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Abstract:

The purpose of this study was to determine the feasibility of producer coordinated production and
processing activities. A linear programming model was designed to provide comparisons between
short-run returns from selling market hogs and short-run returns from selling carcasses. The spatial
framework was specified such that all pairs of regions were separated by given market prices,
transportation costs, processing costs, and handling charges for loading carcasses at defined collection
points. Theoretical considerations led to the conclusion that selling carcasses would become an
economically viable choice if the site-price for shipments made to carcass destination j exceeded the
site-price for shipments made to market hog destination j.

Production points were defined from the current: pattern of hog feeding within Montana and point
estimates or market hog supply were made from published sources. Processing firms that expressed an
interest in custom slaughtering hogs for Montana producers were contacted. Information was obtained
for point estimates of excess capacity and slaughter charges. Final destination points for both product
forms were enumerated and point estimates of demand were determined through buyer dnter-views.
Market hog and carcass prices were estimated for all destinations and transportation costs were
specified for all pairs of regions for both product forms.

The optimum solution was obtained through consideration cf alternative delivery routes. The results
indicate that net revenue would be augmented $2,540.35 per week by selling carcasses. If by-product
sales were made, net revenue would increase $5,089.39 per week. On a marginal basis, the results
indicate that a $1.56 per cwt. market price differential exists for this alternative.

The change in the current pattern of market hog sales to a system including hog and. carcass sales
indicated that processing at or near the source of production was important. In addition, the final
shipping pattern indicated that coordination between slaughterhouses and the ability to achieve a steady
flow of carcasses are sensitive to the available amount of slaughter capacity. The prevailing set of
shadow prices indicate that availability of slaughter capacity at collection and delivery points is
sensitive to changes in slaughter charges or changes in prices at coinciding market hog destinations.
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ABSTRACT

The purpose of this study was to determine the feasibility of pro~
ducer eoordinated production and processing activities. A linear pro-
gramming model was designed to provide comparicons betwean short-tun
returns from selling market hogs and short-run returhs from selling
carcasses.. The spatial frame rork was specified such that all pairs of

_regions were separated by given market prices, transportation costs,
Processing costc, and handling charges for loading carcasses at defined
cHllection points. Thecratical considerations led %o the conclusicon
that selling carcasses would become an economically viable choice if
the site-price for shipments made to carcass destination j exceeded the
gite-price for shipments made to market hog destination j.

Production points were defined from the current pattern of hog
feeding within Montana and point estimates of murket hog supply were
made from published sources. Processing firms that expressed an intevest
in ¢ustom slaughtering hogs for Montana producers were contacted. Infor-
matidon was obtained for peoint estimates of excess capacity and slaughter
c¢harges. Final destination points for both product foras were enumer-
ated and pcint estimates of demand were deteimined through buyex iater-—
views. Merket hog and carcass prices were estimated for all destinations
and transportation costs were specified for all pairs of regicas for both
piroduct forms.

The optimum solution was obtained through consider=tion ¢f alterna-
tive delivery routes. The results indicate that net revenue would be
aughmented $2,540.35 per week by selling carcasses. If by-product sules
were made, het revenue would increase $5,089.39 per week. On a marginal
basis,; the results indicate that a $1.56 per cwt. market price differ-
ghtizl exists for this alternative.

The ¢hange in the current pattern of market hog sales to a system
ineluding hey ard carcass sales indicated that processing at or near
the gourée oi production was important. In addition, the final chinping
pattérn indicated that coordination between slaughterhouses and the
abillity to achieve a steddy flow of carcasses are sensitive to the
available awmount of slaughter capacity. The prevailing set of shadow
prices indicate that availability of slaughter capacity at collection
and delivery points is sensitive to changes in slaughter charges or
changez in prices at coinéiding market hog destinations.




CHAPTER I

INTRODUCTION

. Foreword

Vertical coordination has been defined as "ar agreement between two
parties, one an ihput supplier to the other. resu}ting in the transfer
from one party tec the other, part or all, of managemen£ ccntrol, assets
or functions."l Vertic¢al coordination is a topic of consiaérable interest
among agricultural producer groups. They view verticalscootdinatigL as,
_first,'a means of capturing the rents that supposedly a;crue to middle-
men, and second as_a_méans of reducing price uncertainty.

On tne other hand, proceséors use Verticallcoozdingtion as a sub-
stitute for the coordinating function of price in the'Maiket system, to
achieve conﬁrol'over the timing and éuality of raw meterial supplies.

At a time when per capita consumption of pofﬁ is decreasing, in
spite of increasing per capita income, processor reaction to rerceived
consumer preferences may be particularly signifivant. Pork processing
firms are increasingly by-passing auction markets to obtain hogs_directly
from producers. As part of this qhange, spcecification buying on weight
and grade is increasing.%' In view of this, slaﬁghter plant location at

or near the source of production has become increasingly important.

Robert E. Schneidau and ILawrence A. Duewer, “Coordination: Defini-
tions and Projections--An Overview," Symposium: Vertical Ccordination in
the Fork Industry, p. 2. - '

)
“Ewell Paul Roy, "Contract Farming and Economic Integration: Hogs,"
Contract Farming and Economic Integration, Chapter 7.
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The corn~belt regicn has remained the major surplus-producing region,
while the Northeast and Pacific Coast regions have remained the major
deficit~producing areas. The major deficit-producing areas have not aug-
mented slaughter capacity but have increasingly become éngaged in importing
intermediate pork meat producﬁs from the Midweét region.3

2mong the eleven Western states, Montana is the .only surplus-producing
state. Production of market hogs increased frou 260,005‘head in 1969 to
400,000 head in 1971. 1In 197i, Montana ranked second among the eieven
Western states in liog production. Colorado ranked first with a produc-
tion of 604,000 head and Idaho ranked third with a producticn of 221,000

4 _
head.

. The present marlketing system in Monténa provides For transfer of

hngs from‘producers to buyers at auction mafkéts,rand directly fo packers
through buying stations and order buyers. From this point of transfer,
ﬁogs are elther shipped West for slaughter oxr slaughtergd in-state, then
distributed throughout the West as branded meat products and pork meat
cuts.

Although this marketing system has persisted, producers are seeking
alternative means for marketing pork. One alternative proposed Hy the

Montar.a Pork Producers Council is to coordinate production with custom

3Ibid.

4U. S. Department of Agriculture, Statistical Reporting Service and
Montana Department of Agriculture, "Hogs and Pigs," December 28, 1971,
"Meat Animals," April, 1972.
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slaughtering activities to process carcasses for producer sale to pork‘
buyers.on +he West Coast. fhis alfernétiﬁe is contingent upon accessible
slaughter capacity and returns from selling Earcasses relative tc returns
f;om selling market hogs. | |

The meat packing industry is characterized by substantial excess
capacity; Part of this excess capacity can be viewed as planned while. .
part can be viewed as unplanned. The planned component is that qapacity
which exists in ahticipafiqn of future market growth. The unplanned
component is that part which results from eithef unforeseen events or
faulty planning.5

Continuous year-round pig farrowing, year—round‘béef confinemeﬂt
feeding, and, in gené;al, increased efficiency in managcﬁent and produc-
tion techniques have reduced seasonality of production and siauéhter in

the - livestock industry. Consequently, slaughter capacity built to

‘handle seasonal slaughter has becdme pexrmanently unemployed throughout

the year. Further augmenting industry excess capacity are structural
changes in productign, processing, and distribution. As the écale of
pork production has expanded more prdducers are by-passing local slaughter
facilities and selling to large‘firms who distribute branded products

regionally or even nationally. The by-passing is; of course, the result

5 . . : . : .
R. L. Rizék, G.G. Judge and J. Havlicek, "Spatial Structure of the

Livestock Economy: III. Joint Spatial Analysis of Regional Slaughter
and the Flows and Pricing of Livestock and Meat," South Dakota Agr. Expt.
Sta. Bul. 522, Brookings, October,. 1965. . .
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of premium prices offered those producers who can supply a uniform
stream of qu;lity‘hogs.6 » |

Most of the slaughterhouses in Montana are old and émall and ‘were
o;iginally designed to accommoaate bhoth beef and pork-glaughter for ioéal
consumption. These firms may be cﬁaracterized by signifiéant excess
capacity because of their inability to become a steady supply outlet for
large producefs. fwo factors are important,'reduced'seasonality in pro-
duction, and the small‘plants difficulty in competing wiEh‘largerr‘more

efficient, slaughter.facilities.

Statement of the Problem'

Based éolel§ on the difference betwéen transportaticn cost from the
Midwesf region to the Pacific Coast region, and transportation cost fiom
Montana to the Pacific Coast region, Montana would appear to have an
advantage over the Midwest as'a supply source for carcasg huyers on the
West Coast. Whether or not Montana producers can inéreaséhfhei;,returns
through vertical coordination on a r;ther limited Scaie.such as that
discussed pféviously depehds upon the returns from Sellinétmarket hogs

‘at current outlets, availability of capacity for custom slaugh:iring. -and

custom slaughter charges, returns from selling carcasses at points on the

6Ibid. and Roy, op. cit.
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West Coast, and regional‘differenées in transportation costs for ship-
ments of both p;oductsl Specifically, this study is designed to aznswer
the following question:
"Can Montana pork producers increase their net revenue
total revenue less transfer costs) by using ekcess
slaughter capacity for custom slaughtering asarket hogs,

then selling the carcasses to buyers on the West Coast?"

Objectives
The.spécifié objectives of this study are:
1. to identify and enumerate Federally Inspected slaughter
. facilitiegé in Montana;
2. to establish fhe existence of, characteristics of, and
accessibility cof slaughter capacity, which ﬁight be used on
a custom basié by Montana liog producers;
3. to identify and enumerate final destination points.for ship-
ments of market hogs and shipments of carcasses;.and
4. to determine and compare the net revenue to hog producers

from sale of market hogs and pork carcasses.

