,000 73,280 76,800
Nebraska 18.000 32,000 59,000 70,500 71,146
Nevada 18,000 32,000 59,000 73,280 76,800
New Hampshire 22,400 36,000 66,400 70,000 73,280
New Jersey 22,400 32,000 63,400 73,280 73,280
New Mexico 21,600 34,320 64,920 75,600 86,400
New York 22,400 36,000 67,400 71,000 71,000
North Carolina 18,000 36,000 64,000 70,000 73,280
North Dakota. 18,000 32,000 59,000 73,280 73,280
Ohio 19,000 24,000 59,500 72,000 78,000
Oklahoma 18,000 32,000 59,000 73,280 73,280
Oregon 18,000 32,000 59,000 73,280 76,000
Pennsylvania 22,400 36,000 60,000 71,145 73,280
Rhode Island 22,400 36,000 67,400 73,280 73,280
South Carolina 20,000 32,000 65,000 73,280 73,280
South Dakota 18,000 32,000 59,000 72,110 73,280
Tennessee 18,000 32,000 59,000 73,280 73,280
Texas 18,000 32,000 58,420 72,000 72,000
Utah 18,000 33,000 60,000 76,500 79,900
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Maximum Gross Weight

Axle Load Limits Tractor and semi-trailer@ Other
State. Single Tandem 4-Ax1eD 5-AxleC Combination

(1bs.) (1bs.) (1bs.) (1lbs.) (1bs.)
Vermont 22,400 36,000 60,000 60,000 60,000
Virginia 18,000 32,000 59,000 70,000 70,000
Washington 18,000 32,000 59,000 68,000 72,000
West Virginia 18,000 32,000 59,000 60,800 73,280
Wisconsin 19,500 32,000 67,500 73,000 73,000
Wyoming 18,000 36,000 63,000 72,110 73,950

aTovpermitrcomparison between states, maximum weights for tractor
semi-trailer combinations assumes maximum over all length of 50 feet,
with 44 feet. between extreme axles.

b2—axle'tractor, tandem-axle semi-trailer.

€3-axle tractor, tandem~axle semi-~trailer.

Source: Watch Your Weight!

State Size and Weight Limits for Trucks

and Truck-Trailers, Truck-Trailer Manufacturers Association,.

Inc., 1413 K Street, N. W., Washington, D. C.; 20005, January 1,

1967.



STATE LAWS RESTRICTING SIZES OF LIVESTOCK TRUCKS

APPENDIX E, TABLE II

121

Length
Tractor Truck Tractor
Semi- Full and and semi-

trailer trailer semi- full and full

State Height Wider length length trailer trailer trailer

(ft.—in.) (inches) (feet) (feet) (feet) (feet) (feet)
Alabama 13-6 96 NS NS 55 NP NP
Arizona. 13-6 96 NR NR 65 65 65
Arkansas 13-6 96 NR. NR 55 55 55
California 13-6 96 40 - 40 60 65 65
Colorado: 13+6 96 NR NR 65 65 65
Connecticut 13-6 102 40 40 55 NP NP
Delaware: 13-6 96 40 40 55 60 60
Florida 13-6 96 NR 35 55 55 NP
Georgia 13-6 96 55 55 55 55 55
Idaho 14-0 96 NR NR 60 65 65
Illinois 13-6 96 42 42 55 60 65
Indiana. 13-6 96 NR NR 55 55 65
Iowa 13-6 96 NR NR 55- 55 60
Kansas 13-6 96 42.5 42.5 55 65 65
Kentucky 13-6 96 NR NR 55 65 65
Louisiana 13-6 96 NR NR 60 65 NP
Maine 13-6 96 NR NR 55 55 NP
Maryland 13~6 96 NR . NR 55 55 55
Massachusetts NS 96 NR 33 55 NR NP
Michigan 13-6 96 40 40 55 55 65
Minnesota 13-6 96 NR 40 50 50 NP
Mississippi 13-6 96 NS NS 55 55 NP
Missouri 13~6 96 NR NR 55 55 65
Montana 13-6 96 NR NR 60 60 65
Nebraska 13-6 96 NR 40 60 60 65
Nevada. NR 96 NR NR NR NR NR
New Hampshire 13-6 96 NR NR 55 55 55
New Jersey 13-6 96 NR 35 55 55 55
New Mexico 13-6 96 NR NR 65 65 65
New York 13-6 96 NR 35 55 55 NP
North Caroclina 13-6 96 NR NR 55 55 NP
North -Dakota 13-6 96 NR NR. 60 60 65
Ohio- 13-6 96 40 35 55 60 60
Oklahoma 13-6 96 NR NR 55 55 65
Oregon 13-6 96 40 40 60 65 65
Pennsylvania 13-6 96 40 40 55 55 NP
Rhode Island 13-6 102 NR NR 55 55 NP
South Carolina 13-6 96 NR 35 55 55 NP
South Dakota 13-6 96 NR NR 65 65 65
Tennessee 13-6 96 NR 35 50 50 NP
TexXas 13-6 96 40 40 55 55 65
Utah 14-0 96 45 45 60 65 65
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TABLE II, (CONTINUED)

Length
Tractor Truck Tractor
Semi- Full and and semi-
trailer trailer semi- full and full
State Height Wider length length trailer trailer trailer
(ft.-in.) (inches) (feet) (feet) (feet) (feet) (feet)
Vermont 14-0 96 NR NR 55 55 NP
Virginia 13-6 96 NR NR 55 55 NP
Washington 13-6 96 40 40 60 65 65
West Virginia 13-6 96 NR NR 55 55 NP
Wisconsin 13-6 96 35 35 55 55 NP
Wyoming 13-6 96 NR NR 65 65 65

NR - Not restricted.

NP - Not permitted.

NS — Not specified.

Source: Watch Your Weight! State-Size and Weight Limits for Trucks and

Truck-Trailers, Truck-trailer Manufacturers Association, Inc.,

1413 K Street, N. W., Washington, D. C., 20005, January 1, 1967.



€Tt

APPENDIX F, TABLE T

COST ANALYSIS- OF MDDEL I OPTIMUM SOLUTION WITH TRUCK RATE

OF $. 60 PER MILE,

1965

Trans—a

Quantity fer: Cost Range Over Which Optimum Solution Remains Unchanged

- Shipped - Cost/: Lower - Upper - '

(1000 ewts Limit - Incoming-Vector at Limit~ Incoming Vector at
Origin . Destination-  head) = (§)- $ Lower Limit (3) - Upper Limit
Ogden ‘Bakersfield - 120% - 3.16 - INFINITE - UNBOUNDED 3.61 Ogden-Bakersfield
Billings- " Bakersfield 659% - =,81 INFINITE- - UNBOUNDED ~-.66 Billings—-Denver¥
"Oklahoma City Bakersfield--- 944% - 1.59 - 1l.44 Billings=Denver*: 1.72 Jackson-Bakersfield#*
Oklahoma' City Phoenix- 247% - 1.28 INFINITE UNBOUNDED 1.34 Jackson-Phoenix*
Cheyenne “Denver ~ 289 1.13 INFINITE UNBOUNDED 1.32 Cheyenne UNUSE
"Oklahoma City Denver - 319*% -~ .82 .46 Cheyenne-Bakersfield#* .84 - Pierre-Denver¥*
Pierre Omaha 138% 1.13 1.05 Jackson-St. Paul* 1.16 Pierre-Denver*.
Oklahoma City Omaha -~ 837 . .68 .66 Pierre-Denver#* .75 Oklahoma~-Des Moines#*
Jackson . Omaha- - 17% 5.32 5.25 Oklahoma~Des Moines%* 5.34 Thomasville-Omaha*
Pierre St, Paul - 610% 1.14 INFINITE  UNBOUNDED 1.19 Pierre-St. Paul
Louisville Des Moines- 632 9.33 9.2% Louisville UNUSE 9.44 Roanoke-Des Moines *
Jackson Des Moines = 1491% 5.31 5.29, Thomasville=Omaha# 5.38"Oklahoma—Des Moines#*
Thomasville - Des Moines 513% 5.34 INFINITE UNBOUNDED 5.36 Thomasville-Omaha*
Louisville Indianapolis 74 8.48 8.36 Roanoke-Des Moines 8.52 Louisville UNUSE
Roanoke Indianapolis- 179 - 8.92: 8.88 Louisville UNUSE 9.04 Roanoke-Des Moines

*Railroad shipments



APPENDIX F, TABLE II

COST ANALYSIS OF MODEL II OPTIMUM SOLUTION WITH TRUCK RATE
OF $.60 PER MILE, 1965

‘Trans-
Quantity fer -

. Cost.Range-@ver Which Optimum Solution -Remains-Unchanged

Shipped " Cost/ Lower “Tpper

(1000~ cwt. Limit Incoming Vector at: Limit Incoming Vector at.
‘Origin > Destination-~-head) = (8) - (8) Lower:Limit (%) Upper Limit
‘Spokane - Bakersfield-:- 119% .78 INFINITE UNBOUNDED 1.51 Spokane-Bakersfield
Ogden “Bakersfield--- 120% © .25 INFINITE- - UNBOUNDED .70 - Ogden-Bakersfield
Billings- - * - - Bakersfield-- 659% - 1,84 INFINITE - UNBOUNDED 1.99 Billings-Denver #
Oklahoma City Bakersfield-'- 825% -~ 1.59 1.44 Billings-Denver 1.78 Jackson-Bakersfield %
Oklahoma: City Phoenix - -~ -~ 247% - 1.28 INFINITE - UNBOUNDED 1.41 Jackson-Phoenix*
Cheyenne- - . Denver -~ 289 - =.45-INFINITE- - - - UNBOUNDED ~.26 Cheyenne UNUSE
Oklahoma City-Denver - 319% - .82 .46 - Cheyenne=Bakersfield* - .84 Pierre=Denver#®
“Pierre: ' 7 Omaha - ©138%--- 1,07 .92 - Jackson=St: Paul#* 1.10 Pierre-Denver¥®
Oklahoma City" Omaha ~~~ " - 854% .68 .66 Pierre=Denver#* .75 Jackson-Omaha*
Pierre © St. Paul 610% 1.08 INFINITE - UNBOUNDED 1.13 Pierre-St. Paul
‘Louisville - Des-Moines - 513 .24+ -=.59. Thomasville-Des Moines »35° Roanoke—-Des Moines
"Oklahoma City Des Moines- - = - 102% T4 .67 Jackson=Omaha* .78 Pierre-Des Moines#
“Jackson Des  Moines -~ -1508% - -.26 INFINITE - UNBOUNDED .33 Jackson-Omaha®*
"Thomasville: ~Des-Moines ~~  513% - .29 INFINITE UNBOUNDED .38 Thomasville—-Omaha*
‘Louisville - Indiamapolis: 193~ =-.61 - -.73 Roanoke~Des Moines .22 Thomasville~Indianapoclis
Roanoke - Indianapolis- 60 - 1.86 .28 - Pierre UNUSE" 1.98 Roanoke-Des Moines

