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At the fhiladeiphia meetings last vear Professors isard&f and Stevens®

entued papers in which they developed sowe general interreziondl linear

procpamning modeis.  In these pepers, little attempt was made to solve specific
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lons . Stevens says ". ..uwe do not create & general spatial model to solwe

speciflis problems.  We comstruct it for ivs value in the wndsrstanding of the
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This paper will attemplt Lo use the iLrensportation model which is a special
of the lipear progranmdng Loohnlque o investigete & few aspecific interregional
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Lo v che tomabo processing Industroy dn the United Stetes. The ume

ded o well establlished Jor tackling varicuz interregion:!

J
dems.  For exampie. the ¥opmunsBischcosd’ transportation medsl wis one of
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firsn oroblems Lo Le solved by Linedr vrogramming. Samuelsond fas employed he

rtation model 10 3 more generalized form in his work on spatiel price

Clibrdug,  Inoapgricuiture, ou*ptff has employed the spatial equilibvriom model
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Additionel fartificlal” weolors may be added
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structure with that of Lhe actuel, 2 correlation test betwsen the predicted amd

s 2 al t Trad. +he
actual prices can be performed, For example, if an p< €duel to .50 resulted, the
coefficient would suggest that cone half of the variation in the geographical price

structure is attributeble to considerations other than those allowed for in the

P
b
P

model, Therefore, 1f these other consideraiicns can be quantified and include
the model, and if the r? value increases as a resilt, then it would follow that
the model is approaching realily and qualitative factors are successfuily being
guantified.

Characteristics of the Tomate Processing Indusiyy

The production of tomutees for processing has changed considerably

3

during the pagh fwenty years. Acroage has been reduced, but increased

yields per acre, improved warietles, favorable prices and betier com rol
wi disease have made possible an overall increase in output. Location shifts

of smme magnituvde have accowmpanied the acreage and production trends, How

oroduct production has been shifiing inte Califorania while other producing

regiond have declined in relatlve imporience. The number of tomate proceasing

@

esbablishments on a natioral basis has declinedy however, in the Midwest

and Boubh, the mumber of procersing ssisbhblishments has inerea:ed slightly,
The size of piocesving establishments wewsarsd : by the average muher of

enployees per plant Incrcased considerably for the Undted Sieten during the
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been relocated within the ustry so that production and shipment patterns
approtch an optimal situation? Interregional product flows and price ennil-
ibriums developed through uge of the linear programming transportation

model form @ basis from which to evaeluate resource allocaticn within ths
tomto nrocessing irdustey.

The validity of any conclusions pertaining to resource alioccation within
the tomato processing industry depend in part on the data utilized in the
program,

Yhan deciding upon the amount of basic data to include in the medel
cne i torn between the ends of realily of manageability. & rdgorous procedure

wwuid necessitate the investigstion of the sgpatial relations bebwesen each

producer and each of his consumers, However. the magnitude of lem makes
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compubational burdenof the problem zeneresble. Since the interest in most inter

regional problems lies in gosgraphle flows, apgreguticn of dria shouls

av £ spabiald basizs se an o relain 2 mexdmom amount of informaticn in

In the end, the opLimus Jegres of as

will be a fuotion of ihe probliem to be #olved and ths rosources possessed by

research wirker,
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enuivalent for catsup, and #3 cylinder can 8ize equivalent for tometo juice.
Ruality diffefehces were included for fancy, extra standard, and standard grades,
Consumption estimates {C3's) pose a formidable problem. Consump%ion estimates
should reflect differences in population, inCumesg‘tastes, preferences, ethnie
influcnces and other factors that are basiz demand determinants. |
Estimates of nmatlonal caﬁned tonsto, cstsvp, and tomato julce consumption
zre readily oblainabie for Lhe United States. However, these data do not
reflect state or reglomal consumption differences. A study conducted by the
UeS5.D.A: in 155¢ 3.30 analyzed weekly regional household fred consumption in
the Undted Statew by income group. Though the study did neot encompass total
regional consumption, differsnces among regions were indicated. Using per
sapita disposable income ds a primry demand shifter In conjuretion with
the U.S.D AL weekiy data, per capite regional consumption, mer capita siaste
consdmpiion, and totsl stule consumption were caleulst ed for canpmed tomtoes,
catoup, and tomzto jwdee. The wethodology used to calenlate state consumption

sxtimites for canned homtces,

szt sup, and tompto juise should be useful
Ly caloulste the consvaption of csther comiodiltles where maningiul state
songumpbion diiferences are dusired,