Scope

The State of Montana is defined as the area_from which all produact
shipments originate. Marketing choices arc assumed to be.restricta@ to

two: market hogs and carcasses.
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-Destinations for market hogs and carcasses will bexaefinad.‘ Only

'thosé'destiﬁations for mafket hogs that gurrently‘serve as a .substantial
-gutlet for Montana produceré‘will be conside?éd. In view of the assﬁmed
importance’éf £hé difference in transportation costs between the Midwest

and the West Coast and between Montana and the West Coast in the marketinq

of carcasses; only those destinations where Montana has a distinct advant-

£

¢

age will be.selectgd for study.

One requireﬁent for custom slaughtering Hogs is that the facilities
be Federally Inspected since interstate meat shipments are subject to
Federal Inspection. The study also requires that processing capacify fox
custom-slaughfering be significant and accessible.

The market period used by this study is to be one week. Stgucture
and conduct in the pork meat industry would require that the entff of
Montana pork producers into the carcass market be baseé upon a unifoxm |
stream cf quality cércasses. This requiremént seems to impose no serious
problem as many Montana prodﬁcers currently pfactice year~roun§ farrowing.

Data used are from the calendar year 1971.

Pfoce@g;g
Since location is viewad as one of the must important factors
affecting p?oducers' returns, an interregipnai m&del,'providing for tfade
'in two product'forms, will be fofmulatgd.
. One portion of the model wili'provide for'ﬁarket hog snipmenﬁs from

- production regions to final destiration points. Production regions-
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production pcints will be defined from the éurrent pattern of hog feeding
within Montana. Supply estimates for the production points will then be
obtained from published sources. Final destination points for market
hogs will be classified in£0 auction markets, packer buying stations,
dealer points, and slaughterhduses. The number of hogs so0ld at each out-
let will be determined. Then, two or more outlets at one 1ocation will
be summed to determine point demand.

The other portion of the model will provide for carcass processing
and sale to destination points on the West Coast. Federally Inspected
slaughterhouses will he identified énd contacted to provide estimates of
excess capacity. Reguests will be fcr estimates of procéssing capacity
and cnrrent slaughtex rate. The difference, a non-neyative quintity, will
be a point estimate of excess capacity. Point estimates of processing
chargés will also be obtained. In view of the coordination difficulty
in obtaining full truckloads for shipments to final destination points
for carcasses, collection and delivery routes between slaughterhouses
will he spec;fied and provided for in the model. Final destination
points for carcasses will also be idegtified and specified for certain
locations on the West Coast. The number of carcasses demanded at each
point will be determined. Given market structure and conduct it will

be necessary to specify minimum and maximum product shipments for each

destination.
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Price and product shipment cost data will be obtained ffom pub—
lished sourcés. Prices will be synthesized for those locations where
time series data is unavailable. Different~modes of transpeifaﬁéon will
be considered and rates obtained will -be used to specify thé cos£ of
shipping both product forms bétwgen all poséible pairs‘of regicns.

After the results are obtained, sensitivity analysis will be made -
Equilibrium prices for all regions will bé estima@ed; ﬁhén‘subtracted
from the actual prices to.give some indication of thé.amount by which
aetual prices would change before selliné carcasses would o¥ would not
become an economically Viable‘qhoice. Additional sensitivity analysis
will be made through intefpretation of shadow éos£s‘and,shadow prices.
Finally, conclusioﬂs will be made using information provided Ly the
results from the model and takiﬁg into consideration the major lImita-

tions of the study.




CHAPTER II

THE MODEL

The Transhipment Model

The étandard transpcrtation model may be used to select thé‘most»
economical shipping rcutes for a single product bgtween m surplus regions
and n deficit regions. Order has shown that this model’ can be modified
to allow shipments to go via ahy seqﬁencé_of points;rather than being
restricted between specified origins and déstinations.%

King and Logan have used the “ranshipment model tc fird the—equilib—

. rium flows of beef and meat that minimize transportation and ?rocessing‘

Cést.z They have shown that this model can:bé ﬁsed to find the optimum
160ati§m of processing plant; through consideration of econémies oﬁ scale
ih pxo ing and assembly. A three—regioh example of this formulation
is preseﬁtéd inh Table'l. The matrix in Table I is'diVided into four sub~

atrices. Submatrices A and D proyide for raw product shipments from.
pféaﬁétion redions tb‘prOCessing regions and final_product.shipments

fréom processing regiéns tg éonsuming regions, respecti?ely. Submatrix B
ig h@t felé?aﬁt 8ince the model precludeé raw product shipments from pro-

duction regidns directly to ¢onsuming regions. Submatrix C provides for

lA; Orden, "the Transhipment Problem," Management Science, Vol. 2,
Ne. 3, 1956.

2

@ordon A. King and Samuel H. Logan, “Oﬁfimum'LOﬂafion, Number and
gizée of Processing Plants witH Raw Product and Final Prolhct Shlpments,

Journal &f Farm Ecdnbmics, Vol. 46, No. 5, 1964.
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TABLE I. THREE-REGION EXAMPLE OF TRANSHIPMENT MODEL.J

L]

Processing Region

Consuming Region

1 2 3 1 2 3 *
Prodluction Regions:
A B
1 Raw Product Not Raw Product
5 .
3 Shipments Relevant Supply
Processing Regions:
C D
1
2 Excess Final Product Processing
3 _Capacity Shipments Capacify
Processing Final Product
D.
| .
Capacity Demand

3Vernon G. Hurt and Thomas E. Tramel,

"Alternative Formulations of

‘The Transhipment Problem," Journal of Farm Economfics, Vol. 47, No. 3,.

1965.
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excess capacity. 1t shows the amount by wkich optimum slaughter differs
from processing capacity in each region.

The transhipment model can be expanded %o irclude more than one
level of processing and to allrw for prednction and processing of more

e i o » b ,

than one type of final product. It car ailso be modifiad tec include
inequality constraints and can be formulated to accommcdate seasonality

- ! 5
in product shipments.

Raw Produci-Final Product Spatial Equilibrium Model

The spatial equilibrium model differs from the transhipment model
in that activities and linear constraints are specified to formulate a
linear programming model. One advantage of this type of model is that
constraints differing from those specified for the ordinary transhipment
model mav be included in the formulation. The one major disadvantage is
that problem size is restricted to fewer regions than the number of

regions permitted by the transhipment formulation.

4

Ibid.

5 g " .

Mack N. Leath and James E. Martin, "The Transhipment Problem witn
Inequality Constraints," Journal of Farm Economics, Vol. 48, No. 4,
1966; Charles H. Kriebel, "Warehousin9g with Transhipment under Seasonal

Demand," Journal of Regional Science, Vol. 3, No. 1, 1961.
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Koopmans, Samuelson, and Fox used the spatial equilibirum model to
solve the transportation problem.6 Schrader and King combined the spatial
- aspects of the model with production and feeding activities to formulate
a model that was used to determine the regional location of beef tcattle
feeding.7 ‘Judge, Havlicek, and-Rizek used the'spétial équilibrium frame-
wérk to fofmulate-a model that accommodates multiregion, multiproduct,
and multiprocessing dimensions.8 A two-reéion example:of this model is
presented in Table II. It includes two primary producﬁﬁ and two- final "

k1 e
products. Xii and Xij denote amounts of the final and primary products

. . . Sk 1. «x ,
shipped from one region to another, respectively. di, S, sj are demand

for the final product k in region i, supply of the primary product 1 in
region i, and capacity available in the r~th processing plant in region i

for transforming product 1 into pxroduct k, respectively. For this .example

6T-jalling C. Koopmans and Stanley Reiter, "A Model of Transpbrtation,"
Activity Analysis of Production and Allocation, T. C. Foopmans (ed.),
Chapter XIV; Paul A. Samuelson, "Spatial Price Equilibrium and Linear
Programming,"” American Economic Review, Vol. 42, pp. 283-303, 1952;
Karl A. Fox, "A Spatial Equilibrium Model of the Livestock Feed Economy
in the United States," Econometrica, Vol. 22, No. 4, 1953.

7Lee P. Schrader and Gordon A. King, "Regional Location of Beef
Cattle Feeding,”™ Journal of Farm Egonomiés, Vol. 44, No. 1, 1962.

8George-c. Judge, J. Havlicek and R. L. Rizek, "An Interregional
Model: Its Formulation and Application to the Livestock Industry,”
Agricultural Economics Research, Vol. 17, No. 1, 1965.




TABLE II. EXAMPLE OF INTERREGIONAT, MULTIPRCDUCT ACTIVITY ANALYSIS MODEL.9

Flow and Producfiqn Activities

i 1 ) 2 2 2 3 3 4 4 icti
Internal Eqguation Xl Xl' x Xl % X X X2 % X X X Restrictions

Prices  Number 11 "12 f21 %22 fur faz far faa Myo Koy Ryp By
1 1
u] 1 1 a
1 1
v, 1 1 d,
5 (2) 5
vy 1 1 9,
2 2
: 1
J2 y 1 d2
3 31 31 32 32 3
—-a -a -0 - -1 -
Uy 1 " . 1 . 1
3 31 31 32 . 32 .3
Us - (3) % T R ==,
4 il _ A A2 e !
Uy 1 1 1 % 1
4 gt A2 42 4
U, - 2 "% 2 7% 2
. 5 I ! 52 52 E
Uy 1 "% -8y
45 (% _a52 _ 52 o522 S
2 z 2
6 81 _ L 52 _ 52 5
1. 1 1 Sy
S 62 62 _ 6262 "8
Uy L %y 7% ¢ "% “Sy
: T 11 1 2 7 3 3
€y €1 C2.C ¢ ¢ ¢, ¢,
+ + + + + + + + + + + +
1 .1 1 .1 2 .2 .2 .2 .3 .3 .4 a4
B %o Ty Fap By typ Byt By thy i, Ty

9 ..
Ibid.

€T
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i,j=1,2
k=1,2

l=3,4

r = 5,6

The simﬁlex method can be used to determine the flow of products
that minimizes total transfer cost or maximizes total net revenue. The
internal prices or shadow prices can then be interpreted 'as location
rents and'ihferences can be made as to what the relative profitability
would be from exﬁanding plant capacity in those‘regions where- slaughter
capacity was coﬁpletely utiiized. The shaéow costs can be interpreted
as oprortunity costs. They indicate how much\transéortatioﬁAco;ts'or
éroceSsing costs would havse to be reduced before slaughteﬁ capacity wcuid

be completely utilized.