*Railroad shipments

%271



COST ANALYSIS OF MODEL: I - OPTIMUM SOLUTION WITH TRUCK RATE

APPENDIX F, TABLE III

OF $.46 PER MILE, 1965
Trans—
.Quantity fer “Cost Range- Over Whlch Optlmum Solution Remains Unchanged
Shipped Cost/ - Lower : Upper o '
5 . (1000~ ecwts " Limit Incoming”Vector at’ Limit - Incoming Vector at
“OQrigin - - ~Destination~- ~head) - ($)- - - (8) -~ - Lower Limit (3) Upper Limit
Ogden - Bakersfield----120%-~- 3:;16°INFINITE- -~ UNBOUNDED - 3.28 Ogden-Bakersfield
Billings” -~ “Bakersfield-- ~340%----=.81-- -.82- -~ Oklahoma=Benver¥* - ~.46: -Billings—-Bakersfield
"Oklahoma- City Bakersfield-~~1263%--: 1.59°-- 1.24 - -~ Ogden=Phoenix. - 1.60: Oklahoma-Denver *
- Oklahoma City Phoenix - -~ - - 247% - -1.28 INFINITE - -~ UNBOUNDED 1.33. Jackson-Phoenix*
‘Billings-- ‘Denveri- 319 -+ =1.59" - -1.94 -~ Cheyenne-Bakersfield* -1.58 Oklahoma-Denver *
Cheyenne- - ‘Denver - 289 1.08 INFINITE - UNBOUNDED - 1.32 Cheyenne UNUSE
Pierre - Omaha -~ 138" 1.01- 1.0l Pierre-St. Paul¥® 1.05 Pierre-Denver
Oklahoma City Omaha " = 837 .- .67 - .65 Pierre-Denver¥ .68 Oklahoma-Omaha*
~Jackson Omaha - 17%# 5.32 5.23 Oklahoma~Des Moines - 5.34 Thomasville-Omaha#*
Pierre - 'St. Paul 610 1.02 INFINITE - UNBOUNDED 1.02 Pierre-St. Paul#*
Jackson - - Des Moines 1491 5.31 5.29 Thomasville-Omaha * 5.31 Jackson-Des Moines*
Louisville ~ Des Moines - 632 9.08 - 8.75 Thomasville=Indianapolis 9.17 Roanoke-Des Moines -
Thomasville - Des Moines -~ 513 5,28 INFINITE - UNBOUNDED 5.34 Thomasville UNUSE
"Louisville Indianapolis- 74 8.43  8.34 Roanoke-Des Moines "8.73 Louisville UNUSE
Roanoke - Indianapolis- 179 8.73 8.43 - Louisville UNUSE 8.81 Roanoke-Des Moines

%Railroad shipments

YAl



APPENDIX F, TABLE IV

'~ COST- ANALYSIS OF MODEL II OPTIMUM SOLUTION WITH TRUCK RATE -
OF $.46 PER MILE, 1965

Trans

“Quantity - fer

Cost Range Over Which:-Optimum Solution Remains Unchanged -

Shipped  Cost/' Lower Upper

(1000 - cwts Limit Incoming-Vector at- - Limit . Incoming Vector at
‘Origin = 'iDestinationi‘~head)trr($)f"‘~'($)",‘""1"'Lower'Limit g (s) Upper Limit
Spokane - Bakersfield--+ 119%--- - .78 INFINITE ' - UNBOUNDED 1.02 Spokane-Bakersfield
Ogden. -- -+~ ' Bakersfield--- -120%--  ~,25 INFINITE- UNBOUNDED "+37 Ogden~Bakersfield
Billings® -~ Bakersfield--- 340%-- 1.84 - 1.83 = -Oklahoma=Denver#* 2.19  Billings-Bakerfield.
Oklahoma City Bakersfield--- 1144%--- 1.59- 1.24 - Ogden-Phoenix 1,60 - Oklahoma-Denver#*
Oklahoma City-Phoenix - -~ -~ 247% ~~'1.,28 INFINITE--- UNBOUNDED 1.40 - Oklahoma-Phoenix
"Billings- - ‘Denver -~ -~ 319 1.06 - .72~ Cheyenne=Bakersfield* -~ 1,07 Oklahoma~Denver#*
" Cheyenne-- - - ~Denver - 289 =50 INFINITE- UNBOUNDED “*  =,26 Cheyenne UNUSE
"Pierre - Omaha - 138 <95 .95 Pierre~St. Paul® .99 Pierre-Denver
"Oklahoma City Omaha- 854 .67 .65 Pierre-Denver* .68 - Oklahoma-Omaha*
Pierre "~ St, Paul 610 .96  INFINITE:  UNBOUNDED .96 Pierre-St. Paul*
Jackson, @~ Des Moines - 1508 - .26 INFINITE  UNBOUNDED - .26 Jackson UNUSE
Louisville Des Moines- 513 -.01 -.34 Thomasville~Indianapolis .08 Roanoke-Des Moines
Thomasville  Des Moines - 513 .23 INFINITE UNBOUNDED ' : .29 - Thomasville UNUSE
"Oklahoma City Des® Moines: 102%* <74 .66 Jackson-Omaha* .76 Pierre-Des Moines#*
Louisville ' Indianapolis 193 -.66 -.75 - Roanoke-Des Moines. -.33 Thomasville-Indianapelis
Roanoke - Indianapolis - 60 1.67 .50 Pierre - UNUSE 1.75 Roanoke-Des Moines

*Railroad shipments

9¢T1



APPENDIX ¥, TABLE V

COST ANALYSIS OF MODEL I OPTIMUM SQLUTION- WITH TRUCK RATE
OF $.60 PER MILE, 1970

Trans-

Quantity fer-— Cost Range Over Which Optimum Solution Remains Unchanged

Shipped Cost/ Lower. Upper

(1000 ewWt . Limit Incoming Vector at Limit  Incoming Vector at
Origin Destination _head) (%) ($) Lower Limit: (s) Upper Limit
Dummy.-Supply .Bgkersfield" 1693.. "9999.00 9998.95 Billings-Omaha* 9999,00 Dummy-Bakersfield®
Spokane Bakersfield 113% 12,44 INFINITE UNBOUNDED 12.92 Spokane-Phoenix¥
Ogden Bakersfield: 161%  3.16 INFINITE UNBOUNDED 3.52 Ogden-Phoenix
Billings Bakersfield 293% -.81 . -.96 Oklghoma-Denver#® ~,76 Billings~Omaha*
Dummy Supply Phoenix: 211 9999.00 9998.84 Oklghoma-Denver#* 9999,00 Dummy-Phoenix¥*
Oklahoma City Phoenix: 326% 1.28 1.26 Roanoke—Omaha* 1.34 Jackson-Phoenix¥
Billings Denver 498%  -1.43. -1.75 Cheyenne-Phoenix*® -1.34 Billings-Denver.
Cheyenne- Denver 363 1.13 INFINITE UNBOUNDED 1.32: Cheyenne UNUSE
Pierre Omaha: 153% 1.13.  1.08 Billings-St. Paul®* . 1.18  Pierre—-Omaha
Oklahoma City. Omaha 1553 .68 .62. Jackson-Phoenix® .71 Roanoke-Cmaha*
Jackson Omaha 407% 5.32 5.27 Harrisburg-Des Moines* 5.34 Thomasville-Qmaha*
Pierre St. Paul 610% 1.14 1.09 Harrisburg-Des Moines* 1.19 Pierre-St. Paul
Harrisburg St. Paul 74% 11.92 INFINITE  UNBOUNDED 11.98 Harrisburg-Des Moines®
Jackson Des Moines 1353% 5.31 5.29 Thomasville-Omaha* 5.36 Harrisburg-Des Moines#*
Louisville Des Moines 926 9.33 INFINITE TUNBOUNDED 9.44 Louisville-Indianapolis
Thomasville Des Moines 311% 5.34 INFINITE  UNBOUNDED 5.36 Thomasville-Omaha®
Roanoke Des Moines 317 9.88 9.76 Louisville-Indianapolis 9.98 Roanocka-St. Paul
Roanoke. Indianapolis 242 8.92 INFINITE UNBOUNDED 9.04 Louisville-Indianapolis

*Railroad.shipments
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APPENDIX F, TABLE VI

COST ANALYSIS OF MODEL II OPTIMUM SOLUTION WITH TRUCK -RATE
OF-$.60 PER MILE, 197D

Trans-

Quantity~ fer - Cost Range Over Which Optimum Solution Remaing Unchanged

Shipped Cost/ Lower ’ ' o Upper

(1,000 - cwt.. Limit . Incoming Vector at Limit Incoming Vector at
‘Origin ~Destination. head) (8)  {8). ... ..~ Lower Limit (%) _Upper Limi¢
Dummy Supply- Bakersfield 1693 9999.00.9998.95 Billings-Omaha* 9999.00 Dummy-Bakersfieid*
Spokane- Bakersfield 113% .78 INFINITE UNBOUNDED 1.26 Spokane-Phoenix*
Ogden Bakersfield 161% - »25 INFINITE UNBOUNDED .61 Ogden-Phoenix
Billings - Bakersfield 293% 1.84. 1.68 - Oklahoma-Denver¥* 1.88 - Billings~Omaha#*
Dummy - Supply Phoenix 211 9999.00 9998.84  Oklahoma-Denver¥® 9999.00 - Dummy~-Phoenix*
Oklahema City Phoenix 326% 1.28 1.26  Roanoke-Omaha* 1.34 Jackson<Phoenix® .
Billings Denver 498% 1.22 .90  Cheyenne-Phoenix® 1.31 Billings-Denver*
Cheyenne Denver 363 -.45 INFINITE UNBOUNDED -.26 Cheyenne UNUSE
Pierre Omaha - 153 1.07 1.02 Billings-St. Paul#® 1.12 - Pierre-Omaha
Oklahoma City Omaha 1553% .68 .62  Jackson-Phoenix* .71 Roanoke-Omaha#
Jackson - Omaha 407%* .27 .22  Harrisburg-Des Moines%* .29 Thomasville-Omaha#*
Pierre St. Paul 610% 1.08. 1.03 Harrisburg-Des Moines* 1.13 Pierre-St. Paul
Harrisburg: St. Paul 74% 2.84 INFINITE UNBOUNDED 2.88 Harrisburg-Des Moines®
Jackson Des Moines 1353%* <26 <24 Thomasville-Omaha* .31 - Harrisburg-Des Moines*
Louisville:  Des Moines 926 +24 INFINITE UNBOUNDED .35 Louisville-Indianapolis
Thomasville  Des Moines 311%* .29 INFINITE UNBOUNDED .31 Thomasville-Omagha*
Roanoke’ Des Moines 317 2.82 2,70  Louisville-Indianapolis 2,92  Roanoke-St. Paul
Roanoke Indianapolis 242 1.86 INFINITE UNBOUNDED 1.98 Louisville-Indianapolis

*Railroad shipments
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APPENDIX F; TABLE VII

COST ANALYSIS OF MODEL-I OPTIMUM SOLUTION WITH TRUCK RATE
’ OF $.46 PER MILE, 1970

‘Trans= -
Quantity fer. : Cost Range Over Which Optimum. Solutidon Remains Unchanged
Shipped Cost/ Lower ‘ ' ~ Upper - o
. (1,000 - cwt. Limit Incoming Vector at - Limit - Incoming Vector at

Origin Destination __head) E) I ¢)) Lower Limit. . (S Upper Limit
Dummy Supply  Bakersfield 1693 9999.00 9998.95  Ogden-Phoenix. 9999.00 Dummy-Bakersfield#®
Spokane Bakersfield: 113% 12,44 - INFINITE UNBOUNDED 12,68 Spokane-Bakersfield
Ogden Bakersfield 161% 3.16 INFINITE UNBOUNDED 3.21 Ogden-Phoenix
Billings Bakersfield 293% -+.81 -1.12- Oklahoma-Denver®* -.75  Billings-Omaha*
Dummy Supply Phoenix 211 9999.00 9998.69  Oklahoma-Bakersfield# 9999.00 - Dummy-Phoenix#*
Oklahoma~City Phoenix S 326% 1.28 1.23 = Billings-Omaha* 1.33 Jackson-Phoenix¥*
Billings Denver 498 -1.59 =1.75. Cheyenne~Phoenix* -1.43 Billings-Denver¥*
Cheyenne Denver - 363 -~ ~1.08-INFINITE UNBOUNDED 1.32 Cheyenne UNUSE- .
Pierre Omaha- 153 ;.. 1.0% - ~1.01  Pierre-St., Paul* 1.05 Harrisburg-Indianapolis
Oklahoma City Omaha 1553 .67 62 ~Jackson-=Phoenix* .68 (Oklahoma-Omaha*
Jackson Omaha“ " 407% -+ 5.32 5.28 Harrisburg-Indianapolis 534 Thomasville-Omaha¥
Pierre St Paul 610 - 1.02 .98  Harrisburg-Indianapolis 1.02 Pierre-St. Paul%*
Harrisburg St. Paul 74 11.62 INFINITE UNBOUNDED: 11.66 Harrisburg-Indianapolis
Jackson” _ Des"Moines 1353 - 5.31 5.29 Thomasville-Omaha 5.31 Jackson-Des Moines
Louisville Des~Moines 926 © 9,08 -INFINITE UNBOUNDED. 9,17 Louisville-Indianapocli
Thomasville: Des Moines 311 -7 5.28 INFINITE UNBOUNDED 5.34 Thomasville UNUSE
Roanoke ' Des Moines 317 9,46 - 9.42 Harrisburg-~Indianapolis 9.51 Roanoke-Phoenix*
Roanoke Indianapolis 242 - - 8,73. 8,68 Roanoke-Phoenix* 8.77 Harrisburg-Indianapolis-

