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.Inl.:.:roduct:i.on 

ii.t th.a t'hiladelµhia meeting;:; last. year Professors Isard1/ and Stev1m~/ 

p1·e ented papers in ·,,.,rhi.eh they <l-:nre:':.o_p::~d ~>OttJ.e general interreg.ional linear 

C' -~teve:i1S 

In th~n.:: papers) 1it.t.1e attempt was roada to solve speci.fic 

, ., w:i do not c:r»~ate a general spatiaJ. model to so1ve 

'i'h cs :pci.p::r i::UJ i.l.tt.empt to .1se the t..1«;nsportaticm model .-1hich :f.e a ~per:d.al 
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structure wlth that of the actua.J.,~ a correlation test. between the pred:i.cted and 

actual prices can be per.fol"IIJ:ld 0 For example" if' an r2 equal to ,,50 resulted~ the 

coefficient w;)Uld suggest that one half of the variation in the geographical price 

structure is attributc:ble to con~ideratione other than tho3e allowed for in the 

modeL, Therefore, if these other considerations can be quant.~_fied and included iri 

the model~ and if the r 2 value in~reasefl as a res 1J.t,, then it would follow that 

the model ia appr~1.ching reality and qualitative factors are euccevsfu1J.y being 

quant:i.fied., 

Characteristics of the 'l'omato Processing Industry 

The production of tom:i.toes for processing has changed oonsiderabJ..y 

durjng the past t»1enty years .. , Acr'.)age ha.s been reduced, but increased 

yields per acre, improved vad.eties fl favorable prices an::l better corr rol 

of' disease have ~de possible an overall increase in output,, Locat:ton sh .. i..fts 

of some magnit'l;de have a.ccom,pan:led the acreage and production trendso P.;lw 

:product production has been shifting into California l>1lile other produ,~:i.ng 

:N:gion:s have declined in rela.t.ive impo1"\.«J.nc;e,. '.rhe number of tomato p::'OC!eas:i.ng 

e~;tablishments on a national basis has declinedi however9 in the Mi.dwe:st 

and South9 the number of pJ:'OCfossj.ng es'i sbl:J.sbments ha«.i increa: \3d s :J.:i.ghtly., 

The ~:u~e of pJ.'Oces::ii.ng establlshrrmnts !'10C.:..;,\u'Dd , by the average nu.mber of 

,_:::;1p1oyees per plant :lncrcaaed con~dd-arably fer' the United States during the 

·~939 1957 per:lod,, Cs:Uforn.ta 0xpe:riencad ph-anominal growth in the size of 

[Ji''01.:·::ESsin.g establishr.;.entt~r yJ;.iJ..e pm :::easir1g efftabllsh.mants lt1C':at1,:icl 1.n Ind1.ain 

have g'murally decrc1:1sed :in size., 1''.1e eped.fic location shift•"'l mentioned 



been relocated wlth.i.Jl the :tn<lu.st.ry so that production and ~h:tµri::nt patte.1.~1:; 

approach an optimal situat:fon? Inter1·egional product flows and price e~1u.il 

ibriums developed through uae of the linear progr·amming transportation 

m:;d{~l form a. basis from which to evaluate resource allocat:lon within the 

toin;i.to processi.ng industl"y() 

'J~he validity of ariy conclusions pe1 .. taining to resource allocation with..".n 

the t. omato processi.ng industry depend in part, on the data utilized in the 

vlhen deed.dint: upon the amount of basic: data to include in the nl<1del 

one is t.orn between tht::: errls of reality of rJEnageability., .;\ !1.gorous procedure 

't:ou~.d m:cetrnitat.E· the investig~.tion of the Sfhl.tial. relations betw3en each 

produceP and each of his consu.mersa However, the rrag:n:}.tude or t.11e prob1em m:ike:;:; 

for 
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e'luivalent for cat sup, and #3 cylinder aa.n s.ize equivalent for tonato juice,, 

Quality differences W<Jre inc1uded for .fancy, extra standard, and standard gradeso 

Consumption esti.Jrates (cjue) pose a formidable problemo Consumption estimates 

should refleat. differences in population,, inc,ines,' tastes, p1•eference.s, ethnic 

influences and other factors that are basi~ demand determinantoc 

Estirw.tes of ns.tional canned tollt3.to!I catsup.'J and tomato juice consumption 

.;r.e readily obt.ainablf. for the United States,, Howeve~."' these data do not 

reflect state or regional oomrumption differenceso A mudy conducted by the 

UoS.,D,,A., in 1955e\Q/ analyzed weekly regional household food consumption in 

1\;.ha United Stcitea by income groupo Though the study did not. encompass total 

regional consumption~ dif'fer:ences among regions were Jndieater.L, Using per 

cap5.ta disposable income aa a primary demand shifter in conjtmction with 

th~~ U,,S~D.A~ weekly data, per C3pita regional t~onsumption, per capita state 

consiiul.pt.io:n, and totul st<.,t.f..: comiumption were calculr.-<t ed for canned tonatoes r. 