Collection and Delivery Routes

The problem under consideration here has both transportation and
transhipmené features. Selling market hogs oﬁly requires shipments from
production points to demand points. Selliné carcasses réquires shipments
of market hogs from production pdints to processing points'for slaughter,
and then shipmenté of carcasses from processing points to démand points.
A model is sought that can accommodate both features.of,ﬁﬁe problem-and

provide comparisons between selling activities for market hogs and

'

selling activities for carcasses.
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In addition t6 the above characteristics, the model to be used must
aécoﬁmodate shipments between slaughterhouses for colleqtion of car-
" ¢asses. For Moﬁtana producers to obtain full truckloads for shigﬁént
to the finai destination the kill capacity of more than ohe élaughter
plant will be necessary in many cases. This can Ee viewad in the context
of the capacitated transportation problem. If delivery routes are
defined and the collection section of each route iz an exclusive are=z,
activities can be used to specify collection at point.3j on delivery
‘route i. Positive technological coefficients in the matrix would denote
out=shipments from slaughterhouses while negative coefficients would
denote in-shipments to the specified delivezy route. Material balance
gonstraints would then be used to denote product flows from specified

5 . . . 10
delivery routés to the final destination.

Linear Programming Model

Thé geéneral problem underlying the model formulation igs assumed to
have the foilowing characteristics. The Montana sector of the pork
indusE¥y is assumed to be perfectly competi%ive in both factor and
préauét markefsi In additién, demand is assumed to be éerfectly elastic
3t all points of destination for market hogs and carcasses.

OFOI a discussion of the capacitated transportation problem see
Hazvey M. Wagner, "Optimization in Networks," Principies of Operations
Reésearch, Chapter 6.
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Hog buyers are assumed to be indiﬁfereh£ betweecn supply sources

within Mdntané. The ﬁeat‘packing industry is,éssuméd to ‘be perfectly
'competitivé and each West Coast region meat packing plant is assuned te
purchase carcasses in a perfectiy cempetitive market. Each West Coast
region meat packing'firm is assumed‘to be indifferent between. supply
sources of carcasses_shipped f;om the Midwest and suppi& sources of
carcasses shipped from Mbntana.l In'addition; theée firms are assumed
to be indifferent bastween supply sources of carcasses within Montana.

It is assumed that there aré no inétitutional barriers tb trade
flows between regions for_bbth‘products. All possiblé’pairs of produg-.
tion peints anrd demand points for market hogs are assumed to be seﬁarated
by a giveu market price less transportation. cest. All possible paiss
of production points and processing points are assﬁmed'té be separated’
by a fransportation cost. The §nly costs incurfed at any collection
point are assumed.to be processing‘charges and stop chafges foer loading
carcaéses. All possible pairs of.delivery routes and final destination
points for carcasses are assumed to be separated by a givén maiket price
less transportation cost.

Supply of both market hogs and carcasses, demand for Hégs, excess
capacity'for custom slaughtering, and demand for carcasses are assumed
to be fixed for a-given time period. In other words, non—neéative
quantities of the raw product (market hogs}) Ere.pfodudeé in K produc-

tion regions, then shipped to (1-K) regions for sale, and/or non-
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negative quantities are produced in K production regions, then shippéd
to k regions fo; proééssing into the fi#al product (éafcaéseé),‘then
coilected via QAe of (M-L) feasiblg routés‘for'déiivery to dne of‘CN;M)
final product destinations. Markef prices are gi&en for all possible
regiéns and transpo}tation costs,‘processing charges, an@ stop chafges
for loading carcasses are assumed to be constant for thé aﬂouﬂ£ of
product‘shipmeﬁts._ Thus, the model can be formulated in a‘iinear.pro—
gramming framework.

The'fsllowing mathematical notatién is observed in.formulating the

linear model:

i,j = denote the regions from 1, ..., X,k+1, ..., K,K+1, ...,
L, I+, ..., M,M+1, ..., N;
xi' = amount of the raw product shipped between ragion i and
7 region i; o :
Yi' = amount of the final product shipped between r=gion i and
J region j; :
Si = quantity of the raw product produced in production region i;
dj = quantity of the raw product sold at demand point ;-
R. = quantity of excess processing capacity available in region j
J for custom slaughtering the raw product;
Dj = quantity of the final product sold at demand peint Jj;
. Pj = price in region j;
tij = transportation cost from region i to region i

cj = custom slaughtering charge in regidon o




is

s, = stop charge for loading the final product at collection point
J j; and )
a, = raw product yield per unit of final product. .

Using the notation specified above, the primal probleﬁ can be

expressed mathematically as

Maximize
, K L , K k 5. M
z= ) 1 e -eox.--L le.x. - L (e, +80Y,
i=1 j=k+1 - e TS B 5 Mt ot T, R O R 34
M N
+ ) o, - £, )Y,
i=I4l =Ml I
subject to
L k ‘ M _
(1) ) X+ ) (%5 = %50 + Y a¥; =8, foris=1, .o ks
s c j -
i 7L i) ]
L k )
(2) ) Xy ¥ ) X, = 8; for i=1tl, ..i, K
J=K+1 3=1
X .
(3) z X,., <d., for j = K+1, ..., L;
joq 13 3 ,
M
4 . a. Y., <R, for =1, ..., k;
@ i=x§+1”l‘3 b oeens
N k
(5) }oY.. -} in <0 fori=1+41, ..., M;
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6) ) Y., <D, for j =M+l, ..., N; and.
Ci=pal T

(7) Xij’ Yij z_O'for al; i and 3.
The primal problem is to determine.the flow of raw and finai products -
that maximizes net revenue subject to coﬁstréints (1) thréugh (7).

For 1 =1, ..., k, constraint (1) séecifies that out—shipmenﬁs of
_tﬁe'raﬁ product from region i to demand points plus out-shipments of #he
raw product from region i to other regiohs fo; slauvghter iesé in~-shipments
of the raw product from other regions for slaugﬁtér in fe;ion i plus out-
shipments of the final product from region i along defined delivery
routgs must egual the quantity of the faw product produced in regicn i. .

Constraint (2) is a céptinuation of constrain£ (1) for i = k+1,

eee; K. It specifies that out-shipments of the raw product from.fegion

i to demand points plus out—shipmenfs of the raw pxoduct from region i

to other regions for slaﬁghter must equal the quantity‘of the raw produét
produced in region-’i. |
) ¢
Constraiht (3) specifies that the amqunt of the raw pfoduct shipped

from other regions to demand point j must not exceed demand at destina-

tion j.

lThe assumption is made that production and broqessing regions are
synonymous for i = 1, ..., k. This constraint also requires that all
market hogs must either be sold or slaughtered then sold as carcasses.




20
" Constraint {4) specifies that the amount. of the.final product pro-
¢esséd‘in region j for shipmeﬁt’albng deiivery route 1 muét noz éxceed
the quantity of excess capacity available for custom slaughtering- in
region j. |

Constraint (5) is a material balance constraint for transferring
- amounts of the fiﬁal product from slaughtérhouses to deli&éry routes.

It specifies that the amount of the final product shipped from delivery
route i to final destination points must not exceed'ﬁhe émbunt of tﬁe‘
final product.collgcted along delivery route i. |

Constraint (6) is an upper-bound constréint on demand at final desti-
nation point j. It specifies that the amount of the.final product
shipped to déstination j must be less than or equal té demaﬁd.

Constrain£ (7) is a non-negativity constraint'on raw product and
final product shipments.

To clearly see the structure of the model as formulatgd, a problem
‘consisting of two prodﬁction-regigns, two destinations for the faw pro-
duct, QQO processing regions,. and one destination for the final product
is presented in programming format in’Tab;e I1r. The equation ﬁumbers
(1) through (6)_are consiétent with the cohstréints (1) throggh (6)
in the priﬁal problem. '

Initially, total supply is a;éumed'to be equél to total demand fér
all pairs of production regions and final de;tinafions fgr the raw pro-

duct. Thus, to allow product flows for processing and sale as carcasses .,

i




TABLE ITII. LINEAR PROGRAMMING TABLEAU FOE SIMPLE PROBLEM.
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the demend constraints for the raw product must be reversed from those
specified ia the ordinary transportation mcdel or transhipment model.
Reversing the demand constraints permits excess demand at each destina-
tion for the raw product. The optimum solution obtained would thus
define a diseguilibrium situation with regar? to present marketing alter-
natives if sales differed significantly from ovoint estimates cf demand.
In equilibrium, prices would be higher. The amount by which they would
be higher depends upon the elasticity of supplv and demand at the indi-
vidual outlet. Without estimating supply and demand functions, this
problem remains unresolved. Although this problem exists we conutinue

to assume that demand at each destination is perfectly elastic.

Product Form Choice in Spatial Analysis

Interregional product flows result from price differences that are
: P , 12 p
greater than the amount of transfer cost between regions. A two-region
example can be used to illustrate this principle. In Figure 1, back-to-
back supply and demand curves are given fcr each of two regions. A
single product is aszsumed to be produced and consumed at a single point

in each regicn. Assuming region Y is the exporting region, the supply

12 ) s X : :
For a discussion of interregional product flows in a linear prc-

gramming framework sce Paul A. Samuelson, op cit.
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Figure 1. Interregional Trade With Positive Transfer Costs.l3

13 : a ; e e ; ;
Raymond G. Bressler, Jr. and Richard A. King, "Price Equilibrium in Spatially
Separated Markets," Markets, Prices, and Irterregional Trade, Chapter 5.
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and demand curves are displaced upward by the amount ef the transfeur
cost from region Y to fegidn X. .This is represented in.Eigu;e 1 by thLe
amount tf Horizontal lines drawn through peint A end poiet B represent
prices that differ by an amount equal.to transfer costs. In the absence
of trade, the eite—price for ehipmente made to region X would.e%ceed
the market price in region Y. Consequently; traders would enéageain

arbitrage by transferring their supply from region Y t¢ region X. As

arbitrage occurs, the price in region X will decline and the price in

v

region Y will increase. This proceésﬂwill continue until combined -
quantity demanded equals combined quantity.éupplied or until excess
demand in region X equals excess supply in region Y. In equilibi;um,
lthe price in regien X would equal the price in region Y plus transfer
costs from region ¥ to region X.