*Railroad shipments
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APPENDIX F, TABLE VIII

COST ANALYSIS OF MODEL II OPTIMUM SOLUTION WITH TRUCK RATE
OF $.46 PER MILE, 1970

Trans=-

Quantity fer Cost Range Over Which Optimum Solution Remaing Unchanged

Shipped Cost/ Lower Upper -

(1000 cwt. Limit- Incoming Vector at Limit  Incoming Vector at
Origin Destination  head) ($) (3) Lower Limit (3) Upper Limit
Dummy Supply Bakersfield 1693 9999.00 9998.95 Ogden-Phoenix 9999.00 Dummy-Bakersfield*
Spokane . Bakersfield 113% .78 INFINITE  UNBOUNDED 1.02 Spokane~Bakersfield
Ogden  Bakersfield 161% .25 INFINITE  UNBOUNDED .30 Ogden~Phoenix
Billings Bakersfield 293% 1.84 1.53 Cklahoma-Denver* 1.90 Billings-Omaha*
Dummy Supply Phoenix 211 9999.00 9998.69 Oklzhoma-Bakersfield®  9999.00 Dummy-Phoenix®
Oklahoma. City Phoenix 326% 1.28 1.23 Billings~Omaha® 1.33 Jackson-Phoenix*
Billings - Denver 498 1.06 .90 Cheyenne-Phoenix¥* 1.22 Billings~Denver#*
Cheyenmne Denver 363 -.50 INFINITE  UNBOUNDED -.26 Cheyenne UNUSE
Pierre Omaha 153 .95 .95 Pierre-8t. Paul* .99 Harrisburg-Indianapolis
Oklahoma City Omaha 1553 .67 .62 Jackson-Phoenix* .68 Oklahoma-Omaha*
Jackson " Omaha 407% .27 .23 Harrisburg-Indianapolis .29 Thomasville-Omaha*
Pierre St. Paul 610 .96 .92 Harrisburg-Indianapolis .96 Pierre-St. Paul®
Harrisburg St: Paul 74 2.53 INFINITE UNBOUNDED 2.57 Harrisburg-Indianapolis
Jackson. Des Moines 1353 .26 24 Thomasville-Omaha#® .26 Jackson-Des Moines®
Louisville Des Moines 926 -.01 INFINITE  UNBOUNDED .08 Louisville-Indianapolis
Thomasville Des Moines 311 .23 INFINITE UNBOUNDED : .29 Thomasville TUNUSE
Roanoke Des Moines 317 2,40 2.36 Harrisburg-Indianapolis 2.45 Roanoke-Phoenix®
Roancke Indianapolis 242 1.67 1.62 Roancke-Phoenix#® 1.71 Harrisburg-~Indianapeolis

*Railroad shipments.
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APPENDIX G

The following code information will interpret the numerical
and alphabetical regional designations of Appendix G tables on the
shadow pricés for the optimum model solutions for this study. Apy
three-digit number beginning with a "three" will .indicate a rail supply

1"

shipment. A three-digit number beginning with a "two" will indicate a

truck supply shipment. All three-digit numbers beginning with a "oné' -
will indicate a demand region. An asterisk to the left of a shipment.
will indicaté that activity is in. the optimum solution. The plug-signs
preceeding the shipment designations indicate the slack activity for

for each of the supply regions. A slack which has an asterisk preceeding

it shows that all of that region's supply was shipped.

Demand Regions

Code Name Region
101 Bakersfield
102 Phoenix
103 Denver
104 Omaha
105 . St. Paul
106 Des Moines
107 Indianapolis

Supply Regions

Truck: 201 or 201SPK Spokane
202 or 202 0GD Ogden
203 or 203BIL Billings
204 or 204CHE Cheyenne -
205 or 205PIE Pierre
206 or 2060KC Oklahoma City
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Supply Regions (Continued)

Code Name.

207
208
209
210
211

Rail 301
302

303

304
305
306

307

308

‘309

310

311

For

or -

or
or
or
or

or

or,
or.
or.

or
or
or
or

0T

or
or

2073AC .

208L0U
209THM
210R0A
211HAR

-301SPK-

2030GD
303BIL
304CHE
305PIE
3060KC
307JAC
308L0oU
309THM
310R0A

-311HAR

example:

Region

Jackson
Louisville
Thomasville
Roanoke
Harrisburg

Spokane
Ogden
Billings
Cheyenne’
Pierre
Oklahoma City
Jackson
Louisville
Thomasville
Roanoke
Harrisburg-

2.36929000

This states that an additional truck shipment "from Spokane to

Bakersfield would add $2.36929, per hundredweight of feeder cattle

shipped, to the optimum:least cost solution.:

132



SHADOW PRICES FOR OPTIMUM SHIPMENIS OF FEEDER CATTLE. FKOM SUPPLY TO DEMAND REGIONS USING

APPENDIX G, TABLE I

. MODEL .1 ESTIMATED COSTS: WITH TRUCK RATE OF $ 60 PER-MILE, 1965

7211107

¥ NN

201101
205101
209101
202102
206102
.210102
203103

207103 .

211103
204104
208104
201105
205105
209105
202106
206106
210106
203107
207107

304101
308101
301102
305102
309102
302103
306103
310103
303104
307104

311104

304105
308105
3011086
. 305106
309106
302107
306107
310107
+203BIL
+207JAC
+211HAR
+30uCHE

"+308LOU

2.4893u800

1.31083600

1,87719200
.66396600
+53881800

1.68511600
« 24145000

. 89597000
3.19435200
+86178600.
+21521200
3.76593200
+OU547800
69427200

'1.95275600

..37299000
.11629800
2, 74694600
+87983000
2.22752200
+ 35500000
«23600000
2,53567800

+35500000 -

.19500000
53700000

+51567800
435000000

2.32567800
«87000000
+17100000

3,0u4067800
+10500000

3,00646800

1.37546800
«29114600

. s e @

202101
206101
210101
203102
207102
211102

#. 204103
208103

- 201104
205104
209104
202105
206105
210105
203106
207106
211106
204107

# 208107
301101
305101
309101
302102

® 306102
310102
303103
307103
311103
304104
308104
301205

* 305105

309105

© 302106

. 306108

. 310106
303107
307107
311107
+204CHE
+208L0U

* +301SPK
* +305PTE
* +309THM

414388200
+89471600

. 2,51540600

89881800
- +88324000
3,92730600

- 86899200
"3.85900200
~043934000
.57320600
2,20042600
.81818200
+21259600
1,18338400
« 35002800
3.29635600
2,79901000

1,76067800
+63000000
»265000000
« 78700000

«25067800 -

.15000000

.03000000

2,43067800
+54000000
.07600000

2,79567800

+ 12000000
1,42500000
+07000000
+ 33067800
2,10046800
1,15046800
2,45114600
.19170800
+39808800

L )

203101
207101
211301
204102
208102

201103 -

205103
209103
202104
206104
210104
203105
207105
211105
204106
208106

201107

205107

1 209107

302101
306101
310101
303102
307102
311102
304103
308103
301104
305104
309104
302105
306105
310105
303108
307106
311106
304107
308107
+201SPK
+205PIE
+209THN
+3020GD
+3060KC
+310R0A

«93717400
1,27233600

4,28696600.

1.04502800
1.55220400

. 3,17812400
+15361200

1,17529800
1,73046600
18762000
.21705800
77018600
. 76014600
2.29243800
1.12099600

 5.74269200°

1,94101u00
» 82687800

.27567800

46500000

+05500000"
2,42987800. -

+12600000
2,81567800

.02000000
1.83800000
«19000000
+55567800
»57000000

2,13067800
2,240u46800

. 84646800

.
3
°
°
e
°

*FF RS

204101
208101
201102
205102
209102
202103
206103
210103
203104
207104
211104
204105
208105
201106
205106
209106
202107
206107
210107
303101
307101

311101

304102
308102
301103
305103
309103
302104
306104
310104

303105. -

307105

311105

304106
308106
301107
305107
309107
+2020GD
+2060KC

+210R0A

+303B1L
+307JAC
+311 HAR

1.19968200

1.91176400 .

3.,20600600
1.20048600

1.28071200°

-.B0037800
.31713600
1.22711600
86325600
. 43232800
2.43535000
1.41850800
22736400
4.17913000

«24823200 .

» 39676000
3.63077000
1,55443000

«12500000
2.42407800

47500000

«21100000
2,55067800
+»02500000
»09000000
1,18100000

.28067800

- 35500000
+08000000
2.14067800
- .63000000

'4,46614600

1.62546600
.BSOHSBOO
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SHADOW PRICES FOR OPTIMUM SHIPMENTS OF FEEDER CATTLE FROM SUPPLY TO DEMAND REGIONS USING

APPENDIX G, TABLE II

MODEL II ESTIMATED COSTS WITH TRUCK RATE OF $.60 PER MILE, 1965

I VR

201101
205101
209101
202102
206102
210102
203103
207103
211103
204104
208104
201105
205105
209105
202106
206106
210106
203107
-207107
211107
304101
308101
301102
305102
309102
302103
306103
310103
303104
307104
311104
304105

308105 |

301106
305106
309106
302107
306107
310107
+203BIL
+207JAC
+211HAR
+304CHE
+308L0OU

. 72867000
1.31083600
1.74719200

.66396600

.53881800
1,75511600

24145000

+96597000
1,23435200

.86178600

.28521200
2,00525400

.0u547800

. 76427200
1,88275600

.30299000

.11629800
267694600

87983000

219752200

. 35500000

.30600000

. 77500000

.35500000

26500000

53700000

»58567800
+ 35000000
.07000000
. 36567800
. 87000000
+24100000
1.21000000
.03500000

2.93646800
1,30546800
229114600

202101
206101
210101
203102
207102
211102

% 204103
208103
201104
205104
209104
202105
206105
210105
203106
2071086
211106
204107

% 208107
% 301101
305101
309101
302102

% 306102
310102
303103
307103
311103
304104
308104
301108

% 305105
309105
302106

% 306106
310106
303107
307107
311107
+204CHE
+208LOU

% 4+301SPK
%* +305PIE
% +309THM

. 414388200
+89471600
2.58540600
. «89881800

+95324000 -

1,96740600

«93899200
2.,09832400
.04994000
64320600
2,20042600
.81818200
«28259600
1,11338400
»35002800
1,26635600
2.72901000

«63000000
+33500000
« 78700000

» 32067800
+15000000
»10000000
.147067800
54000000
«14600000
1.03500000

+19000000
1.35500000

+33067800
2,03046800
1.15046800
+142114600
+19170800
+ 39808800

® %

LR R N

203101
207101
211101
204102
208102
201103
205103
209103
202104
206104
210104
203105
207105
211105
204106
208106
201107
205107
209107
302101
306101
310101
303102
307102
311102
304103
308103

301104

305104
309104
302105
306105
310105

303106 -

307106
311106
304107
308107
#201SPK
+205PTE
+209THM
+30206D
+3060KC
+310R0A

«93717400
1.34233600
2.32696600
1,0u4502800
1.62220100
1. 41744600

»15361200
1.24529800
1.73046600

+18762000

+28705800

«77018600

. 83014600

« 33243800
1,05099600

© 3.91201400

1.87101400
. 82687800

. 34567800
-46500000
212500000
46987800

.19600000
1.15500000

+09000000
1.89800000

+19000000 -

462567800
«50000000

»16067800
2,17046800
- 84646800

e o 8 & o

LRI B N

204101
208101
201102
205102
209102
202103
206103
210103
203104
207104
2311104
204105
208105
201106
205106
209106
202107
206107
210107
303101
307101
31110l
304102
308102
301103
305103
309103
302104
306104
310104
303105
307105

311105 °

304106
308106
. 301107
305107
309107
+20206D
+2050KC
+210R0A
+303BIL
+307JAC
+311HAR

1.19968200
1.98176400
1.44532800
1,20048600
1,35071200
+80037800
+31713600
1.29711600
« 86325600
+50232800
«47535000
1,41850800
+29736400
2,34845200