r.:atrmp, and torr.?lto ju.lee,. The methodology used to c!alc•:late atate consumption 

r.:onsum.pt:tr:1n diffe1'enees are dc!s'Lred, 



depending upon the data. incJ.udod.. ry'he degree of ap:gregat ion \1:Ul depend on 

the problem to be arJawered and the reao;,1.rc:(~s tr.at are available, The 

fir>(~t ioodel concern5 .. ng t.he to If~. to processing industr·y included all forty.,. 

eight st.at es,, The same model was also soJ:ved with the f'orty d..ght states 

aggreg:ited .i.nto twenty regions.. Both the non~.a.ggregated and aggregated :r:odt::l:s 

yielded the sa.m<-:? general solut:hm, both with regard to cost an<l ship1r:cn:. 

pattern,. '£hus.~ the :;e,gregation of the data included in tbe 1Ll8.i:.r:Lx: not only 

r·edc;ced com.,utational time but also served .:;s a check on the non....;\'7,Rreguted ~ool'l.:5 i;,;::;. 

P:t."evious studies pertaining to the tomato processing indLl.str;; have 

:tnd.1.cated 1i11perfect competition in the market st,ructure.,J;;V A realistic 

model dealing with :\.rrterreglo1S<SJ. competit:ton wJ.t.hin the to:on:-::~o proccz.3:i.ng 

indust.I"Y should refl2c.:t elemento of imperfect competition,. 'lb,; trnnspod;at1on 

1,, 0. 

ar:d th~:: c.;o.J .. u.t.:t'.)ri 



Gompari~ons fr.a.de between the model eolut.ion and actual sitw.tion \ifould 

in this case~ be more meaningful to deter-rnino if' l"esources have been 

ef.fecitmtly allocated \rl.thln th•~ lndustey~ 

In order to ma',-e the formulated mdel as 1•ealistic as por->s1b1e, the 

following factors affecting prc>duction, comnrmption, and the 11iiirket stru:ture 

cf the tomato processing industry we_·e quantified and includedt! (l} processing 

costs') {2) consumer preferencer (J) product diffe:retit.iation, and (.4) pric::i.n..t; 

i:netficiencieli ,, 

.-~,~~.ne, fgpt,a -~ Computing cost data for a g:i.ven prcduct is often a 

laborous endea.voro Alao 11 cost data are rieldom complete enough to make 

meaningful comparisons" Since the pr-oblems of assemblinp; rel:Lablo cost 

data have at times out weir'hed the value of such compu.tat 1.onn P an :i.mplic:i:t:. 

assumpt:lon of many models dealing with interregional compe.t it.ion has been 

that production or process ine costs are equal between p:r-riducing rep:ions ,. 

Production coats refer to those costs lncu!':~:-ed in the productl.on of tom;, toeG 

for processing whel"'eas procer:m:!.ng coats refer to those costs incurred in 

the conversion of raw tom.'ltoes into canned t.01 a toes .• cat sup) and tom:i.to 

juic:e,, The calculat:ton or product.ion and p:toc.essing co:3ts iG a ~;tud:y in 

1.tself rlY 1'his ~per will rncJrely fihow hew product.:L:m costa and proces.sine 

cos~~s can be lncluded :l.n the transportatic:" Atod;:;;L., 

l!uc':eion and proce:.H:dng e:oet ~:• L.'.e :'i :l n the IG~J'nitude 

.region 



costs are possibleo Regional processing costs may be represented by the 

reg5..onal f .. oob.-. price of the producto This method of representing processirg 

cos ~s asswres that the regiore.l cost of proc:ei3sing canned tonatoes is renec:ted 

by '.he regional f oO.,bo price and that the mngnitude of l"egional diffe:rer;.:es 

in r.o.,boprice is equal to the magm.tude cf regional processing cost. differunces,, 

11.no'.her method b · wh..tch to :meast;.re the differences between regional process. ng 

cos~s is t.o calculate actual processing costs for each state or rfJglcn~ 

!\"O.::essing costs calculated in this nanner would nricessarily be average C<)St.'.; 

but r:ihould show the msgnitude i:-Jf cost dif'forencea bet.wean each region and he 

i·ep;~esentath~e of the regional costs" The effect oi' futm--e regionaJ. eo2.t 

dif:'erences ean be determined by modifying the regional cost est.im-.; te::i ,. Fm 

ins• .. 1nce if it is believed that the cost :::.t1·ue·~u.re for an ent.erprise within 

a g:.·lfen re~ion 'ldll increase 01 .. decrease r-e]J!t.:ive to the i:oc1t struc'.:u.r-e of z.thet· 

reg:.:>ns the cost st.ruc:tu.re in the given reg:i.on can be inc1•ea3ec.. •.:tt' d.::;c:.'eased 