These results may be generalized to the multiregion case. TUsing

the primal problem, the following Lagrangian can be formed:

I = g §(Pj -t % - g thijxij

_.g g(cj sy,
‘ S - - S %) -
JZ(Pj - B )Y TSy o 2K :Z](x X.,) = Ja,y. )

a ‘ R ' '
+u.(d, - )X,.) +y. (R, - j)a.¥Y, ) +u. (Y., - )¥Y..)
uJ( i g-lj U3ty g 3Ti3 i § ij . )

+

D
u. (b, ~ )¥..)
J . J - g‘ll




where
Hi = denotes the value of the product at supply point i,
U? = denotes the value of the raw product at'éegand point j{
U? = denotes thg value of the product at processing péint.j;
Ui = denotes the value of ;he product at delivery point i; and
U? = deﬁotes the value of the final product at deﬁand point j.

The necessary conditions for net revenue maximization can be derived

if the following conditions are met:
(1) net revenue is a continuous function of the

for both ﬁroduct forms,

(2) the obiective function 1s concave, and

{3) +theconstraint ﬁunctiéns are convex.

Denoting optimum values by bars and making use of the

the necessary conditions for net revenue maximization

14
folliows:

(8) aL/aiij = (- tg) -ty - Gi - Gi + Ei -
QLR R, = (B = ) = &, -5 - 0
(9) BL/BY,, = ~(og + 8) + (By = t,.) - aiﬁi -
-2 <o,
P

14 . ‘o , . .
Michael D. Intriligator, "Linear Programming,"
mization and Economic Theory, Chapter 5.

amount shipped

Kuhn-Tucker theorem,

can be stated as

f]-d <'Ol

5 2

+ 3% - THR. = 0;
1 J 1]

a4+ 0. -0,

Mathematical Opti-
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=S =R

(OL/3Y. )T, . = (~(a. +8.) + (P. ~£..) —a.0° - a.
F / 13) i3 = ey 39 * By , i) T A% T %Y
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-d -
(11) - 8n/3U, =d, - }X.. *» 9
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Y

(BL/ATHTE = (R, - Ja,¥, )T = 0;
J 3 J PR S O R |

1

: dL/3U. = }Y.. - )¥Y.. >
(13) 9L/3U, §Yij § R

(301,/30,) 0, = (Zyij - X¥,.)U, = 0;
‘ J
_D -—
8L/9U. =D, - }Y¥,. > 0,
(14) 2L/2U; = D, g 3520

Coamdesd o os ~
(3L/3U ;U = (D, ZYij)U. 0.

Conditions (8) through (14) spell out the-characteristics”of the rent
éystem that are consistent with an efficient allocation program. The
first part of conditions (8) and (é) specify that values (rents) for
. two regions can equal at most the market prilce less trangpo;tation cost;

and that the values for two regions can differ at most by the transfer
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cost. The second part of ﬁhese conditions specify that flows only take
place when the values fbr two regions equal the ﬁarﬁet price.less trans-
portation cost; and flows only take piace’when valueé for two regions
differ by an amount equal to-tfansfeiiqost: Conditioﬁs (iO) through {(14)
specify that Values may exceeé zexro only if the-regiénal net availability -
is zero. The optimality conditions spelled out by (85 through (14) can
‘therefore be viewed as those being consistenf'with the zeio profi£ condi-
tion of competiti&e equilibrium.15
The conditions specified above can‘be-restafed in terms of market

prices and transfer costs. Assume that

- ~s  =d

(15) (3L/9%, . |X..=¢) = (P, -t ) - U, =0, =0,
13y L3 1 J 1] 1 J
- - - =S
3 91./9 X, =2¢C =~t , ~-U,  +U, =0
(163 (9L/ xij 15 2) i3 Ul Ul ;
(17) 188 9., =C) =-(¢, +S,) -~a,0°5 -0+ 0, =0
iil74i3 3 3 3 i 3 it !
(18) (dL/9%.. |¥..=cC) = (. - t,.) - U, - 0% = 0, and
iji7ij 4 j ij i J '
(19) .., .., 05,08, 6, 0,0 >0
ij ij i i i oi 3
whereé,
C. = denotes the optimum amount shipped from production-
point i to demand point j,
15

For a discussion of optlmallty conditions in a sputlal equlllbrwum
framework see Judge, Havlicek and Rlzek, op c1t .
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C, = déenotes the optimum-amount shipped from production
point i to processing point j;

C3 = denotes the optimum amount collected at point j on.
delivery route i, and

C4 = denotes the optimum amount shipped from delivery route

i to final product destination j.
Solving equations (15) through (18) simultaneously, the following result

is obtained:

(P, — £,.) - (C. +8,) —a.t,, —a, (P, —t..) =%+ 0T° - a.0%
J 1] 3 J i1ij L] 1] J J J 3]

The resulés obtained from the two-region case are confiymed for the multi-
region case. In equilibrium,'assuming competitive market conditions hold,
the rernt differential would equal zero and the site-price for shipments
made to final prodgct destination j would equal the site-price for shin-
ments made to raw product destination j. If the reht differential is
positive, shipments will be made to final product destination j. If the
rent differential is negative, shipments will be made to raw product
destination j.

These results show that the model as formulated prevides a compafi—
son between selling activities for mérket hoés and selling activities
for carcasses. Selling carcasses is feasible provided that the site~
price for shipments made to final destination j exceeds the site-price
for shipments made to raw product destination j. |

The conditions (8) through (14) can be reformulated to define the

- dual problem. The dual is expressed in mathematical format as
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Minimize .

-~

w = Ju,s, + JU.a, + JU.R, + LU D,

subject to ’ : . ’ o
200 vS+0%>p,. fori=1 K § = 41, .n., M;
i‘. j.... ij roeey r J"' ‘ ;1 eeayg H

(21) Ui - U?i ~ty for i=1, ..., Ki 3 =1, «vuy ki,

s R . o
(22) aiUi + ajUj - Ui.z'—(cj + Sj) %or i, 3 =1, «..7 k;
i= 1+, ..., M;
D
3.

(23y u, +U, >P,, for i = I+, ..., M; j =M+, ..., N; and

13
’ S d R D
(24) Uif Uj' Uj' Ui' Uj

> 0 for &ll i and j.

One wéll—known resul£ of any linear optimization problem is that the
optimum solution to the dual equalé the optimum solution to the primal.
This follows from the duality theorem in linear programming. The opti-
mum solution to the dual thus defines the zero profit conditioﬁ of compe;
titive equilibrium. Once the optimum solution to the primal problem is
obtained,_the dual can be used.tp estimate-the equilibrium prices |
éssuming inelastic demand at ‘all points. Then'thg prices used to obtain

- the partial equilibrium solution can be compared with the eqﬁilibrium
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\prices to determine how'ﬁuch priceg would havé té be ;néreased or
&ecpéaséd before equilibrium wgs.restored.16

Assuming perfectly competitive ﬁarkeﬁ conditicns, the.feasibility
conditions outlined above wouid.only exist in the short-run. 1In tﬁe
'loﬁg-run the rent.differentiéis for'alljéctivities woild equal zéro.
Where the rénts would accrue depends upon which rescurce is reéarded as
the‘specialized fiﬁed factor in the markefing éystem. Although pro&uc—
tion may be viewed és a specialized fixed-factor, soﬁe producers, seeing.
the large profits made by other firms, would competz for this activity
until the rent differential was‘equal to zero. _Althéugh custom slaugh-
’ tering may be viewed as a specialized fixed factor, there ma§ exist an
incentive for slaughterhouses to'devote élaﬁghter capacity pfgsently
.used in other activities to custom slaughtering. In addition, non-
ngerally Inspecﬁed facilities could take the necessary steps to become
Federally Inspected. Carcass buyers could also be viewed és the spec-
ialized fixed factor. lowever, as loné as they ogtain.carcasses at a
cost less than or equal to the cost of obtaining carcasses from other

_sources, potential competition by other buyers or arbitrators would exist.

16Robert Dorfman, Paul A. Samuelson and Robert M. Solow, "The
Transportation Problem," Linear Programming and Economic Analysis,
Chapter 5.
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It cannot be concluded which resou?ce would be the specialize§ fixéd
factér since this étatic analysis does not accommodate the dynamics of
.the.situétion. Nevertheless, it can bé'conclﬁded théf the distribgtive
shares to tﬁeﬂdiffefent resources are detérmiped by the functional framééi
work outlined above and in eqﬁilibrium,Aasstming-éompetitive market cénw
ditions held, long-run profit ﬁould equal zero.

Since the model is formulated from thg'viewpdint of &1l producers,
the  conclusion above may not apply to ihdividual proaucers. Individual -
produce?s may increase their returns frowm selling carcasses because this
type of marketing éystem provides for specification buying on weight and
grade as opposed to the present marketing system which QOes not. .Conse-
quently, irdividual returns could be augmented although it cannot be

inferred from the solution to this problen.

7 _— P
l'F‘or a discussion of differential cost conditions and rents see
Jzmes M. Henderson and Richard E. Quapdt, "Market Eguilibrium," gicro—
economic Theory, Chapter 4.




CHAPTER III

BASIC .DATA

The model specified in Chapter ITI .requireg-the following data:

(1)

(2)

(3)

(4)
(3)

(6)

'

productioﬁ points and sSupply data;
processing points-and‘péint estimates of excess capacity and
slaughter éharges;

final destination points for market hogs and carcasses and
point estimates of-demand for ail destinations;

prices at all destinations for market hogs'and carcasses;
transportation costs for tranéfer of market hogs between all
pairs of prodﬁction points and final destination points, and
transportation and stop charges»for,transfer of carcasses |
between all pairs of processing points anﬁ final destination

pbints.

Production Regions

Market hogs are produced in all 56 counties of Montana. Production

is not uniformly distributed across the state, but is concentrated in

specific localities. The linear program used is restricted to 1,000

activities. Given the number of selling and slaughter activities an

upper limit on the number of prcduction points is placgd at 30. The 30

poiinics used were defined with the assistance of the Swine Production

Specialist, wounty Agricultural Exteasion Agents, and hog producers.

.