© «17823200

+ 39676000
3.56077000
1.48443000

+18500000
<H4E407800

© «47500000

«28100000
«79000000
+02500000
+16000000
1.18100000

« 35067800
« 35500000
+15000000
»18067800
62000000

2.63546800
1,55546800
« 85046800




APPENDIX G, TABLE ITI

SHADOW PRICES FOR OPTIMUM SHIPMENTS OF FEEDER CATTLE FROM SUPPLY TO DEMAND REGIONS USING
MODEL IIT ESTIMATED COSTS WITH TRUCK -RATE OF $.60 PER MILE, 1965

201101
205101
209101
202102
206102
210102
203103
207103
211103
20u204
208104
201105
205105
209105
202106
206106
* 210106
203107
207207
211107
304101
308101
301102
305102
309102
302103
% 306103
310103
303104
% 307104
311104
304105
308105
301106
305106
* 309106
302107
306107
: 310107
% +203BIL
* £207JAC
#* +211HAR
% +30uCHE
% +308LOU

2,70775800
1,31083600
1.67718200
.66396000
53884800
1,56881800
»24245000
» 88597000
1.78276200
. 86178600
»21512120

3,98434200 -

04547800
69427200
1,95275600
37299000

2.86324400
99612800

«93223000 °

» 35500000
63408800
2,75408800
« 35500000
+19500000
«53700000

+26500000
« 35000000

» 31408800
+ 87000000
+56908800
3,25908800
+10500000

3,12276600
1.49176600
»15676600

« s e 2

202101
206101
210101
203102
207102
211102

* 204103
208103
201104
205104
209104
202105
206105
210105
203106
207106
211106
204107
208107
301101
305101
3098101
302102

% 306102
* 310102
303103
307103
311103
304104
308104
301105

#* 305105
308105
302106
306106
310106
303107
307107
311107
+204CHE

% 4208LOU
%* +301SPK
% +305PIE
% +309THM

44388200
. 88471600
2.39910800
. 85881800
. 88324000
2.51581600

. 86899200
4,07741200
. 04334000
+57320600
2.20042600
. 81818200
. 09629800
1,18338400
« 35002800
1.88476600
2.91%30800
.£1629800
1.9%908800
.63000000
»26500000
. 787000000

.15000000
03000000
1.01908800
54000000
47408800
3,01408800

.32000000
1.42500000
87000000
.08000000
2.21676600
1536676600
1,15585400
+19170800

*

>

3 % N B %

*

203101
207101
211101
204102
208102
201103
205103
209103
202104
206104
210104
203105
207105
211105
204106
208106
201107
205107
209107
302101
306101
310101
303102
307102
311102
304103
308103
301104

305104 -

309104
302105
306105
310105
303106
307106
311106
304107
308107
+201SPK
+205PIE
+209THM
+3020GD
+3060KC
+310R0A

293717400

1.27233600
2.87537600
1,04502800
1.55220400
3.39653400
.15361200
1.17529800
1,73046600
.18762000
»10076000
» 77018600
» 76014600
+ 88084800
1,12099600

6, 07740000
2,05731200
. 34317600

o

» 02500000
+46500000
+05500000
1,01828800

.52408800

" 3.13408800

.02000000
1.89800000
218000000
» 30500000
»57000000

+77908800
2,35676600
1.36085400

2054301
208101
2011202
205102
209102
202103
206103
210103
203104
207104
2113104
264105
208105
201106
205106
2039106
202107
2056107

* 210107
# 303101
307101
311101
304102
308102
301103
305103

' 309103
302104

* 306104
© 310104
303105

307105

311105
304166
308166
301107
305107
309107

# +2020GD
* +2050KC
+210R0A
* +303BIL
® +307JAC
& +31IHAR

1.19968200
1.91176400
2.42441600
1.20048600
1.28071200

» 80037800

. .31713600

1.11081800
+B6325600
«43232800

1.02376000

1.41850800
«22736400

4.39754000
«24823200
+ 38676000

3. 74706800

1.67072800

12500000
1,01248800
47500000
.60908800
2.76908800
« 02500000
+ 03000000
1.18100000

+ 03000000
» 35500000
.08000000
» 72908800
+63000000
+ 39808800
4,80085400
1.74176600
« 36676600

»13438000

°

¥



“AfPENDiX.G;:TABLE IV

SHADOW. PRICES FOR OPTIMUM SHIPMENTS OF FEEDER CATTLE FROM SUPPLY TO DEMAND REGIONS USING
MODEL IV ESTIMATED COSTS WITH TRUCK RATE OF $.60 PER MILE, 1965

W

LN I

201101
205101
209101
202102
206102
210102
203103
207103
211103
204104
208104
201105
205105
209105
202106
206106

210106 -

203107
207107
211107

- -304101.

308101
301102
305102
309102
302103
306103
310103
303104
307104
311104
304105
308105
301106
305106
. 309106
302107
306107
310107
+203BIL
+207JAC
+211HAR
+304CHE
+308L0U

72867000
1.31083600

1.74719200
66396600 .

.53884800
1.75511600
. 24145000
. 96597000
1.23435200
+ 86178600
.28521200
2.00525400
04547800
. 76427200
1,88275600
« 30299000
.11629800
2.67634600
+ 87983000
+19752200
« 35500000
+ 30600000
+77500000

»35500000.

«26500000
+53700000

58567800
. 35000000
.07000000
. 36567800
. 87000000
- 424100000
1.21000000
03500000

2.93646800
1. 30546800
+29114600

202101
206101
210101
203102
207102
211102
204103
208103
201104
205104
209104
202105
206105
210105

»

203106 .

207106
211106
204107

* 208107
# 301101
305101
309101
302102

* 306102
310102
303103
307103
311103
304104
308104
301105

% 305105
309105
302106

* 306106
310106
303107
307107
311107
+204CHE
+208LOU
% +301SPK
% 4305PIE
# 4309THM

~44388200
«89471600
2,58540600
» 89881800
« 95324000
1,96740600

« 93899200
2,09832400
04934000
«64320600
2,20042600
.81818200
+28259600
1.11338400
»35002800
1.26635600
2,723801000

.63000000
« 33500000
+78700000

« 32067800
-«15000000
10000000
+47067800
»54000000
» 14600000
1.03500000

»19000000
1,35500000

. 33067800
2.03046800
1.15046800

42114600
- 19170800

.39808800

o *

b2 .

LI

W o N W

203101
207101
211101
204102
208102

-201103

205103
209103
202104
206104
210104
203105
207105
211105
204106
208106
201107
205107
209107
302101
306101
310101
303102
307102
311102
304103
308103
301104
305104
309104
302105
306105
310105
303106
307106
311106

304107

308107
+201SPK
+205PIE
+209THM
+3020GD
+3060KC
+310R0A

«93717400
1.34233600
2,32696600

. 1.04502800

1,62220400
1,41744600
+15361200
1.24529800
1.73046600
+18762000
.28705800
. 77018600
. 83014600
. 33243 800
1,05099600

© 3,91201400

1.87103400
.82687800

» 34567800
46500000
,12500000
. 46987800

19600000
1.15500000

« 09000000
1.89800000
+19000000
62567800
»50000000

+16067800
2,17046800
«846L6 800

e o o @

B e % N N

204101
208101
201102
205102
209102
202103
206103
210103
203104
20710%
211104
204105
208105

. 201108

205106
209106
202107
206107
210107
303101

© 307101 .

311101
304102
308102
301103
305163
309103
302104
306104
310104
303105
307105
311105
304106
308106
301107
305107
309107
+2020GD
+2080KC
+210ROA
+303BIL
+307JAC
+311HAR

1.19968200
11,98176400

1.44532800

1.20048600
1.35071200
+80037800
«31713600
1.29711600
«86325600
+50232800
47535000
1.41850800
+29736400
2,34845200
»17823200
+ 39676000

. 3.56077000

1, 48443000

»19500000
46407800
+47500000
«28100000
«79000000
+02500000
+16000000
1.18100000
.35067800
+ 35500000
+15000000

+18067800 .

462000000

2.63546800
1.,55546800
+ 85046800

2¢1



,”.SHADQH;BRICES,FDRtDPTIMUMVSHIPMENISQQF;EEEDER;CAIILE;FROM“
-7 MODEL 1 ESTTMATED. COSTS. WLITH TRUCK RATE OF. $.46.

... APPENDIX G,. TABLE V

SUPPLY" TO . DEMAND REGIONS USING
PER MILE, 1965

L3 N

201101
205101
209101
202102
206102
210102
203103
207103
211103
204104
208108
201105
205105
209105
202106
206106
210106
203107
207107
211107
304101
308101
301102
305102
309102
302103
306103
310103
303104
307108
311104
304105
308105
. 301106
305106
309106
302107
306107
310107
+203BIL
+207JAC
+211HAR
+308CHE
- +308L0U

2.36929000

« 73909000
« 74920000
» 35321500
11302000
1.13061000

« 37235000
2.87637500
« 70184000

-16010000 -

3,57865500
+22660500
1,50217000
14695500
»08914500
1.96664500
«40610500
2,18140500

» 34862500 .

56911500
2,90911500
+» 34005000
«17752000
«54337500
00637500
+89549000
. «36495000

2.71406500
- 88433000
52482000

3,43159500
»10753000.

2,82655000
1.19555000
48466500

202101
206101
210101
203102
207102
211102

= 204103
208103
201104

* 205104
20910%
202105
206105
210105
203106

* 207106
211106
204107

* 208107
301101
305101
309101
302102

* 306102
310102
303103
307103
311103
304104
308104
301105

305105 -

309105
302106
306106
310106
303107
307107
311107
+204CHE
+208LOU
% +301SPK
% 4+305PIE
* 4+309THM

+11330500
+31459000
1.69583500
+ 38894500
+24765000
3, 32333500

+613897500
3.64657500

«13038500
1.69057000
48676000
+16151500
+76814000

3.00063000
+ 2418163000

2.13411500
61505000
24752000
+ 78700000

.62411500
+15637500
»02142500
2.81048000
«54857500
+142406500
3, 18882000
«00575500
«12322500
1.44248000
»08748000
« 72159500
1.92055000
«95560000
2.64466500

423567000

»29402500

203101
207101
211101
204102
208102
201103
205103
209103
202104

% 206104
210104 .

203105
207105
211105
204106

* 208106
201107
205107
209107

#* 302101
* 306101
310101
303102
307102
311102

% 304103
308103
301104

* 305104
309104
302105
306105
310105
303106
307106
311106
304107
308107

* 4+201SPK
+205PIE
+209THM
# 43020GD
* +3060KC
* 4+310R0A

34713500
47463000
3.52773500
68609500
1.02873000

3,08340500.

.03820500
55064000
1.32691500
+16151500
+44937000
+ 31292000

2.22972000
90539500

5,09533000
1,45441500
232968500

+64911500
« 46500000

.04005000

2.80331500

+ 46549000
3.30406500

+01747000
1.91870500
+21070500
. 94982000
+58748000
«00253000
2.58159500
.2,05417500

.99966500

211815000
+06010000

204101
208101
201102
205102
209102

. 202103
206103
210103
203104
207104

- 211104
204105
208105
201106
205106

* 209106

202107 -

206107

_* 210107
# /303101 .

. 307101

311101

304102
308102
301103
305103
309103
302104
© 306104

310104

303105
307105

© 311105 .