Teransporvation cost date sve obviouvsly nportant in any Irtervegionsl
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The wmatrix formulation may be abstracy ur have varylog degrees of realiby
depending upon ths data inciuded. The degree of apgregation will depend on
the problem Lo be anawered and the resources that are avallable. The
first model concerning the tomuto processing industry included ail foviy-
elight states., The same model was also scived with the forty-cight states
aggregated into twenty regions. Both the ron-sggregated and aggregated nodels
yielded ths same general solution, hoth with regard to cost and shipmend

pattern. Thus, the :sggregation of the data included in the woirix nmot caly

reduced comnrutational time but alsc served &s a check on the non-aggregated =olulld

¥odifying the 'l‘ra‘f\snﬁrbati@u Hedel to Approash an Imperfect Marken

Previous studies pertaining to the tomato processing industry have
indlcated Imperfecl competition in the market m',ructuz‘eol.;ij A pezliistic
model dealing with interregional. competition within the tomclo procesaing

P

industiy should reflsct elements of imperiect competition. The transportation
1 I
model a3 generally used yields answers for @ perfectly competitiwe situstion.
A Y
producte are howmogeneous. (27 there are auch
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Comparisons Made between the model solution and actual sitwitlon would
in this case, be more meaningful te determine if rescurces hsve been
effecibntly allecated within the industry.

In order to mave the formulated model az realistic as possible, the
following factors affecting preduction, consumption, and the mirket struszturs
of the Lomato processing industry we-e quantified and included: (1) processing
costs, {2) consumer preference, (3) produst differentiation, and {4} pricing
inefTiciencies.

Processing Coots - Computing cost data fer a given preduct is often a

o i3 i

laborous endeavor. Alsc, cost data are scldon complete enough to make
meaningful comparizons. Sinece the problems of assembling reliable cost

data have at times outweirhed the value of such computations, &u implicit
assumptlon of many models dealing with interregional competition has besn
that production or processing costs sre equal between producing regions.
Production costs refer to those costs lncurred in the production of tom:toes
for processing whereas procegsing costs refer to those cests incurred in
the conversion of rew tomateoes intc canned to:atees, catsup, and tomato

Juice, The calculation of production and processing costs is a study in

costs ean be inclwied in  the transportatic: modai.
t my sesm that Lhe inciugion of cost data in the trapsportation model is
an unnesessary refinemoent i however, both Jor the sake of reality and the belist

Yy oy

of Lhe auvthors that regionel producilon and procesd ing coste are imporitent, tl
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hav: been included in the model formmlation. ‘he importance of resionzl e

duction and processing cogbs ides in the mapnitude of the cool dutferencas

j 5
bhetwesn reglionsg, An exporting regilon with o relative trerspoctation octd dos

)

advanbuge may overceme this disadvantege 1 Lhe proos

region are relasdv comparad w0 obhar




Several ways to measure the dilf rences beuween reglonsl procegsing
cosis are possible, Reglonal processing costs may be represerted by the
regional f.o0,b. price of the product, This method of representing processing
cog. s asgumes8 that the reglemal cost of processing canned tomatees is refle
by ~he regional f.o.b, price and that the mugnitude of reglona differerces
in {.0.b,price is equal to the magnitundse of regliconal processing cost d4ilfervunces.
ano.her method b - which to measure the diffurences between regional process ng
co8.3 18 to caleulate actuwal procesaing costs for ezch state or regicon.
Mrocessing costs calculated din this manner vould rmessarily be average costs
Lut should show the magnitude of cost differences betwean each regicn and be
vep-e2sentative of the regional costs. The effect of future regional cost
diferences san be delermined by modifying the regicnal ecout estimivex. Fou
ing-ance 1f it i3 belicved that the cost stiuchure for an enterpriss within
& Z ven region will increase or decrease relaiive to the cosl sbracovre of <ther
reg.ons the cost slructure in the given region can be inerefsec oy dacreasad
relisive to the other regions and the model aciution analjyned Lo deieimine