The " 30 productioh regions and points are shown in Figure 2. FEach defined

point is the locality of most concentrated hog production within the
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region. The total supplf at each producticn point is the sum of thé
supply from each county within the production region.
Hog supply by county for 1971 was estimated from 1969 data. Tﬁe
manner in which the estimates .were obtained islag follows:
(1) Feeder pigs from each ccunty were .subtrdcted from the number
of hogs sold from each county. This was done to avoid double
Eounting of sales;
(2? Market hog sales by county as a percentage of total market
" hog sales for 1969 were estimated;
(3) These pe?centages were multiplied by total Montaﬁa hog produc-
tion for 1971 to determine supply by county;2 and
(4) County suyply estimates were divided by 50 to obtéin the
average number of market hogs sold per week. 2mount sold from
:each county was then expressed in hundredweight by multiplying
each estimate by a factor equal to 2.35.3

The estimates of market hog supply at each production point are

presented in Table 1V,

lNo attempt was made to separate boar and sow sales from the total
because the amount of breeding stock sold for replacement is usually small
in relation to the scale of production.

2The assumption is made that each county’s percentage of the total
remained the same between 1969 and 1971.

3The average weight of market hogs sold in Montana, 235 pounds, was
obtained from survey data.
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TABLE IV. PRODUCTION POINTS AND POINT ESTIMATES OF MARKET HOG ‘SUPPLY._*

Average Amcunt

" Constraint Production _ Produced ver
Numbex Point Counties Week (cwt.)

1 Dillion ' Beaverhead, Deer Todge, 371
Silverbow :

2 'Hardin Big Horn 700

3 © Great Falls Cascade 242

4 Glendive Dawson, Wibaux "277

5 Lewistown Fergus, Petroleum 1,636

6 Kalispell Flathead, Lincecln 987

7 Bozeman Gallatin, Fark 1,310

8 Havre ‘Hill, Liberty 665

9 Chotean Teton, Pondera 983

i0 Shelby Toole, Glacier " 604

11 Chinoox Blaine 597

12 Roberts Carbon 606

13 Ft. Eenton Chouteau 428

14 Miles City Custer, Powder River, 437’
Prairie : ‘

15 Madoc Daniels, Sheridan 818

16 Deer Lodge Powelil, Lewis & Clark 360

17 Plevna Fallon, Carter 350

.18 Ronan Lake, Sanders, Mineral, 529

Missoula
19 White Sulphur Meagher, Broadwater 738
Springs :

20 - Malta . Phillips 564 .

21 Hamilton Ravalli, Granite 458

22 Sidney Richland, McCone 583

.23 Poplar Roosevelt 522

24 Sand Springs Garfield, Rosebud 320

25 Columbus Stillwater, Golden Valiey 837

26 Big Timber Sweet Grass 404

27 . Hinsdale Valley 569

28 . Shawmut Wheatland, Judith Basin 606

29 Ballantine Yellowstone, Musselshell, 616

: Treasure P
30 Twin Bridges Madison, Jefferson 488
Total ' : . .- 18,605

*Source: U.'S. Department of Commerce, Social and Economic Statistics -
Administration, Bureau of the Census, 1969 Census of Agri-
culture: Montana, Sec. 2, County Data, May, 1972.
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Processing .Regions

Slaughterhouses were first identified as Federally Inspected. They
were further classified according to-their willingness to provide custom
slaughtefing services.for Montana producers. Point estimates. of excess
capacity and custbm slanghtering charges were then cbtained through pef—
sonal interviews from those willing to participate.

One procedure for estimating excess capacity is to first detérmine
slaughter capacity by multiplying the hourly slaughter ratec by the total
number of hours that can be worked, given the existing iaﬂor force. Then,
determine the actual number of hours Qorked and multiply times the hourly
rate to estimate actual slau:ghtfer.4 The difference between the two is
a point estimate of excess capaqity.5

In view of the nature of the plants surveyed, additional charac-
teristics were considered before outlining a procedure for obtaining
estimates of excess capacity. Oné characteristic of Montana slaughter—-
houses is that they are small. Thus, actiVitigs are uéually not speci-

alized but are diversified in both pork and beef slaughter. Another

4Actual number of hours worked can be determined on a monthly basisg
to account for seasonality in slaughter.

5R. L. Rizek, G. G. Judge and J. Havlicek, “spatial Structure of the
Livestock Economy: III.- Joint Spatial Analysis of Regional Slaughter
and the Flows and Pricing of Livestock and Meat, South Dakota Agr. Expt.

Sta. Bul. 522, Brookings, October, 1965.
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characterisﬁic is that only a few aays.out of the week are devoted to
slﬁughter while the remaining days are.devoted to cutting meat. Conse-
quently, estimates of storage capacity.and slaughter capacity may differ.
In view of these characteristics, the manner‘in which.?he estimates werce
obtained is as follows:

(1) number of days per week devoted to slaughter, giVen the
existing plant size and labor force;

(2) number of hogs that could be slaughtered or stored as carcasses
per day less average amount of non-pork slaughter or storage
per day{'

(3) average number of hogs slaughtered per day; and .

(4) difference between (2) and (3) multiplied'by (1} is then
a point estimate of average weekly excess capacity.

In total, 28 Federally Inspected slaughterhouses were identified.?

Of the 28, only 14 expressed an interest in custom slaughtering carcasses
for Montana producers. Significant excess capacity was found to exist
in 11 of the 14 firmg. Alﬁhough three of the firms were exfluded from
_anaiysis on this basis, additional consideration should be inen to them
if the results indicate producers may gain from seliling éaicasses. If

the imputed value of slaughter in that region exceeds returns from other

6State of Montana, Department of Livestock, Animal Health Division,
"1972 Licensed Slaughterhouses." ’
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activities an incentive for slaughterhouses to devote additional sltaugh-
tér éapacity for custom slaughtering exists.

Point estimates of excess capacity for the 11 firms are shown in
Table V. Two slaughterhouées are located at one locality. Thus, the
estimates of excess capacity for these plants weré combined. For niné.
firms, storage capagity was synonymous with slaughter cawacity. Howe&er,
for two firms, slaughter capacity was foundlto be less than storage

capacity, because additional labor and/or a full-time meélt inspector

‘would have to be hired to completely utilize storage. For these two

firms, slaughter capacity was viewed as the congtraint determining total
capacity. |

Point estimates of slaughtering charges were obtained concurrently
with estimates of excess capacity. Although consideration wés given +to
estimation of short-run average cost functions, no effort was expended
on this endeavor. The slaughter facilities are not producer-owned.
Consequently, the profit-maximizing rates and minimum cost rates may

differ. Instead, the quoted custom slaughtering rates were obtained for

.use as point estimates of slaughteér charges. These charges are expressed

in dollars per carcass hundredweight and are shown for each processing

region in Table V.

Final Destination Points for Market Hogs

Outlets for market hogs are generally classified into auction

markets; packer buying stations, and dealer points. Auction markets
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OF EXCESS SLAUGHTER

CAPACITY AND CUSTOM SLAUGHTERING CHARGES.*

.Average Weekly

Processiné Charge

Constraint Processing Excess Capacity
Numbexr - Region (cwt.) ($/carcass cwt.)

49 Dillon 188 3.03
50 Hardin 140 3.64
51 Great Falls 940 3.03
52 Glendive 235 3.03
53 Lewistown 175 3.03
54 Kalispell 200 "3.64
55 Bozeman . 118 4.55
56 Havre 353 3.03
57 Chotesu 353 2.42
58 Shelby 106 3.03

*Source: Information obtained through personal interviews with

slaughterhouse managers.
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provide marketing services for livestock producers. Thé_cost of main-
tﬁining auction mérkets is coveéed by ;ervice fees and markétipg margins.
Packer buying sfations aﬁd country dea;er points are establiéhed'by
pgrent organizations. These organizations sort and assemble truckloads
of uniform classes of hogs from sbecified iocations for shipment direc£ly
to fhe packer. Their earnings are obtained. from a priﬁe spread——fﬁe
differgnce between the prices received from the packerg and the cost of

-

the'hoés,'the prices paid to the producers.7 .
The'type'of‘bréahiZations described above are prevélent in most
major producing areas within Montana. In addition, some- market -hogs are

sold direqtly to slaughterhouses. There are numerous small slaughter-
houses iﬁ Montana that engage in both pork and beef slzughter. Their
procurement practices are generaily restricted to at-plant purchases and’
purchases at auctions. Volumeé is usually‘so:small as to preclude estab-
lishment of country buying'ppints;~

Fourteeh‘auction markets, 6 packer buying stations, 13 oxder buyers

. ... .8
and hog dealers, and 28 slaughterhouses were identified.

7Emer E. Broadbent and Steve R. Perkinson, "Cperational Efficiency
of Illinois Country Hog Markets," Illinois Agr. Expt. Sta. Bul. 110,
Champaign-Urbana, May, 1971. ‘ -

8Montana Auction Market Association; State of Montana, Department
of Livestock, Animal Health Division, "1972 Licensed Slaughterhouses;"
Ctate of Montana, Montana Livestock Commission, "Licensed and Bonded
Livestock Dealers," October, 1971. i 4
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Total hog sales at auction maricets were <btained on a monthly basis
between Januacy 1971 and December 1971. The toial number at each outlet
“included feeder and weaner pig sales.9 Sc the number of feeder and
weaner pigs sold at each outlet was subtracted from the total number to
determine market hog sales du?ing l97l.lo

Six packer buying stations, owned and operated by one meat packing
plant, were identified. Market hog purchases were enumerated on a monthly
basis. Purchases made at adjacent auction markets.and from hog dealers
were recorded -in other categories to avoid double-counting.

Purchase data.from six order buyers and hog dezlers were obtained
on an annual basis. Market hog purchases here separated from fzeder and
weaner pig purchases. Then market hog purchased wers classified into
direct and indirect purchases. In addition, the final destinations of
shipment were identified so that double-counting gould be avoided.

Information from 19 slaughterhouses on market hog-purchases was
obtained concurrently with information on excess cipacity. Data obtainad
were purchases made directly from Montana producerg.