301106
308106
301107
305107
309107
* $2020GD
# $2060KC
# $210R0A
* +303BIL
* $307JAC
* $311HAR

» 73343000

.1,23313000

2,98983500
.+ 72571500
. 51650000
«57272000
05801500
+» 89448500
+51789000
+05822000
2,33584500
1.13200000
«17283500
3,89682500
+»15686000

.2.78840500
" 1.,05255500

+11005000
2,79751500
46862500
«54411500

~2.93049000

+01642500
.07889500
1,19585000
+01495000
66306500
+37570500
»08575500
2,53482000
+70110500
« 35059500
4,65966500
1.43060000 _.
+»65307000

LET



SHADOW PRICES FOR.OPTIMUM SHIPME

NTS OF

APPENDIX G, TABLE VI

MODEL II ESTIMATED COSTS WITH TRUCK RATE OF $.46 PER MILE, 1965

FEEDER CATTLE FROM SUPPLY TO DEMAND REGIONS USING

* *

201101
205101
209101
202102
206102
210102
203103
207103
211103
204104
208104
201105
205105
209105
202106
206106
210106
203107
207107

211107

304101
308101
301102
305102
309102
302103
306103
310103
303104
307104
311104
304105
.308105
301106
305106
309106
302107
306107
310107
+203BIL
+207JAC
+211HAR
+304CHE

+308L0OU

.23517500
. 73909000
.83668000
.35321500
.11302000
1.21809000

+45983000
.93385500
.70184000

.24758000

1.44454000

.31408500
1.41469000

.05947500 -

.08914500
.87916500
.40610500
.15140500
. 34862500
. 30600000
. 77500000
.34005000
.26500000
.54337500
00637500
.98297000
36495000
08495000
.77154500
.88433000
.26170500
1.21000000

.02005000

-

£ 2.739070000
1.10807000
.48466500

-00253000

202101
206101
210101
203102
207102
211102
* 204103
208103
201104
* 205104
209104
202105
206105
210105
203106
* 207106
211106
204107
* 208107
301101
305101
309101
302102
* 306102
310102
303103
307103
311103
304104
308104
301105
305105

*

309105

302106

% 306106

310106
- 303107
307107
311107
+204CHE
4208LOU

* +301SPK

* +305PIE
* 4+309THY

211330500
. 31453000
"1,78331500
. 38894500
33513000
1.38081500

«70745500
1.51246000

.21786500
1.69057000
48676000
.24899500
. v68066000

57069000
2.14150000

- 561505000
. 33500000
.78700000

271159500
.15637500
.10637500

© .86797000
54857500
16095000
©1.05570500
| 89575500
21070500
“1.35500000

~72159500
- 2.833070000
+95307000 .
61466500
.»23567000
+64462000

203101
207101
211101

204102

208102
201103
205103
209103
- 202104
* 206104
210104
203195
207105
211105
204106
* ' 208106
201107
205107
209107
* 302101
306101
310101
303102
307102
311102
* 304103
308103
301104
* 305104
309104
302105
306105
310195
303106
* 307106
© 311106
304107

*

308107

* +201SPK
4205P1IE
+209THA

* 4+3020GD
* 43060KC
*.4+310R0A

.34713500
.56217000
1.58521500
.68603500
1.11621000
»94923000
.03820500
.63812000
1.32691500

+24899500
.44997000
.40040000
.28720000
.81791500

2.87373500
1.36693500
.32969500

.73659500
.46500000
.12500000
.86079500

.20237500
1.16995000

.10495000
1.91870500
.21070500
1.03730000
.50000000

:55159500
1.96669500
.64907000

11815000
.06010000

-
- -

* % % ¥ % ¥

204101
208101
201102
205102
209102
202103
206103
210103
203104
227104
211104
204105
208105
201106
205106
209106
202107
206107
210107
303101
307101
311101
304102
308102
301103
305103
309103
. 302104
306104
- 310104
303105
307105
‘311105
304106
308106
301107
305107
309107
+2020GD
+2060KC
+210R0A

+303BIL
+307JAC
+311HAR

.73343000
1.32061000
.85572000
.72571500
.60398000
.57272000
205801500
.98196500
.51789000
.14570000
.39332500
1.13200000
.26031500
1.67523000
.06938000

2.70092500

.96507500

.

.19500000
.85499500
. 46862500
.28100000
.79637500
.01642500
.11637500
+19595000
.01495000
.75654500
.37570500
.17070500
.59230000
61362500

-

" 2.43807000

1.34312000
.65307000

8CT



APPENDIX. G, TABLE VII

SHADOW PRICES EOR. OPTIMUM SHTPMENTS OF FEEDER CATTLE FROM ‘SUPPLY TO DEMAND REGIONS USING
* MODEL IIT, ESTIMATED: COSTS WITH TRUCK RATE OF $.46 PER MILE, 1965

201101
205101
209101
202102
206102
210102

* 203103
207103

©211103 -

204104
208104
201105
* 205105
209105
202106
206106
* 210106
203107
207107
211107
304101

308101 -

301102
305102
309102
302103
306103
310103
303104

* 307104
311104
304105
308105
301106
305106

* 309106
302107
306107

* 310107

* +203BIL

* 4207JAC

* +211HAR

* +304CHE

* +308L0U

2.44331500
.73909000
+74920000
.35321500
.11302000

1.04146500

.37235000
1.32040000
.70184000
.16010000
3.65268000

.22660500
1.50217000
.14695500

2.05579000
.49525000
.71457500
.34862500
.86314000

2.98314000
. 34005000
.17752000
.54337500
.00637500
.32168000
. 36495000

1.15809000
.88433000
.81884500

3.50562000

© 10753000

2.91569500
1.28469500

.
.
.
.

* ¥ * X

202101
206101
210101
203102
207102
211102
204103
208103
201104
205104
209104
202105
206195
210105
203106
207106
211106
204107
208107
301101
305101
309101
302102
306102
310102
303103
307103
311103
304104
308104
301105
305105
309105
302106
306106
310106
303107
307107
311107
+204CHE
+208LOU
+301SPK
+305PIE
+309THY

.11330500
+ 31459000
1.60669000
.38894500
.24765900
1.7673600

.61997500
3.720600920

.13038500°

1.69057000
.48676000
. «07237000
. 76814000

1.44471500
2,28077500
.08914500
2.20814009
.61505000
.24752090
.78700000

.05030500
.15637500
.02142500
1.25451500
.54857500
. 71809000
3.26384500
.00575500
.12322500
1.44243009
.08748000
.14778500
2.00969500
1.04474500
1.17783500
.23567000

203101
207101
211101
204102
208102
201103
205103

209103°

202104
* 206104
210104
203105
207105
211105
204106
* 208106
201107
205197
209107
® 302101
* 306101

310101 -

303102
307192
311102

* 304103
308103
301104

* 305124
309104
302105
306105
310105
393106
307106
311106
304197
308107

* +201SPK
+205PIC
+209THM
* +3020GD
* +3060KC
* +319R0A

+34713500

-47469000
1.97176000
.68609500
1.02873900
3.15743000
.03820500
+55064000
1.32691500

.07237000
.44997000
+31292000
+67374500
.90539500

5.25850000
1.54356000
.+41884000

.07530500
+46500000
.04005000
1.24734000

+75951500
3.37809000

..01747009
1.91870590
+21070500
.37621000
.58748000
.00253000
1.02562000
2.14332000
1.38283500

.11815000
.06010000

*

» ¥ %

204101
208101
201102
205102

209102

202103
206103
210103
203104
207104
211104

204105 -

208105
201106
205106
209106
.202107
206107
210107
303101
307101
311101
304102
308102
301103
305103
309103
302104
306104
310104
303105
307105
311105

304106

308106
301107
305107
309107
+2020GD
+2060KC
+210R0A
+303BIL
+307JAC
+311HAR

.73343000
1.23313000
3.06386000

72571500

.51650000

.57272000
,05801500
.80534000
.51789000
.05822000
.77987900

1.13200900

.17283500
3.97085200
.15686000

2.87755000
1,14170000

.11005000
1.24154000
.46862500
.83814000
3.00451500
.01642500
.07889500
1.19595000
.01495000
.09525500
.37570500
.08575500
.97884500
.70110500
64462000
4.82283500

1.51974500

. 74221500

-48466500

6ET



APPENDIX G, TABLE VIII

SHADOW'PRICES 'FOR 'OPTIMUM SHIPMENTS. OF. FEEDER CATTLE FROM SUPPLY TO DEMAND REGIONS USING
MODEL" IV-ESTIMATED COSIS. WITH "TRUCK RATE OF $ 46 PER MILE, 1965

201101
205101
209101
202102
206102
210102

#* 203103
207103
211103
204104
208104
201105

* 205105
209105
202106
206106

* 210106
203107
207107
211107

3041017

308101
301102
305102
309102
302103
306103
310103
303104
307104
311104
304105
308105
301106
305106
309106
302107
306107
310107

* +203BIL
+207JAC

* +211HAR
* +304CHE
* +308LOU

.23517500

.73909000
.83668000
. 35321500
.11302000
1.12894500

.45983000

.71736000
.70184000
.24758000
1, 44454000

.31408500
1.41469000
.05944756

1.96831000
49525000
.02405500
.34862500
. 30600000
.77500000
. 34005000
.32510000
.54337500
.00637500
. 76647500
.36495000
.08495000
.55505000
. 88433000
.26170500

1,21000000
02005000
.06010000

2.82821500

1.19721500
35731500

.00253000

.

202101
206101
210101
203102
207102
211102
* 204103
208103
201104

* 205104

209104
202105
206105
210105

203106 -

* 207106
211106

204107 .

208107
* 301101
305101
309101
302102

* 306102

310102
303103
307103
311103
304104
308104
301105
305105
309105
302106

* 306106
310106
303107
307107
311107
+204CHE
+208L0U

* +301SPK
* +305P1E
* +309THM

.11330500
. 31459000
1.69417000
. 38894500
.33513000
1.16432000

.70745500
1.51246000

.21786500
1.69057000
+48676000
.15985000
.68066000

.75419500
2.19329500
.08914500

+61505000
" +39510000
.78700000

.495190000
.15637500
+10637500
.65147500
.54857500
.16095000
1.05570500
.00575500
.27080500
1.35500000

50510000 -

1.92221500
1.04221500
.48731500
.23567000
.64462000

.
.

203101
207101
211101
204192
208102
201193
205103

209103

202104

& 2061904

210104
203105
297105

. 211105
204106

* 208106

291107 -

205107
209107

% 302101
-% 306101

310101
303102
307192
311102

* 304103

308103
301104
* 305104

309104,

302105
306105
310105
303106
* 307106
311106

04107

308107

* +201SPK
+205P1E
* +209THM
* +3020GD
* +3060KC
* +310R0A

.34713500

- «56217000

1.36872000
.68609509

©1.11621000

94929000

.03820500
©.63812000
1.32691500

.15985000
+44997000
40049000
.07070500
.81791590

2.96288000
1.45508020
-41884909

.52010000
+46500000
+12500000

.64430000

.20237599
1.16995000

.16505090

.1.91879590

+21070500
.82080500
.59000000

.33510000
2.05584000
.73821500

.118159800

*

*

204101
208101
201102
205102
209102
202103
206103
210103
203104
207104
211104
204105
208105
201106
205106
209196
202107
206107
210107
303101
307101
311101
304102
308102
301103
305193
309103
302104
306104

- 310104
303105
307105
311105
304106
308106
301107
305107
309107

+20206D

+2060KC
+210R0A
+303BIL

‘+307JAC

+311HAR

+73343000
1.32061000
.85572000
.72571500
.60398000
.57272000
.05801500
.89282000
.51789000

.14570000.

+17683000
1.13200000
.26031500
1.67523000
06938000

2.790079000
1.05422000

19500000
.63850000
. 46862500
*,28100000
.79637500
01642500
222647500
1.19595000
.01495000
.54005000
.37570500
17070500
37580500
61362500

2.52721500
1.43226500
80231500

.

.12735000

.
.
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APPENDIX G, TABLE IX

SHADOW PRICES FOR OPTIMUM SHIPMENTS OF FEEDER CATTLE “FROM.SUPPLY TO DEMAND REGIONS USING
MODEL I ESTIMATED COSTS WITH TRUCK RATE OF $.60 PER MILE, 1970

201101 .7286799) 202191 .44388209 293191 .93717400 204101 1.34968200
205101 1.61583600 206101 1.19971609 207101 1.57733609 208101 2.21676400
209101 1.98219200 210191 2.70419899 211101 2.45128800 * 301101 .

* 302101 . * 303101 . 304101 .53500000 . 305101 .93500000
306101 .30500000 ©307101 .43000000 378101 | .54109900 309101 .57000000
310101 -33000000 311101 .588400045 * 212191 . 312101 .