v

tne probable effect on interragionel product fiews. ‘the inclusion of procecziag
3

cost.s in the matrix is accompiished by mdiiying the =34's.  For exanple
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o A A% ds kcwn (has a4 certalin forw of a given

product is preferred by consumer te other femsof the same produst,

it would be desirable for the formulated model to show that the preferred
product could move more readily intce interregional trade as compared to
the nonpreferred product. In this case, the preference of one form of ths
produect over another may be looked upon as a c¢38t to the supplier

of & nonpreferred product. Viewlng preference as a cost to the supplisx
of &4 nospreforred product makes possible the inclusion of comsumer cholcs,
which is generally qualitative in aature in the ’i‘;ramspo-rtatimx model.
Aither the cost (tgbj‘}b of the preferred oroduct can be reduced by soue

coni factor to represent the desire for the preferred product or the

travsportation cost of the onpred rred product can be increased by

some factor to represent the dislike for the conpreferred product. Jn the
gtwdy dealing with the tomate processing industry. thae fLransportation
SOBLY i’gij 54 for canned tomatoes moving from preducing regions exclusive
of California were increasad by 10 cenbs wo wepresert, Lhe willingnese
Lo urchass Galifornda camned tomakoss over Lhe canped tomatosg from the
other producing regions.

- When gualitst ive informition nertaining
e Cpdven ryades or cualitides of'@ produst ds availabls,
sne vroduction estimabes (4 5 ean be modified to roflect product dif-
ferenbiation, Tdkewise 10 invoreation ls avallable which shows sorsumplion

difderences by grade or qusltiy & more realistie model ecan he developsd chrough

mod Lideation of the corsumption estimates {0498}, Froduet differentiation

io the form of adve Lising can be incorporagvel inho the mwodel by alsoe wodif o
e ‘z'i;ij‘?ss}c, Tne adwvertising oosl per cass would be added to the bransporbatisn
zogis.  Upon solving the wabrix the restricoive nabure of advrtdsivg on She

sigiribubticon pattern wonldd ba
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Yricing Tnefficlencles -~ Third degree prics discrimination where markets

are spatially separated and different prices are paid for the product depending
upon the elasticity of the morket derand curves 18 one form of pricing iref-
ficiency that can be buillt into the tramsportation medel, If estimtes

of market area boundaries can be mde and 1f differences in price betwe

the markets are indicated, then the transportation cosis {% iz"s) from a pro-
ducing reglon that practices discriminatory pricing can be modified to in-
ziude price differences in the separated markets.

Modifying the Model to Study Production location

To study productisn loecsation, the F’i constraints are modified and "eprtifical”

E:

. N PR ) . Y
ectors may be intreduced to abeorb exceas production {idle capasiiyl.

s thptimum

location of producing areas for tomato producticn was dctermn d wler tiwee diff-

NECE

erent situationss (i) unlimited production in every r . {2} specitication of

a maximum production in each region, and {3} specification of 2 mirmimum vroduction

o »

iw cach reglon. 1In the firet situation. since the constraint of the £y ¢ 48 re=

iwoved, the problen is no longer & programming problem.  Consumption 1z sevely

gatiafied from a producing rogion that nmininizss total cost,. The latier twe sit-

.

wations lmpose modilied restraints on the Pqic and recessitate the Liyvoduction

rate products sre aggregated to a commn raw pro-

of Martifical® wvectorz. A11 i<

duet equivalent base. Jace the problem is sslved, the rav product equivalents
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To summarize &1l of the Lfindings of the study would bs Loo sxtengive for this
paper; howevar, the more important generalizations should be mentioned. Tne results
of the meodel variations indicateds

{1) Actual Midwest catsup and juice merket areas should be contracted in

the West and expanied South and Fast,
(2} The actual Midwest canned tomato market urea should be expanded in

the South and contrected in the Fast,

The TriStates should generally foilow the current distribution pat-
verns for cammed tomatoes, cabisup and julce,

{4} California should dominote actual shipments of the vhree products west
of the M'ssigsippl river and also ship julce and ¢aisup into the Guif
States and Hew England, Depedding on the grade of tomatees C2lifornia
sanned tomato shipmsnbs should reash all sepmerts of the country.