After chese numbers were ohtained, the outlets were identified by

locations to determine the number of destination points for market hogs

9 . e ' . . .
Some auctions classified bhoth as feeder pigs, while others
separated the two,

1

The assumption is made that feeder and weaner pigs were sold at,
designated market hog destinations during 1971 and that sales were
uniform throughout the year.
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sold at each point. There were 25.destinations with total sales of
4i1,500 market hogs. This total 'exceeded estimated préduction by'lIESOO.
To adjust total ‘sales to total production, each poiﬁt's relative pefcent—
age of the total was estimated, then .multiplied by 11,300, and subtracted
from the total. Next, thesé'fotals were divided by 50 and multiplied by
a factor of 2.35 to determine the average cwt. of market hogs sold at
each destination per week during 1971.ll Seven of “he destinations were
significantly small in relation to the other points.- Thus, each point
was eliminated and market hog sales were subtracted from the amount of

hog supply at fhe coinciding or nearest producticen point. The remaining

18 destinations for market hogs are presented in Table VI.

Market Hog Prices

.Point estimates of market hog prices oﬁ grades 1l-4 were obtained
f¥om time series data for 5 of the 18 destinations.12 The average
monthly price at each destination was estimated, then an average of the
monthly prices was compufed. Time series data on érices for the remaining
13 pnints were rot available. Thus, point estimates of market prices for

these destinations had to be made.

llThe assumiption is made that sales occur uniformly throughout the
vear.

l2Time ser.les dala on prices was only complete for April, May,
June, July, August, October, November, and December cf 1972,
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TABLF VI.. FINAL DESTINATION POINTS FOR MARKET HOGS AND POINT ESTIMATES
: OF DEMAND AND MARKET HOG PRICES. *

Constraint Raw Product - Average Amount Average Market
__Number Destination Sold Per Week (cwt.) Price ($/cwt.)
31 Billings : 6,413 26.00
32 Sidney 1,496 26.00
33 Glasgow 1,419 26.20_
34 Wolf Point : 280 25.90°
35 Baker 625 . 25.90°
36 Glendive 141 25.70°
37 © Missoula 411 _ 25;402
38 Bozeman 195 ) 25.60
39 Great Falls 461 25.507
40 Hamilton 179 25.QOé
41 Shelby 543 25.40
42 . Butte 531 ' 26.30
43 Kalispell 1,079 27.-70a
44 Havre . 1,685 ?5.60_
45 Manhattan ‘ 804 ' 25.702
46 Conrad 423 25.50_
47 Lewistown 1,807 : 25.70;
418 Hardin 113 25.80
Total 18,605 .

aSynthesized price data using Billings as a.base.

*Source: Information obtained through personal interviews with hog
buyers and Earl Peace, Swine Production Specialist.
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Billings is significant;y large in relation tc the'éther.destiha—
tions. In addition, one buyer at Billings purchases a'sﬁbstantial nanbex
of hogs ;t other defined‘poinfs. This would tend to suggest that prices
at the other destinations are.derived .relative té the Eillinés price.
Since no information has been'provided to indicaté the contrary, it is-
assumed that the price at each destination‘is competitive with the price
at Billings.

| Using notation similar’ to that for the model in Chapter II, a trans-—
portatién model that provides fo£ shipment of‘mafket hogs' between all
pairs of productioh points and demand points was fofmuiated. The primal

problem is stated mathematically as:

Minimize
K. L

== ]

£ X,
i=1 j=k+1 M

subject to

z_dj for j = K+1, ..., L; and

X,, > 0 for all i and j.
iy — -
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The optimum solution t¢ the primal describes that pattern of raw product
shipments that minimizes tofal transportatior cost. -The first constxaint
specifies that out—éhipmentS“of the raw procu:t from région i must not
exceed the quantity of the"raw product: produced in ﬁegioh i. The second"
constraint specifies that .in-shipments of fhe raw product at destination
j must be greater than or equal_to deﬁand in region j. Yhe third ccs.rra
straint specifies that only non-negative shipments are permitted.
. Togetﬁer the constraints regquire that quéntity supplied equél gquantity
.demanded'for all pairs of production regions and destinatdions for the-
raw product.

The dual of the transportatior model is:

Maximize
K L
w=—ZU§Si+ ) u.d.
i=1 j=k+1 7 -
subject to
S d . . ,
-U, +U. <t,, fori=1, ..., XK; J=K+1, ..., L; and
1 J— ij _ )

Ui, U? > 0 for all i and j.

The optimum solution of the dual-describes the pricing and allocation
system that maximizes returns to each source {supplier). The first

constraint specifies that the values (rentsf for two regions must differ
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by an amount less than -or equal to trapsporta#ion cost per uﬁit. The
second coustraint specifies that - all rents must be’non—negative.

In equilibrium; ‘the competitivé rargin or boundaﬁy between: desﬁina—
tion j and destination k for production.region i would occur Where the
difference in mark;t prices is equal to the difference in transportation
cost between region i and .region k and transportation cost between

region i and region j, or in terms of the dual,

i

-u, +
(1) ui Uj

. --_+ = t, 3
(2) Ul Uk tlk

t - U, + U = by substitution of (1) into .(2) or,’

i5 7Y T U T B

(3) Uk - Uj = tik - tij'

Since (3) is one equation in two unknowns, destination j can be selected

as the base region and the price at destination j, Uj’ can be used to

. L . . ; 13
estimate the competitive price at destination k,‘Uk.
This procedure was used to estimate prices for the reméining 13
destinations, using Billings as the base region. Price data for all -

destinations are presented in Table VI.

13For a discussion of this procedure see Robert Dorfman, Paul A.
. Samuelson and Robert M. Solow, "The Transportation Problem," Linear
Programming and Economic Analysis, Chapter 5.
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Final Destination Points for Carcasses

An open market for pork carcasses does not exist. Transadtions,
therefore; require that buyers and sellers search out each other.
‘Potential buyers of Montana produced carcasses were idéntified in
Washington, Oregon, and Northern California.14 Nf the 11 firms con-
tacted, only 4 expressed an interest in purchasing carcasses from Montana
produéers. The other seven firms did not désire te buy caréasses from -
Montana suppliers either because they already had a steady supply source
or were buying pork meat cuts instead.

The four potential buayers are located in tﬁe Seattle-Portland areas.
Reguirements were for steady supplies of uniform, lean-type carcasses.
Minimum and maximum constraints on final product shipments were.specified
as 400 cwt. ana 3,600 cwt., Although grade is a factor ¢f considerable
importance in the sale of carcasses, all carcasses were assumed té be én
average on grades 1-4. Unavailable data and the spati%; aspéects of the

model preclude consideration of this feature.

One consequence of the pork carcass market structure is the lack of

published carcass prices. Although published prices do not exist it was

4Information for identification was obtained from the Western’
Meat Packers Association, San Francisco, California, and the Oregon Meat
Council, Portland, Oregon.
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learned through buyer interviews that traders in pork carcasses.asdhere’
closely to a basing-point pfice system.]-'5 The baée price for .buyers and
seilers is determined by a cross-section of prices at Midwest live hog
markets and then a formula is used to determine the price of the type. of

product. Each price is then adjusted to include product shipment costs.l

The delivered price in region j on the West Coast is:

3 i iJ
where: .
Pj = delivered price in region j on the West Coast;
Pi = market hog price in region i in the Midwest;
tij = transportation cost from region i to regidn j; and

K = raw product (market hog) yield per unit of final
product (carcass).

This formula is used to determine the delivered carcass price in the

Seattle~Portland region on the Pacific West Coast. Assuming a steady

15 : . . ; .. .
The particular reasons for using a basing-point price system are
not discussed here. For a discussion of the basing-point price system
see Edgar M. Hoover, "Transfer Costs and Industry Patterné,“ The Loca-
tion of Economic Activitv, pp. 47-66; and George J. Stiglexr; "A Theory
of Delivered Price Systems," American Economic Review, Vol. 41, pp. 1143-

1157, December, 1947.

16Sellers and buyers use price gquotations from the National
Provisioner to establish a base price.
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and uniform supply of carcasses, this price will define the indifference

point between buying from Montana suppliers and Midwest suppliers.. It

‘might be noted that the formula implies that the value of the by=products

is greater than 6f equal to the cost of ‘slaughter. This implication has
been substantiated in processor interviews. , |

Time series data on prices at one major Midwest market were 6bfained
for the same period of time as prices for market hog destinations in
Montana.17 The average dressing percentage was estimated to-bé 0.70
énd the transporta?ion rate from Omaha to Seattle-Portland was estimated.
to be $3.l'4./cwt.18 Thg average live hog priée ($28.00/cwt.) was then
multipiied by the reciprocal of the dressing percentaée‘(l.43) and then

added to the transportation rate to obtain an estimate of the delivered

carcass price in the Seattle-Portland area ($43.20/cwt;).;

Transportation Costs

Freight rates for market. hog transfers were obtained for product

shipments between prcduction regions and destinations for market hogs;

'1750 that a transportation cost could be determined, the major

Midwest supply source of carcasses was assumed to be located at Omaha,
Nebraska. ’ C '

8The dressing percentage was determined on the basis of the type of
carcass desired from information provided by carcass buyers in the
Seattle~Portland area. Transportation rate was estimated from quotations
obtained from Rocky Mountain Motor Tariff Bureau Inc., Tariff 327-A. "
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“and for product shipments .between production regions and processing

reg;ohs (i#j)@

Considerations of alte:native modes of transportatioﬁ led to'the
selection of‘five truck sizes.19 The smallest truck Waé‘assuMed.to be
owned by farm operators. Maximum capacity was esfimatéd to be 70.5 cwt.,
ox approximateiy 30 market hogs. Total cost per mile Qas estimateé as

follows:20 ) ’
™C =F +V +T
m m m r

where:

‘TCm = total cost per mile;

Fm = fixed cost per mile;

Vﬁ = variable cost per mile;.and
Tr = transfer cost per trip.

. ¢’ o ’ :
It was assumed that.the small farm- trucks were primarily used for other
farm activities. Thus, fixed costs per mile were assumed to be zero.