201102 1.14032800 202102 .35896600 203102 .59381820 294102 .89002800
205102 1.29048600 206102 .53884800 207102 . 88324000 208102 1.55220400
209102 1.28071200 210102 1.56881800 211102 1.78672800 - 301102 .47000000
302102 - .48200000 303102 . 16000030 304102 . 32000900 305102 .35500000
* 306102 . 307192 .05500090 308192 .21100009 . 309192 .19500000
* 310102 . 311102 .28920009 * 212102 . 312102 .
201103 1.26744600 202103 .6503738%0 293103 .09145000 * 204103 .
205103 .30861200 . 206103 .47213600 207103 1.05097090 208103 1.02399200
209103 1.33029800 219103 1.26581890 211123 1.20867400 301103 .64000000
302103 .38700090 * 303103 . * 374193 . 305103 .18000000
306103 . 15500000 307103 .18599000 358103 .28190000 309193 .24509700
310103 .42000003 311103 +44590009 212193 .62000009 312103 .62000000
201104 1.79332400 202104 1.42546600 . 203104 .55825609 204104 - ,70678600
205194 .049949000 206104 .18762370 . 207104 .43232809 208104 .21521200
209104 .57320600 210104 .10976009 2111904 .29467200 301104 .85090000
302104 .87603009 303104 - .04509000 304104 . 38500000 * 305104 .

* 306104 . * 307104 . ’ . 308194 .97629000 309104 .02000000
310104 103000000 311104 .18500000 212104 .60500009 312104 .60500000
201105 1.70025400 202105 1.89542600 293195 .46518600 - 204105 1.26 350830
205105 .04547800 206195 .81818200 207105 76014630 298195 .22736400
209105 .69427200 210175 .09629899 211105 .15176000 301105 +73000000
302105 1.59320000 303105 .05000000 304195 . 71590000 * 305105 .

306105 .19000000 307105 .08000000 308105 .17100099 309195 +12000000
310105 . 32500000 * 311105 . 2121905 .59500000 312105 - .59500000
201106 2.11345200 202106 1.64775600 203106 .87838400 204196 .96599600
205106 .24823200 206106 +37299099 207106 +35002800 * 208106 .

209106 . 39676000 * 219196 . 211196 1.15567800 301106 97500000
302106 1.12000000 313106 .26500900 304196 +53500000, 305106 .10500000
306106 .07030000 * 317106 . * 308196 . * 309106 .

310106 .08000000 311106 .05000009 212106 - .61500000 312196 .61500000
201107 3.79331200 202107 3.44206800 i 233107 2,55824400 204107 2.76030800
205107 2.05731290 206107 1.67272890 207107 .99612809 208107 .11629800
209107 .94317600 * 210107 . 211197 .20314200 301107 2.51676600
302107 2.81776600 303107 1.91176699 304107 2.20176690 395197 1.74176600
306107 1.49176600 307197 1.26676690 308107 .36276600 309107 . +96676600
310107 .15676600 311107 -42676600 212197 1.57676699 312107 1.57676600

#* +201SPK - . * +2220GD . * +203BIL . . +204CIE .19179800

* +205PIE . * +2060KC . * +207JAC . +208LOU 39808800

* +209THM . +210R0A .13438000 * +211HAR . * +212DUM . .

* +301SPK . * +3020GD . * +303BIL . * +304CHE .

* +305PIE . % +3060KC . . - * +307JAC . % +308LOU .

* +309THM . * +319R0A . * +311HAR . * +312DUM .

TH%1




SHADOW. PRICES FOROPTIMUM SHIPMENTS OF FEEDER CATTLE FROM .SUPPLY TO DEMAND REGIONS USING

APPENDIX. G,. TABLE X

. .... MODEL II ESTIMATED COSIS WITH TRUCK RATE ‘OF $.60 PER MILE, 1970
201101 $72867900 202131 LAA3RR2D 293101 .93717490 204181 1.34968200
205101 1.61583600 206101 1.19971600 207101 1.57733600 298191 2.21676400
209101 1.98219200 219101 2.70410800 211101 2.45128800 * 301101 .

* 302101 . * 303101 . 304101 50500000 305101 .93500000
306101 -30500000 307101 43030000 308101 54100000 309101 »57000000
310101 +33000000 311101 .5884000) * 212101 . 312101 .

201102 1.14032800 202102 .358966990 203102 ° .53381800 204102 .89002800
205102 1.20048690 206102 .53884800 207102 .88324000 208102 1.55220400
209102 1.28071200 210102 1.56881689 211102 1.78672800 31102 .47000000
302102 .48200000 - 303102 - 16000000 394102 -320000009 305102 .35500000
* 306102 . 307102 .05509000 338102 .21109090 309192 .19500000
* 310102 . 311102 .289200090 * 212102 . 312192 .
201103 1.26744600 2021933 .65037800 203103 .09145330 * 204133 .
205103 .30861200 206103 .47213600 207103 1.053087009 208193 1.02399200
209103 1.33029800 210113 1.26581800 211103 1.20867400 301193 .64000000
302103 . 38700000 * 303113 . * 304103 . 395103 .18200000
306103 . 15500900 307103 .18500000 318103 .28199009 393193 .24500000
310103 .42000000 311103 .44500000 212103 .62000000 312193 .62000000
201104 1.79332400 202104 1.42546600 203194 .55825600 204104 .70678600.
205104 .04994000 206104 .18762000 207194 .43232800 208194 -21521200
209104 * .57320600 210104 .10076000 211194 .23467200 301104 .85000000
302104 . .87600000 303104 .04509000 304104 + 38500000 * 305194 .

* - 306104 - * 307104 . 318104 .07600009 32917 .02000000
310104 -03000000 311104 . 185000900 2121%4 .69500000 312194 .60500000
201105 1.70025400 202195 1.89542600 233195 .46518600 204195 1.26350800
205105 .04547800 206105 .81818200 207105 . 76014600 208125 .22736400
209195 .69427200 210195 .03629800 211105 .15176920 301195 .73000000
302105 1.59300000 303105 .05000000 394105 .71500009 * 305195 . ’
306105 .19900000 307105 .08000000 398105 17100000 309195 .12000000
310105 . 30500000 * 311105 . 212195 .59500000 312105 .59500000
201106 2.11345200 202106 1.64775600 203196 .B7838409 204196 .96599600
205106 +24823200 206106 .37299000 207106 .35002830 * 208106 .

209106 - 39676000 * 210106 . = 211196 1.15567800 301106 .97500000
302106 1.120600000 303106 -26590000 1304196 -53500000 305176 .10500000
- 306106 .07000000 * 307106 . * 308196 . * 309106 .

310106 .08000000 311196 .05000000 212106 .6159000% 312106 -61500000°:
201107 3.79331200 292197 3.44206800 293107 2.55824400 ¢ 204107 . 2.76030800
205107 2.05731200 206107 1.67072800 207107 .99612800 28107 .11629800
209107 .94317609 * 210137 . 211107 .20314200 331127 2,51676600
302107 2.81776600 303107 1.91176600 304197 2.20176630 305107 1.74176600 -
306107 1.49176600 397107 1.26676670 308107 96276607 399197 96676600
310107 .15676600 311107 42676600 212107 1.57676609 312107 1.57676600

* +201SPK . * +2020GD . * +203BIL . +294CHE 19170800

* +205PIE . * +2060KC . * +207JAC . +208L0OU .39808800

* +209THM . +210R0A .13438300 * +211HAR . * 4212004 .

* +301SPK . * +30206D . * +303BIL . * +394CHE .

* +30SPIE . * +3060KC . * +307JAC . * +398L0Y .

* +309THM . * +310R0A . * +3111AR . * +312DUM .

Jed
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APPENDIX ‘G, TABLE XI

SHADOW PRICES FOR:OPTIMUM SHIPMENT S,-O‘F‘ FEEDER ‘CATTLE FROM SUPPLY TO:-DEMAND REGIONS USING
. MODEL III ESTIMATED COSTS WITH TRUCK RATE OF $.60 PER MILE, 1970

201101 .72867000 * 301101 . 202101 .44388200 * 302101 .
203101 .93717400 * 303101, B 204101 1.34968209 304101 .50500000
205101 1.57035800 305101 - .93500000 206101 1.01209600 306101 -30500000
207101 1.22730800 307101 .43000000 © 208101 © - 2.21676400 308101 .54100000
209101 1.98219200 309101 +57000000 219101 2.70410800 310101 -46438000
211101 2.29952800 311101 .588400000 ©% 212101 P 312101 .
201102 1.14032800 301102: +47080000 202102 .35896600 i 302102 .48200000
203102 .59381800 303102 .16000000 204102 .89002800 304102 »32000000
205102 1.15500800 305102 . 35500000 206102 .35122800 * 306102 .
207102 .53321200 307102 ’ .05500000 208102 - 1.55220402 308102 »21100000
© 209102 1.28071200 - 309102 .19509009 210102 1.568818900 310102 »13438000
211102 1.63496800 . 311102 .28920000 * 212102 . 312102 -
201103 1.26744600 : 301103 .64000000 202103 .65037800 302103 .38700000
203103 R .09145000 * 303103 . * 204103 . * 304103 -
205103 .26313400 305103 . 18020000 206103 ’ .28451600 - . 306103 .15500000
207103 .70094200 307103 .18509000 208193 1.02399200 398103 .28100000
209103 1.33029800 309103 +24590000 210103 1.26581800 310103 © .55438000
211103 1.05691400 311103 +44500000 212103 .62000002 312103 .62000000
201104 ©1.78332400 301104 .850000002 202104 1.42546600 302104 .87600000
203104 .55825600 303104 .04500000 204104 . 70678600 304104 - .38500000
205104 . : .004456200 * 305104 . * 206104 . * 306104 .
207104 .08230000 * 307104 . 208104 .21521200 308104 .07600000
209104 . «57320600 309104 .02000000 210104 10076003 310104 .16438000
211104 . 14291200 311104 .18500000 212104 .63500000 312104 .60500000
201105 1.70025400 301195 ’ .73000000 202105 1.89542600 302105 1.59300009
203105 . 46518600 303105 .05000500 204155 1.26350800 304195 « 71500009
* 205105 . * 305105 . 206105 .63056200 306105 +19000000
207105 .41011800 307105 .08020000 208105 .22736490 308105 .17100000
209105 .69427200 309105 +12009000 210105 .09629800 310105 .43938000
* 211105 . % 311105 . 212105 +59500900 312105 .59500000 -
201106 2.11345200 301106 «97500300 202106 1.64775609 © 302106 1.12000000
203106 .87838400 303106 .26500000 | 204106 .965996090 304106 : .53500000
205106 .20275400 305106 .10502000 206106 .18537000 306106 07000000
* 207106 . * 307106 . * 208106 . * 308106 S
209106 +39676000 * 309106 . * 210196 . 319106 . +21438000
211106 1.00391800 311196 .05090009 212106 - 61500099 312106 .61500000
201107 3.79331200 301107 2.51676600 202107 3.44206800 302107 2.81776600
203107 2.55824400 303107 1.91176600 204107 2.76032800 304107 2.20176600
205107 2.01183400 305107 1.74176600 206107 1.48319809 306107 1.49176600
207107 .64610000 307107 1.26676600 . © 208107 .11629800 398107 - 496276600
209197 .94317600 309107 .96676600 * 210107 - . _ 310107 29114600
211107 .05138200 311107 42676600 212147 1.57676601 312107 1.57676600
* +201SPK . - % 42020GD. . * +2033IL . - - +204CHE " .19170800
* +205P1IE - * +2060KC . * 4+207JAC . +208LOU »39808800
* +209THM . * +210R0A . * +211HAR . * +212DUM B
* +301SPK N * +3020GD . * +303BIL . * +304CHE . .
+305PIE .04547800 +3060KC .18762090 +307JAC . .35002800 * +308L0OV .
* +309THM . * +310R0A : . +311HAR .15176009 * +31200M .

T



APPENDIX G, TABLE XII

.. SHADOW PRICES. FOR OPTIMUM SHIPMENTS OF : FEEDER CATTLE- FROM SUPPLY .TO DEMAND REGIONS USING
.. MODEL IV ESTIMATED COSTS. WITH TRUCK RATE OF $.60 PER MILE, 1970

201101 .72867000 202101 .44388200 203101 .93717400 204101 1.34968200
205101 1.61583600 206101 1.19971690 207101 1.57733600 : 208101 2.21676400
209101 1.98219200 219101 ’ 2.70410800 211101 2.29952800 * 212101 - .