The production marginal values for the catsup distribution patierns

>

indicate that 1f productlon were to shift between regions an Zast to

.{.‘

West production shift would rerduce aggregate cost, If julce production

were 4o shift bebween regions, the production marginal values indicate

] P L 4w,

a Wost o Bast production shift would reduce aggregate cost, If a re-
slipnment of cannsd tometo producstion w re Lo cceur bebween vogions, fancy

»,

canned tomate groducticn shouwld shift from the Tri 3tates to indlam
while extra standard and standard canned tomato producticn should shift
from the Trl Stotes Lo the West . When transportstion costs were alone
relevant, in th2 cost siructure, the predusilon mergindl values reflected

&

the relative transportation divadvaitege of the West. However, when actual

don costs were relevant in the cost

R

mrovegsing costs and transnortst

spreture, the relatively lower
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Throughout Lle avalysia. the achual prices recelwved by Califoyniz e

tomtoes, catgup, and julee processers were mush higher than the eguilibrium
pricag developed in the medels. This difference between the California acbunl
and equilibrium prices indicates possible pricing insfliciencies im the tomato
pracegsing lodustry. The Western region dominates production so eoncl.sively
that the price in the other producing regions appears depeadent upon the suwrplus
mroduction moving oub of the West, "Responaible” pricing polisics also secm 1o
inlluence the pricing mechaanism in the catsup phase of the indusiry. The feax
0f "hrealking the market” and the beliefs tixmt price inereasgses will not be fole
lowed, but Lthobt price deereases will be followed are prohable causes of the
cabtsup edicing poliey.

When the reglonal production of canned toematoes, catsup. and julce was nob
a predetermined varisble (production voctor constraints removed), the actual pro-
duction petberns cnanged considerably. Assuming unlimited or maadmua specified
preduction, vhe Midwest begams the nost imoortant reglon as a supplisr of tomitces
for provessing, comned topatoes, ealsup and tomabo Julee. California preductlon

was deareased substantially. YWhen minimun regiomal vroduction was specificd

the productlon patterns develon:d from the model solubtion menerally agroed
with eddlatingy pradustion paitsing. However; sce Imoortant produciion clangssg

vere nobed. They aret Galifornia cabsup producticn increased Lo thres-quarbers

of thz nationel cutput, wihile juice production degcesased. The Tri-Stsies became

whe most dnporbant julce susplier bub esased fhe production of catsup enbirely.
The squilibrius prises wers gorprelated wibth the astusl prices for all
nedels to determine 17 lmmesrfent elements in the maritedt d bsen quantifled as
: £

Gy oy h T S S IR, S, S SO v A . [ R JURURN FO S T | . s o
ness elewnbs wsre included in the models. When pavfest conpelitlon wes assuned

hngre uas

stwesn th2 acbusl and equiliibrlun vrilces, bub when the
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models wore varied the equilibyium prices and actuwal prices for eagh product were
correlated in varying degrses. For instanes the eguilibriua price gorrelation for
catsup {a perfectly competitive situation) showsd an rz or U415 but when product
differentiation :@s included in the model the r* for fancy catsup increased to
2850 which signified that apprucimately 11 percent of the fancy catsup prics
variation is explained by faetors otner than those included in the model., The
oxtra standard catsup cquilibrium and actwl prices wers correlated to & l:gser
degroe. Thus, the autnors believe that the transporbation model can be varied

Lo approach a yealimtlic situation and the validiby of the imposed modiligation
can be ascertained from taec medel solution and the culsting reglonal prices.

In -eneral, the uwsefulness ol the results cobtain:d in attacking csriain intore
regzional problems usin» srogremming metihods are probably more limdted by ine

adegquate date than by the analybtical model.
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