Variable costs were estimated as follows:

9Since very few hogs are shipped by rail, railroads as a form of .
transportation were not considered. .
20This procedure was outlined by George St. George and Charles M.
Rust, "Grain Trucking. Costs for Montana," Mont. Agr. Expt. Sta. Bul.
638, Montana State University, Bozeman, March, 1970.
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vm‘='P+L+W+s+o

where:

P = fuel cost.per mile;

I
I

labor cost per mile;
W = tire cost.per mile;

maintenance cost per mile; and

)
It

O
il

miscellaneous cost per mile.

Variable cost per mile was estimated to be $O.2'3415.2:L

Transfer costs for loading and unloading market hoys were estimated

as follows:

'Tr = (TL + TU)WH
where:
Tr = tqtal cost of loading and unloading per trip;
TL = total logding time; |
TU = total unloading time; ana
WH = avérage wagé.rate pexr hour.

21Data for estimating variable cost per mile were obtained'from
Michael D. Copeland, "An Efficient Organization of the Montana Wheat
Marketing Systems," Unpublished Ph.D. dissertation, 1272.
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TL and TU.were estimated to be 15 and 10 minutes, respectively. The

22

average wage rate wag assumed to.be $2.00. Tr was then estimated to

" be $0.83. Transfer cost and variable cost per mile were then cembined

and aivided'by the truck capacity to éxpress the medsure in S/cwt. Total -

cost per cwt. for different distances was then estimated as follows:
TC,’cwt. = 0.012 + 0.00332¢

where:

TC/cwt. = total cost per cwt.; and

d = round trip distance in miles.

Freight rates were also obtained for the following Exruck sizes.23

(1) 140 - 239.99 cwt.;

(2) 240 - 309.99 cwt.;

{3) 310 - 389.99 cwt.; and

(4) 390 cwt. and over.

The rates for all five truck sizes were then used'to specify costs

for all pairs of regions. For all pairs of production regions and

221pi4.

23Mont,éa.na‘Livestock Tariff Bureau, Livestbck Tariff No. 1, MRC,
No. 1, December 29, 1971.




53
destinations for market hogs, truck sizes were selected.on the assump-
+ion that the amount shipped would be a minimum of (Si'd*)' .Then the
. 3 i

appropriate cost was selected, as a function of the distancs in mileage.
Transportation cost data for ;ll pairs of production regions and destiné~
tions fér market hogs are presented in Table VIi. For all pairs of
production regions and processing regions (i¥]), truck sizes were selec-
teé on the assumption that the amount shipped would be equal to avail-
able supply in the exporting regicn. A matrix showing costs for trans-—
fer of market hogs between production regions and procéséinq regions
is presented in Table VIII. |

Transportation costs for shipment of carcasses between all proces-
sing points and the final destination were obtained.24 The rates obtained
were based on 21,000 pounds minimum shipment of fresh meat, wrapped or
loose. In view of information provided by West Coast carcass buyers and .
trucking firms, the rates were multiplied by a factor equal to 21/38 =
0.55 on the assumption that Montana producers could obtain rates applying
on 38,000 pounds minimum shipment. The estimated rates using fhis pro-
cedure appeared to closely approximaté those‘that are actually being

obtained. The rates for all pairs of processing poin;s and'the final

A .
2'Rocky Mountain Motor Tariff Bureau, Inc., Tariff 327-A.




TRANSPORTATION COST DATA FOR ALL PAIRS OF PRODUCTION REGIONS AND DESTINATIONS

TABLE VII.

DOLLARS/CWT.

Destinaticns

FOR MARKET HOGS,

Production

Fa

Wolf
Glasgow Point Bak

endive

a ma,

Miss

r G

ings Sidne

Bil

Points

0.7
0.7

0.5
0.7

0.7

1.3 . .3 1.4
0.7

0 1.4

Dillon

1.2

). 2
Q.7

0.
0

Hardin

0.0

.2
0.0
0.9

.2

Great Falls

Glendive

—~i

1.5

0.4
0.8
1.3
1.2

0.6

0.6
1.1

0.7
1.4

0.4
1.

Lewistown
Kalispell
Bozeman
Havre

0

l.2

0.7.

.

0.4

0.7

0.7

1.3

Choteau

54

1.1

0. .9
0 7

Shelby
Chinook
Roberts

G.7

0.6
0.8

0.2
0.6

0.9

0.9

Ft. Benton
Miles City
Madoc ’

0.4

0.3
0.6
1.4

0.4

1.4

0.

0.3

0.5
1.2
0.9

1.4

0.8
0.7

Deer Lodge

Plevna
Ronan

1.4

0.6

0.7

0.6

0.3
0.5

0.4 -

1.1
0.8
1.7
0.3

. O.

1.1
0.5

0.9

White Sulphur
Springs
Malta

0.4
0.

0.9

0.
1

0.3

Hamilton
Sidney

0.6
~ 0.9

.3

1.3

0.9
0.7

© 0.8

1.3

[}

0.4

.0.6

i

0.5

0.2

0.8 -

Poplar
* Sand Springs 0.6 °

0.6

.0.6

0.4
0.3

"0.2

0.6

0.7

0.

1.1

0.

. Columbus

Ly

0.3

Big Timber
Hinsdale
Shawmut

0.6
0.4

0.

0.3

0.1

Ballantine

S.

1.3

1.0

Twin Bridges 0.6

{table cortinued)




. TABLE VII.

Destinations

(continued).

Production

Hamilton Shelby Butte Kalispell Havre Manhattan Conrad_Lewistown Hardin

Points

1.3

0.4

8

1.1

0.3

0.6

Dillon

0.

0.8

1:1

0.7

.3
0.8

1
1

Hardin

Great Fails

Glendive

.0.5
0.8

5

1.2

0.4
0.4

Lewistown
Kalispell
Bozeman
Havre

0.8

0.

0.4

0.

[e3}

0.8

1.3

0.4

0.9

3
1.4

0.2

0.8
1
1

Choteau
Shelby

55

0.5
1.2

1
0.4
8

0.4

1.1
0.

Chinook
Roberts

0.3

Ft. Benton
Miles City
Madoc

0.6
1.4
1.3
0.9

1.5

0.7 0.9
0.8

0.6

0.7
1

c.5
1.7

Deer Lodge

Plevna

Ronan
" White Sulphur

0.8

N~
O '~

0.4
0.6

0
1

Springs
Malta

1.6

0.6 -

0.4
1.3

0.4

0.7

Hamilton

Sidney
“Poplar

1.1

0.7

1.6

0.7

1.7

oo

m O
[
-~

<

Q0
< O

O ¢
. e
~ O O

~ O W

0.7

Sand Spriags
columkus

2045

0.7

1.0

Big Timber
Hinsdale
Shawmut

1.4

0.4

.9

0.6

0.6
0:5

0.1

0.4

0.5

1.2
0.5

Ballantine

0.7 0.2

0.6

0.7

Twin Bridges




TRANSPORTATION COST DATA FOR ALL PAIRS OF PRODUCTION AND PROCESSING

REGIONS, DOLLARS/CWT.

TABLE VIII.

Processing Regions

Production

Great

ralls Glendive Lewistown Kalispell Bozeman Havre Choteau Shelby

Dillon Hexdin

Points

0.4

0.8

pillon

0.8 .
0.5

1.1-

Hardin

0.8
l.6

1.1

0.7

Great Falls
Glendive

l.2
0.5

1.2
0.4

1.1

0.5
0.7

0.8

0.7

Lewistown

Kalispell °
Bozeman
Havre

3

5

0.8

1.3

1.1

0.7

0.3

0.7

0.7

0.8

Choteau
Shelby
" Chinook

56

0.5

.3

0.6
0

0.4
0

0.
0.4
0.5

0. 0
0 0.

0.7
0.

8
3

0.7
0.3

1.1
0.7

0.7

Roberts

0.9

0.6
0.7

3

0.6

0.7
0.9

Ft. Benton
Miles City
Madoc

0.9

0.8

0.4

0.7
1.3

0.6
1.7

0.7
0.8

0.4

Deer Lodge

Plevna
Ronan

1.1

0. 1.2

1.3

0.7

0.3

0.9°

White Sulphur

uwy

0.4

0.6

0.7

0.4

0.4

Springs
Malta

0.7
0.9

0.5
1.1

0.4 0.4

1.1

0.6

0.7

Hamilton
Sidney

0.7
0.6
0:8

3 1.
1.1

1.2

T
VN

0.9
0.8

.0
0.8
0.3

- 0.4

&)

2
.0

Poplar

=

1 7

Sand Springs

Colunbus

0.7
0.7

0.7

N

0.6

1.0
0.9

0.7

0.6

0

6

0.4

Big Timber
Hinsdale
Shawnut

0.9

1

<

0.7 -
0.5

0.7
0.

1.1

Ballantine

0

0.6

0.1

Twin Bridges
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deétination are presented in Table IX. The stop charge for loading
-carcésses was estimated té ve $35L42;25 In addition to lahor .costs,
" this charge covers additional transportation costs incurred from off-

route collection west of the initidl point of delivery.

s

5Information provided by one trucking firm authorized by the
Interstate Commerce Commission to transport meat products from points
within Montana to specified points on the Pacific West Coast.

K
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TABLE IX. TRANSPORTATION RATES BETWEEN ALL PAIRS OF PROCESSING
' POINTS AND THE FINAL DESTINATION FOR CARCASSES.

Transportation Rate

Delivery Point Final Destination (3/cwi.)
Dillon Sedttle-Portland ‘ 2.01
Hardin " 2.27
Great Falls " 1.94
Glendive " 2.46
Lewistown : ' " 2.13
Bogzeman v 1.0
Havre " ‘ 2.48
Choteau " 2.37
Shelby . " 2.30
Kalispell " 1.65




CHAETER IV

COLLECTION, DELIVERY, AND RAW PRODUCT-FINAL
‘ PRODUCT SHIPMENTS

Collection and Delivery Routes

Usually, it can be assumed that.the-outputs:of individual firms are
large in relation to the'availablercapacities of transportation units so
that minimum product shipment costs- can be specified for shipment between
regions. For this problem, though, this assumption is weakened. To
obtain full truckloads of carcasses, shipments mu§t~be organized ip
-collec£ion and deliver& routes.