201102 1.14032800 202102 .35896600 203102 .59381800 © 204102 .89002800
205102 1.20048600 206102 .53884800 207102 .88324000 208102 1.55220400
209102 1.28071200 210102 . 1.56881870 211102 1.63496800 . * 212102 .

201103 1.26744600 202103 .65037800 -+ 203103 .09145000. - * 204103 .

205103 .30861200 206103 .47213600 207103 1.05097000 208103 1.02399200
209103 1.33029800 210103 1.26581800 211103 1.05691400 212103 .62000000
201104 1.79332400 202104 1.42546600 203104 .55825600 204104 .70678600
205104 .04994000 206104 .18762000 207104 .43232800 208104 .21521200
209104 -57320600 210104 .10076000 211104 .14291200 212104 .60500000
201105 1.70025400 202195 1.89542600 203195 .46518600 204105 1.26350800
205105 : .04547800 - 206105 .81818200 207195 .76014600 : 208105 .22736400
209105 .68427200 210105 .09629800 * 211105 B T 212105 .59500000
201106 2.11345200 202106 1.64775600 203106 .87838400 204106 .96599600
205106 .24823200 206106 .37299000 207106 . 35002800 * . 208106 .

209106 »39676000 * 210106 . 211106 1.00391800 ’ . 212106 . +61500000
201107 3.79331200 202107 3.44206800 203107 2,55824400 204107 2,76030800
205107 2.05731200 206107 1.67072800 207107 .99612800 . 208107 .11629800
209107 .94317600 * 210107 . 211197 .05138200 ) 212107 1.57676600

* 301101 . * 302101 . * 303101 . . . 304101 +50500000
305101 .93500000 306101 .30500000 307101 . +43000000 308101 +54100000
309101° ~.57000000 310101 »33000000 311101 .58840000 312101 .

301102 .47000000 302102 .48200000 303102 .16000000 304102 +32000000
305102 .35500080 * 306102 . 307102 -05500000 308102 . +21100000
309102 .19500000 * 310102 . 311102 . .28920000 312102 .

301103 : .64000000° 302103 »38700000 * - 303103 . * 304103 . :
305103 .18000000 306103 .15500000 307103 . . 18500009 308103 .28100000
309103 .24500000 310103 .42000000 311103 .44500000 312103 .62000000
301104 .85000000 302104 .87600000 303104 .04500000 . 304104 : . 38500000

* 305104 . * 306104 . * 307104 . ’ 308104 .07600000
309104 .02000000 310104 .03000000 . 311104 .18500009 T 312104 .60500000
301195 . 73000000 302105 1.59300000 303105 .05000000 304105 «71500000

* 305105 . 306105 -19000000 307105 .08000000 308105 .17100000
309105 .12000000 310105 .30500000 * 311105 . - 312105 +59500000
301106 .97500000 302196 1.12000900 303106 .26500000 304106 .53500000
305106 .10500000 306106 -07000900 * 307106 B * 308106 .

* 309106 . 310106 .08000000 311106 .50009000 . 312106 .61500000
301107 2.51676600 302107 ©2.81776600 303107 1.91176600 304107 2.20176600
305107 1.74176600 306107 1.49176690 307107 1.26676600 : 308107 .96276600
309107 .96676600 310107 .15676600 311107 42676600 312107 1.57676600

* +201SPK . * +2020GD . * 4+203BIL . +204CHE .19170800

* +205P1E . * +2060KC . * +207JAC . +208LOU -+39808800

* +209THM . : +219R0A .13438000 * +211HAR . * +212DUM .

* +301SPK . * +30206GD . * +303BIL . * +304CHE .

* +305PIE . * +3060KC . * +307JAC . * +308LOU .

* +309THM B * +310R0A . +311HAR 215176000 * .

+312DUM

79T



. APPENDIX G, TABLE XIII1

" SHADOW PRICES FOR OPTIMUM SHIPMENTS OF FEEDER CATTLE FROM SUPPLY TO- _DEMAND REGIONS USING
" MODEL T ESTIMATED. COSTS WITH TRUCK RATE OF $.46 PER MILE, 1970

201101 . +23517500 202101 = ,11330500 203101 " 434713500 20410). « 73343000
205101 1.04409000 206101 .61959000 207101 . 277969000 . 208101 - 1.53813000
209101 1.05420000 210101 1.91169000 211101 1.60301500 % .2)2101 .
201102 .55072000 202102 .04821500 203102 - .0839u500 204102 +38109500
205102 . 72571500 206102 »11302000 207102 © . +24765000 208102 - 1.02873000
208102 +51650000 210102 1.04146500 211102 1.09361500 & 212102 e
201103 914929000 202103 .57272000 = 203103 . . T % 204103 .
205103 : . 34320500 206103 . .36301500 207103 «67735000 - 208103 +92497500
209103 .85564000. - - 210103 1.11034000 211103 .95165500 212103 +77637500
. 201104 1.20746000 202104 1.02191500 203104 .21289000 204104 | +38684000
& 205104 . . % 206104 e . 207104 .05822000 208104 +16010000
209104 . .13038500 210104 .07237000 211104 .10612500 212104 .61995000
201105 . 1.13954000 - 202105 1. 38557000 203105 +14437000 204105 -« 82700000

% 205105, e 206105 .48376000 207105 »31292000 ° . 208105 .17283500
209105 .22660500 -+ 210105 . .07237000 # 211105 . ) 212105 .61570500
201106 1.45771000 ’ 202106 1.19717000 * . 203106 46314000 2014106 +60039500
205106 . +15686000 206106 »14695500 = 207106 . = 208106 BRI

% 209106 . % 210106 .- 211106 . 77097000 212106 .63248000
201107 . 2,74536000 202107 - 2,57255000 203107 1.75073000 2043107 1.97577500
205107 1.54356000 206107 1.14170000 207107 +89525000 208107 .08914500
209107 © o .41884000 % 210107 . 211107 .0u083000 212107 1.36969500

301101 . = 302101 . = 303101 . ) . 304101 © .3uB62500

_ 305101 - .92005000 306101 . 30500000 307101 2141505000 308101 +52352000
309101 .55252000 310101 . 38030500 311101 +56763500 312101 L. .
301102 .47000000 302102 +48200000 303102 +16000000 304102 +16362500
305102 « 34005000 % 306102 . - 307102 04005000 308102 . .19352000
308102 +17752000, 310102 | .05030500 . 311102 . «26849500 312102 .

301103 " .79637500 - 302102 +54337500 303103 »15637500 % 304103 D
305103 . 32142500 306103 +31137500 307103 , «32642500 308103 = .41989500
309103 .38389500 310103 .62668000 " 31103 58067000 . 312103 +77637500

. 301104 . 86495000 302104 - 89095000 . 303108 .05995000° 304104 +24357500

% 305104 e : 306104 . .01495000 2 307104 . : 308104 .07347000
309104 .01747000 310104 .09525500 311104 ' +1792u500 312104 .61995000
301105 " 475070500 302105 . - 1.61370500 - 303105 .07070500 304105 .57933000
305105 - .00575500 306105 +21070500 307105 "« 08575500 308105 +17422500
309105 «12322500 310105 «37601000 # 311105 o 312105 .61570500
301106 .89248000 302106 1.137u8000 . 303106 -28248000 304106 . +39610500
305106 .10753000 306106 08748000 307106 »00253000 % 308106 .

% 309106 « 310106 .14778500 311106 01677500 312106 .632u8000
301107 2,30969500 302107 2.61069500 303107 1.70469500 394107 1.83832000
305107 1,51374500 306107 1.28469500 307197 1.04474500 308107 . 73821500
309107 . 74221500 % 310107 . 311107 .19899000 312107 1.36969500

% $201SPK - . % +2020GD . % $203BIL . +204CHE +23567000

+205PIE +11815000 % +2060KC : . % +207JAC . +208LOU T 64862000

+209THM © .06010000 +210ROA .4BU66500 +211HAR »30510000 = $2)2DUM N

# +301SPK T * +3020GD . # +303BIL - ® +30uCHE .

# 4+305PIE . * +3060KC . . 2 $307JAC N # +308LOY «

% +309THM . . % +310R0A . % +311HAR . : = +3)2DU .

S%l



.. APPENDIX G, TABLE

SHADOW PRICES FOR’OPTIMUM—SHIPMENTS;OF FEEDER CATTLE
MODEL II ESTIMATED COSTS WITH TRUCK RATE OF

X1V

FROM SUPPLY .TO DEMAND
$.46 PER MILE, 1970

REGIONS USING

*»

*

201101
205101
209101
201102
205102
209102
201103
205103
209103
201104
205104
209104
201105
205105
209105
201106
205106
209106
201107
205107
209107
301101
305101
309101
301102
305102
309102
301103
305103
309103
301104
305104
309104
301105
‘305105
309105
301106
305106
309106
301107
305107
309107
+2015PK
+205PIE
+209THM
+301SPK
+305PIE
+309THN

«23517500
1,04409000
1.05420000

+55072000

472571500
451650000
.94929000
. 34320500
. 85564000

1.20746000

+13038500
'1.13954000

422660500
1.45771000
+15686000

2.74536000
1,54356000
« 41884000

»92005000
«55252000
+ 47000000
+ 34005000
«17752000
+ 79637500
« 32142500
+ 38389500
« 86495000

01747000
» 75070500
+00575500
+12322500
«99248000
«10753000

2.30969500
1,51974500
« 74221500

- +11815000
» 06010000

»

L

L

202101
206101
210101
202102
206102
210102
202103
206103
210103
202104
206104
210104
202105
206105
210105
202106
206106
210106
202107
206107
210107
302101
306101
310101
302102
306102
310102
302103
306103
310103
302104
306104
310104
302105
306105
310105
302106
306106
310106
302107
306107
310107
+2020GD
+2060KC
+210R0A
+3020GD
+3060KC
+310R0A

11330500
61959000
1.91169000
04821500
+11302000
1.04146500
+57272000
36301500
1.11034000
1,02191500

«07237000
1.38557000
. 48676000
.«072370600
1.19717000

© »18695500

2,57255000
1.14170000

« 30500000
« 38030500
+ 148200000

.05030500
"+54337500
+31137500
.62668000
+ 89095000
014395000
08525500
1.61370500
+21070500
» 37601000
1.13748000
.08748000
+14778500
2,61069500
1,28469500

", 48466500

»

»

» »

ww

203101
207101
211101
203102
207102
211102
203103
207103
211103
203104
207104
21110%
203105
207105
211105
203106
207106
211106
203107
207107
211107
303101
307101
311101
303102
307102
311102
303103
367103
311103
303104
307104
211104
303105
307105
311105
303106
307106
311106

303107 -

307107

311107
+203BIL
+207IAC
+211HAR
+303BIL
+307JAC
+311HAR

+34713500
.« 77969000
1.60301500
.08394500
«24765000
1,09361500

67735000
+95165500

«21289000

.05822000
.10612500
+14497000

© .31292000

» 146314000

«77097000

1.75073000
«43525000
04083000
« 41505000
+56769500
16000000
04005000
«26849500
+15637500
« 32642500
«58067000
»05995000

17924500
07070500
.08575500

»28248000
»00253000

04677500

1.70469500
1.04474500
«19899000

. 30510000

© 204101
208101

% 212101
204102
208102

& 212102
% 204103
208103
212103
204104
208104

212104

204105
208105
212105
204106
208106
212106
204107

»

208107

212107
304101
308101
312101
304102
308102
312102
+ 304103
308103
312103
304104
308104
312104
304105
308105
312105
304106

% 308106

312106
304107
308107
312107
+204CHE

+208L0U _

* +212DUM
2 4+304CHE
% 4+308LOU
% +312DUM

73343000
~1.53813000
.38109500
1.02873000

«92497500

. 77637500
. 39684000
216010000
61995000
..82700000
17283500
61570500
60033500

63248000
1.97577500
08914500
1.36969500
. 34862500
52352000

»16362500
+19352000

»141989500
» 77637500
«24357500
+07347000
»61995000
«57933000

17422500

+61570500
» 39610500

»632u8000
1,83832000
» 73821500
1,36969500
+23567000
641462000

9%t



_ APPERDIX G, TABLE XV

SHADOW PRICES FOR OPTIMUM SHIPMENTS OF FEEDER CATTLE FROM SUPPLY TO DEMAND REGIONS USING

MODEL III ESTIMATED COSTS WITH TRUCK RATE OF $.46 PER MILE, 1970

.23517500 202101 11330500 2020102 .38713500 204101

205101 1,04409000 206101 61353000 20703 77963000 208101 . 1,53813000
209101 1.05420000 210101 1.93162000 221100 1.60301500 % 212101 ..
201102 .55072000 202102 2H821500 203102 08334500 204102 +38109500
205102 . 72571500 206102 211302000 207102 28765000 ~ 208102 1.02873000
209102 .51650000 210102 1.0%186500 211102 1.09361500. % 212102 .

201103 94929000 202103 57272000 = 203103 - % 204103 -

205103 . 34320500 206103 36301500 207103 67735000 208103 +92497500
209103 . 85564000 210103 1.11038800 211102 95165500 212103 77637500
201104 1,20746000 202104 1.0218150¢ 203108 «21283000 - 204104 +39684000

# 205104 . % 206104 . 20710% 05822000 - 208104 +16010000
209104 .13038500 210104 07237000 211108 +10512500 - 212104 .61995000
201105 1.13954000 202105 138557000 203305 .1%437000 204105 .82700000

* 205105 . 206105 HBET6000 207105 -31292000 208105 +17283500
209105 «22660500 210105 <07237000 : 2711105 - 212105 61570500
201106 1.u45771000 202106 1.19717000 203106 45318000 204106 «60039500
205106 .15686000 206106 18635500 + 207106 . % 208106 .

% 209106 . £ 210106 . 231196 -T7097000 212106 . .63248000
201107 2.74536000 202107 2.57255000 203187 1.75073000 204107 1.97577500
205107 1.54356000 206107 1.1817000 207107 R8525000 208107 .0891u500
209107 . 41884000 % 210107 - 212107 .0u083000 212107 1.36969500

% 301101 . #* 302101 . + 393101 . 304101 . 3u862500
305101 .92005000 306101 - ID500000 30701 51505000 -308101 .52352000
309101 .55252000 310101 .38030500 Erailn 56769500 312101 .

301102 47000000 302102 8200000 1WINO2 .16000000 304102 .16362500
305102 . 34005000 * 306102 . W02 05005000 308102 .19352000
309102 .17752000 310102 05039500 AN 26889500 312102 .

301103 .79 6F500 302103 SH33T500 303193 «15637500 % 304103 .

305103 . 32142500 306103 31137506 2307193 « 32682500 308103 .41989500 -
309103 . 38389500 310103 62668000 311103 58067000 312103 .77637500
301104 . 86495000 302104 +89095000 E il 05335000 - 304104 +24357500

% 305104 . 306104 ~DINIS000 £ 30708 - 308104 .07347000
309104 01747000 310104 ~09525500 311108 17924500 312108 +61995000
301105 75070500 302105 1.621370590 303105 07670500 304105 +57933000
305105 00575500 306105 21270500 WNS 08575530 308105 +17422500
309105 .12322500 310105 + 37562000 = 31105 - 312105 61570500
301106 . 99248000 302106 1.13752000 VA6 28248000 - 304106 +39610500
305106 .+10753000 306106 08748000 217106 .00253000 % 308106 .

* 309106 .- 310106 25778500 311106 08677500 312106 63248000
301107 2.30969500 302107 2.51063500 B07 1.70469500 304107 1.83832000
305107 1,51974500 306107 1.28852500 Euzaling 1.058574500 308107 +73821500
309107 74221500 4 310107 - . EVvsdir .19893900 312107 1.36969500

% $201SPK R % +2020GD . = $2037L . +204CHE «23567000
+205PIE +11815000 # +2060KC . 2 $207.70C . : +208L0U 64462000
+209THM .06010000 +210R0A JENEESOD +211BAR .30510000 % $212DU .

* $301SPK . % $30206D . : = $30MIL . % +304CHE .

* +305PIE . * +DSOKC . 2 $ITINC - 2 +308LOV .

* +309THM o % +310ROA . = +3NAWAR - T % $312DUH .

201102

» 73343000




APPENDIX G, TABLE XVI

SHADOW PRICES FOR OPTIMUM SHIPMENTS OF .FEEDER CATTLE FROM SUPPLY TO -DEMAND REGIONS USING
" MODEL 1IV. ESTIMATED COSTS WITH TRUCK RATE OF $.46 PER MILE, 1970

201101 +23517500 202101 +11330500 203101 - « 34713500 204101 . « 73343000

205101 1.04409000 206101 61959000 207101 « 77969000 © . 208101 1,53813000
209101 : 1.05420000 210101 . 1,91169000 211101 1.60301500 & 212101 © e
201102 +55072000 202102 . «0u4821500 203102 .08394500 ’ 204102 +38109500
205102 « 72571500 206102 +11302000 207102 © «24765000 . 208102 " 1,02873000
209102 +51650000 210102 - 1,04146500 211102 - 1.09361500 & 212102 . ’
201103 .94929000 ’ 202103 +57272000 % 203103 . ' * 204103 ..
205103 » 34320500 206103 « 36301500 207103 67735000 - 208103 +32497500
209103 +B5564000 210103 1.1103%000 211103 : 95165500 . 212103 «77637500
201104 - - '1.20746000 202104 1.02191500 203104 «21289000 204104 - .- 39684000
® 205104 . % 206104 . PO - 207104 .05822000 : . 208104 16010000
209104 »13038500 .- 210104 07237000 . 211104 - +10612500 ) 212104 - .61995000
201105 1.13954000 . 202105 1.38557000 203105 +14497000 204105 «82700000
* 205105 . . 206105 : 48676000 207105 «31292000 208105 +17283500
209105 +22660500 210105 .07237000 T % 2311108 . © 212105 61570500
' 201106 - 1.45771000 202106 1.19717000 203106 46314000 204106 60039500
205106 «15686000 206106 +14695500 * 207106 . N % 208106 .
® 209106 . . % 210106 . 211106 +77097000 - ) 212106 .63248000
201107 2.74536000 . 202107 ©2.57255000 203107 1.75073000 204107 1,97577500
205107 1.54356000 206107 1.14170000 207107 i 49525000 - 208107 .08914500
209107 . .41884000 * 210107 . . - 211107 04083000 212107 .1,36969500
* 301101 . % °.302101 . * 303101 : . 304101 X » 34862500
305101 ' +92005000 306101 « 30500000 307101 41505000 i 308101 +52352000
309101 55252000 310101 « 38030500 311101 " «56769500 312101 : .
301102 -+ 47000000 302102 . 48200000 303102 »16000000 304102 +16362500
305102 « 34005000 % 306102 . 307102 04005000 308102 .. +19352000
309102 «17752000 310102 - 05030500 311102 +26849500 312102 . . :
301103 + 79637500 302103 «54337500 303103 +15637500 ® 304103 . : ’
305103 » 32142500 306103 +31137500 307103 32642500 308103 +41989500
309103 : +38383500 310103 ... 4562668000 311103 .»58067000 312103 " 477637500
301104 - 86495000 302104 ’ « 89095000 303104 - 05995000 . 304104 . «24357500
®* 305104 . 306104 »01495000 % 307104 - . 308104 - «07347000
309104 »01747000 310104 409525500 . 311104 +17924500 312104 . . «61995000
301105 « 75070500 : 302105: 1.61370500 T 303105 | +07070500 : 304105 «57933000
305105 .00575500 306105 «21070500 307105 08575500 .~ 308105 » 17422500 -
309105 . +12322500 310105 .. «37601000 % 311105 . 312105 . +61570500
301106 +99248000 302106 . 1.13748000 303106 .28248000 ' O 304106 - © 39610500
305106 +10753000 - 306106 08748000 307106 . «00253000 . 308106 L. .
® 309106 . 310106 -+ 14778500 : 311106 - - «Ou677500 312106 '«63248000
301107 - .+ 2430969500 302107 2.61069500 - 303107 T 1,70469500 304107 . - 1.83832000
305107 1,51974500 306107 - 1.28469500 T 0307107 T 1.04474500 - 308107 ) «73821500
309107 « 74221500 & 310107 .« 311107 «19899000 312107 . - 1436969500
® 4+201SPK. . . * 42020GD . * 4203BIL . . © +204CHE . .+23567000
+20SPIE +11815000 * 42060KC L e . 2 $207JAC . 4208LOU ©-  .64462000
+209THM : 06010000 +210R0A <48u66500 ' +2]1HAR : + 30510000 % 4212DUM Y. ‘
% 4+301SPK . #* +3020GD . % +303BIL C e % 4304CHE e
% 4+305PIE . #* +3060KC. e £ +307JAC e - % +308LOU T
® 4$309THM - Te #* +310R0A . #* +311HAR - . - ® $312DUM .

8471



APPENDIX H, TABLE I

DEMAND REGRESSION EQUATIONS FOR 1970 -

149

*Significant at .05 level.

*%Significant at .01 level.

Region o S8 t
1. Spokane 1 533,800000  32.057143  4,279424  7.490995%%
2, Bakersfield" 1439,066667 - 130.742857 11.,465275 11.403377#%%
3. Ogden 142,733333 4.171429 .30086420 1,351543
4, Phoenix’ 533.000000 49,285714  4,379451 11,253857%%
5, Billings. 98.533333 4.,942857  3.,647457  1,355152
6, Cheyenne 84,133333  -4,371429 .778451 =5,615548%%
7. Denver 635.866667  72.,942857 12.700549  5.743284%*
8. Pierre. 538.266667 = 39.971429 16.909346 2,363866
9, Omahd 1731;933333 240.114286 29.722792  8.078457%%*
10. .Oklahoma City 440.466667 160.914286 - 7.912652 20.336328%%*
11. St., Paul. -921.133333 22.485714  6.967993 3.227000%*
12, Des Moines . 4096;533333' 100.800000 23.000041 4 ,382601%*
13. Jackson -12,500000 28.700000 4.705670 6.099025%%
14, Indianapolis 558,133333 14.200000 4.,513683 3,145990%
15. Louisville 169.000000 -14.000000 NA NA
16. Thomasville ~43,100000 . 65.500000 13.224598 4,952892%%
“17. . Roanoke’ NA NA NA NA
18. Harrisburg: - 154.,200000 —6.342857 1.027778 = 6.171427%*
United States" 11,727,4000000 981.600000 81.214109 12,086570%%
Years included iniestimates;-—'l960—65°



APPENDIX H, TABLE IT-

SUPPLY REGRESSION  EQUATIONS FOR 1970

150

Region o Sg t
1. Spokane 284.335779 27.755022 1.467673 18.910903#*%
2, Bakersfield’ 319.953096 12,122492 1.231057 9.847222%%
3. Ogden 229,846978 4,683683 . 743739 6.297482%%
4, Phoenix’ 567.393763  -.828665 38.808911 -.679263
5., -Billings 409,920814 20.594809 1.559056 13.209794%%*
6. Cheyenne: 235,920749 6.288684 .799081  7.869896%%
7. - Denver 342.326218 9.402663 1.044226 9.004433%*
8. Pierre’ 481.352454 48,749531 2.177465  22;388204%%*
9.  Omaha 1094,423519 45,.984243 5,116358 8.98769]1*%
10, Oklahoma City 2125.910384 76.226939 7.830925 9.734091%*
11. St. Paul 79.725711- 150866948 1:046840 15.156994%%
12. Des Moines 850,.389988 57.,023780 4,795946 11.889996%%*
13. Jackson 492,.134364 60.571274 4,715693 12.844618%%
14, Indianapolis 123.487717 13.598625 1.260425 10.788920%*
15. © Louisville 17.832848 35,545625 3.666019 9.695974%%
16. Thomasville 260.062331  28.206092  2.386485 11.819095%%
17. = Roanoke’ 88.094617 18.134637 1.132720 16.009814%%
18. * Harrisburg- 28,881931 5.028484 467833 10.748459%%
United States . - 8100.095567 481.592152 31,278197 15.397056%*%*
Years dincluded in estimates —— 1945-67.

*Significant at .05 level.

%%Significant at .0l level.
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