Theérétically, all processing points could_serve as both delivery
and collection points.’ However, if all suéh points were included in the
model, the problem could not beé solved since route duplicati&ns would
exist. Since it is practically impossible to solve the problem fof each
combination of delivery and collection points, an alternative method of

. 1
solution must be used.

lAssuming order is important, the number of permutations of k ele-
ments from a set with n elements would be:

n!
N

If k can range from O to n the total number would be:

. 3‘1 n!
P,k = _—
n - k!
7 k=0 ) | |
For a discussion of permutations and combinations see Guillermo Owen,
"Sets, Permutations, and Combinations," Finite Mathematics, Chapter IV..
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One way.of solving the route auplication problem‘would.be to use ..
mixed-integer programming. Variables aesignating shipments' of Carcasses
. Erom deliyery points'to thé final deétinétion would oni? be pefﬁitted'to-
take on thendiscreté values C, l; 2, ..; A sét of conétraints ingprpo~
rating alternative batch'sizeé would take the follgﬁing.form:

Iegs 2 Iz,

1 J

for i = I#l, ..., M

or

] i3 3 i7ij-—
for i = L+;, caey M.
ZYi. - Ju.z. . <0
3 13 3 J
where:
- Yi. = amount of the final product collected at point i
J on delivery route j; ’ ’
Zij = discrete variable representiﬁg the amount of the

final product shipped from delivery route i to
* final destination j; and

Li’U' = Jlower- and upper-bound constraints on produc¢tion
shipments from delivery route i.




el

These constraints insure for 2ij =0, Y.,. > 0 is not permitted. For

1]
Z' il 2, Nave s Ya o2 0 18 pErmitted rovided ’Y,, A A
i3 B 2.y " ¥igq pe ¢ PI e é i3 2 L, i3 and
2 : g . -
ZYij f-UiZij' The method outlined above would provide a solution to the
j

problem encountered. However, an algorithm could nnt be found to
accommodate the dimensions of the problem. Consequently, alternacive
sets of delivery routes were selected. Then the problem was solved for
each set of delivery routes to determine the pattern of collection and
delivery that maximized total net revenue.

Several of the delivery routes can be eliminated. Eliirination is
based on characteristics that greatly increase transportation and/or
collection costs. These would include:

(1) deliveries that require collection of carcasses at points
east of the initial point of delivery;

(2) deliveries that include a large number of collection points; aud

(3) deliveries that require north-south traversing of the state.

Although the list is not exhaustive, one of the sets of delivery
routes presented in Table X would appear to be the one mcst likely to

maximize total net revenue.

2Harvey M. Wagner, "Integer Programming and Combinatorial Mcdels,"
Principles of Operations Research, Chapter 13.
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DELIVERY ROUTES. .

Maximum Amount

Sgt of
Delivery Shipped

_Routes = Delivery Point Collection Points (carcass cwt.)

Havre Shelby, Kalispell 461

1 Glendive Hardin, Bozeman, Dillon 477

Lewistown Great Fallé, Choteau 1,0é8

Havre Shelby, Xalispell 461

) Glendive Choteau 412

: Hardin Lewistown, Bozeman, Dillon 435

Great Falls 658

Havre Shelby, Kalispell 461

3 Great Falls Choteéau 905

- Glendive Hardin, Lewistown, Bozeman 600

Dillon

Glendive Havre, Shelby, Kalispell 626

4 Hardin Lewistown, Bozeman, Dillon 435

Great Falls Choteau 905




63

Raw Product-Final Product Shipments, Market Price
Differentials, and Shadow Prices

The problem was first specified to.accommodate only markei hog
transfers. This problem contained 540 selling activities and 48 li#ear
constraints. For this problem, it was assumed that all regiohs were
separated by a given marketlprice less transportation cost per unit.

Net revenue from the solution to this problem was estimated to be
$479,445.90. The optimum shipping pattern for this p}oblem is presented
in Table ¥I.

Using the fifst set of delivery routes, the problem was specified
to accommodate both market hog and carcass sales. This proklem con-
tained 911 selling, processing, and transfer activities Qith 63 linear
constraints. For this problem, all pairs of regions were assumed to
be separated by a given market brice less transfer costs.. Transfer costs
for market hog sales were assumed to be only transportatiocn costs, whereans
transfer costs for carcass sales were assumed to be processing,.handling,
and transportation costs.

' The results from this problem indicate that selling carcasses is a
feasible alternative for Montana producers. -Net revenue was estimated
to be $481,921.60, or $2,292.18 more than net .revenue from selling live
hogs only. The results indicate that at least a full truckload is

obtained for each of two routes. For one route, only 80 percent of a
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OPTIMUM SHIPPING PATTERN FROM PROBLEM PROVIDING FOR ONiY

TABLE XI.
MARKET HOG SAILES.
Activity Amount
Number Origin Destination " 'Shipped (cwt.)

77 Dillon Butte 171
80 Dillon Manhattan 200
84  Hardin Billings 587
101 Hardin Hardin 113
110 Great Falls Great Falls 242
124 Glendive Baker 136
125 Glendive: Glendive 141
154 Lewistown Lewistown 1,636
168 Kalispeil Kalispell 987
174 Bozeman Billings 1,115
181 Bozeman Bozeman 185
205 Havre Havre 665
218 Choteau Great Falls 219
223 Choteau Havre 423
225 Choteau Conrad 341
238 Shelby Shelby 543
243 Shelby Conrad 6l
259 Chinook Havre 597
264 Roberts Billings 606
282 Ft. Benton Billings 257
298 Ft. Benton Lewistown 171
300 Miles City Billings 298
304 Miles City Baker 139
319 Madoc Sidney 391
320 Madoc Glasgow 147
321 Madoc Wolf Point 280
347 Deer Lodge . Butte 360
358 Plevna Baker 3590
372 Ronan Billings 26
378 Ronan Missoula 411
384 Ronan Kalispell 92
390 White Sulphur Springs Billings 738
410 Malta Glasgow 564
435 Hamilton Hamilton 179

440 Hamilton Hamilton

258

(table continued)
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(continnad).

Activity Amount

__Nugber Origin "~ "Destination Shipped . {cwt.)
441 Hamilton. Conrad 21
445 Sidney Sidney 583
463 Poplar Sidney 522
480 Sand Springs Billings 181

" 482 Sand Springs Glasyow 139
498 Columbus Billings 837
516 Big Timber Billings 404
536 Hinsdale Glasgow 569
552 Shawmut Billings 606
570 Ballantine Billings 616
588 Twin Bridges -Billings 142
602 Twin Bridges 346

Manhattan
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truckload could be obtained. Assuming a maximum incréase in total trans-
fer costs of.$183.52, net revenue would .decline to $481,738.08.

An improveﬁent in net reQenue was tested for by éolving the problem
‘using the other sets of delivery‘routes. For the second set of delivery
routes, net revenue Waé estimated to be $481,984.81 or an increase of
$2,538.91 from the live hog selling solﬁtioﬁ. The resuité ihdicate thatA_
éf least a fuil truckload of carcasses couid 5e collected énd deiivered
along three‘of the'foﬁrirbutes. Ninety-three peréent of a-truckload
would be'coilacted and deliyered along.the*fourth route. Assuming a
maximum inérease in total product shipment costs of $63.§6 net revenue
would decline to $481,921.45.

Using the third set of delivery rouktes, net revenue was estimated

to be $481,986.25, or $2,540.35 more than the live hog selling solution.

The results from tﬁis problem indicate that at least a full;truckload
could be obtained for each route. ° |

The problem was solved once more using the fourth set of delivery
routes. The results from this problem indicate that net revenue would
increase to $482,03é.43, or $2,592.53 more than £he live hog solution.

Again, only 93 percent of a truckload would be obtained for one of the

routes. Net revenue would thus decrease to‘$481,975.07. The patterns

.of collection and delivery for all four sets of routes are presented

[

in Table XII.
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TABLE XITI. OPTIMUM PATTERNS OF COLLECTION AND DELIVERY FOR.FOUR SETS
OF DELIVERY ROUTES.

Set of ) Lo _
Delivery E ) Amount Shipp€d
Routes Delivereroint " 'Collection Points {(carcass cwt.)

Havzre Shelby} Kalispell 461

1 - ' Glendive ﬁardin; Bozeman, Dillon : 296

Lewistown Gfeat Falls, Choteau 1,027

Havre ' Shelby, Kalispell . 461

Glendﬁve : Choteau - 1 - 411

2 Hardin : LeWistown, Bozeman, Dillon 352

Great Fails 657

ﬁavre Shelby, Kalis‘péll A | 461

3 Great Falls Choteéu - 904

! Gfendive D Hardin, Lewistown, Bozeman “ .4419

Dillon :
Glendive  Havre, Shelby, Kalispeli 625
4 ' Hardin : Lewistown, Bozeman, Dillon 352

Great Falls Choteau _ 904
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Thé final pattern of market hog and carcass‘shipments uéing Route
Set 3 is presented in Table XIII. This is the pattern of shipments
which maximizes net revenue for Montana hog producers. I£‘should be
hoted that although Bozeman ahd Hardin are possible collection points
for this set of routes, no hogs are slaughtered at thesé-péints. The
high siaughter charges quoted make custom slaughter infeasible at the
Bozeman and Hardin locations. In fact, the shadow cost for Bozeman was
$0.89/cwt. while the shadow cost for Hardin was $0.19/cwt. The shadow *
costs may be viewed as opportunity costs. They indicate how much pro-
¢essing costs ox transportation costs would have to be reduced before
slaughter capacity at these locations is complately utilized.

Assuming inelastie demand at all destinations, eguilibyrium market
prices were estimated. All prices were assumed to.be competitive with
Billings aﬁd all slaughter charges were assumed fo be éompetitive with
Great Falls. The market price differentials and equilibriﬁm prices are
givén in Table XIV. The market priCe.diffefential at Seattle-Portland-

& Bstimated to be -$1.56/cwt. This difference gives some indication

g

of the ¥elative incentive that exists for selling carcasses.

Shadow prices may be interpreted one of two ways. Firxst, they may
be a ineasure of the economic incentive for expanding slaughter capacity
in those regions where slaughter capacity is comgletely'utilized. Second,

they indicate how much slaughter charges would increase before the rent


























