'1..· .,., .. , -~.-.c•t •.>,}P.1ne1tt 10 (. ~,., .. ,!~.· ~.l"'po~··r,'"t ·.;O.'.'l ar1d p.',·". QC.':!'.· .. --.":._,. ,•Tc., I\,_ '!-..;~,,. "CJ""t "•'" ·~"") ·•e1J'. -•: "'g •<V _._,_, "--- "' · J.•·• Q I. v-' L '· ,, __ '<::> . ··!!"' v ''° .• ,,J. ,\--iJ ·~ L -~;::, ••·'' 



product is preferred by· c~nsumer to other :fc1·M::1 of the same produe'.t-"' 

it would be desirable for the formulated rodel to show that the preferred 
.• 

product oould ma1e more r0adily into interregional trade as compared to 

the nonpreterred product<, In this case, the preference of one form of thr5 

product ?Ver another rray be looked upon a.s a coat to the supplier 

of a nonpreferred product o V'iewing preference as a cost to the supplier 

o'f: £;. noli'i.preforred product makes possible the inclusion of consumer choic,zi .. 

which is generally riua.Utative in nature in the tranapo1>tation m.odelo 

Either the cost (t1j) of' the preferred product can be reduced by some 

coat. factor to i·epre2ent the desire for the preferred product or the 

transportation cost of th .. .:. lonpreil rred prodtlct can be increased by 

Gome factor to represent the '11.slike for the rionpr-eferree product,:. In the 

study dealing 1dth the tom1to proce2ssing industry~ the t.1-anspo;~t.at:lon 

eoets tij ns) for canned toma:t.oes moving f1'."',:lln producing regions exe:lu!:.tve 

elf Californ1a were :1.ncreaf.;ed b;r 10 c ent:3 to :r-epresert the w:tl.i.ingn2ss 

cth~.:r producing regions" 

10 

~z:1 the form o.r advE:. tis:.i.ng ca.n be incorpo~~ate:Y into the model by alm::i irt.Jdif;;':l.r1g 



are er:-.atially separated and different pricr~B are pa:i.d for the product de:pending 

upon the elasticity of the m~?rket demand eur";ea :ls one form of pricir!f; imfc, 

f:'!.ciency that can be built into the transportation mctlelo If esti.1nates 

of market area boundaries can be nnde anci if differences :tn price betwe n 

the narkets are indicated, then t.he transportation ·~oots (tlj 9s) from a pr'O·= 

dud.ng region that practices discr'im:i.na.t.or.r pricfog car1 be modif5.nd tr.; :'..n-

cla.de price differences in the separated market.an 

To study prcJducti.on 1.o-cat~.onfJ the i\ cc.mst.raints are modtfied and 11;;1rt::Lf'ical'' 

Optimum 

location of producing areas fo~.· tomato production was determ.5.ned under three diff'·~ 

erent. situational! ( .. ' 
, .!. } unlimited production in every region:, (2) sped neat.ion of' 

a maximUJn production 5-n each ref::;ion.1> and 0) specification o.f a m:_rdrnrum production 



'I'o surrurilrize a)J_ of the :C'indingc of the study i,.;mud be too extensive fer thJ.s 

paper; howev2.r11 the more impo:rtant generalizations should be mentioned, T'ne results 

of the nodel var:iations incllcatedt 

(1) Actual Midwest cats1;.p and juice rne,rket areas shouJ;d be contrac.ted in 

the Nest. and t>,.xpan:l ed South and Eastp 

(2) The actual Midwest canned tomato market ar~a should be expanded in 

the South and cont:r"Jcted ln the Tiast, 

(3) 'l'he Ta~iStatea ;.?;hould gene:raJ.ly follow the curt'ent distr:tbution p':l.t~~ 

terns for canned tom-2.t.1>es:: cat sup :md juice. 

Ce.l:lfornia should don.inute actual shipment.a of the ·,;:,hree products west 

of the M"r:isisaippi riV•3r and a.lso ship juice and GtBup into the Guli' 

State a and New Enp,land. Depetid:Lng on the grade of tomi3 toes Galiforrrla 

canned tomito shipments should re•.:OWih a].l aegmerrt.s of the coi..m!:.1:-y~ 

The produetion mar p,inaJ. values for the cat sup di.st ribut.i·:m p:1t tern a 

:l.ndi.1;ate that if .{]:oduct.ion were to shift between regions an East to 

West production sh:l.ft. would t"et.lu~e ap;gregate costo If juice production 

1:'ere to sh:if't between regions~ the production mz1rginal values indicate 

a1~1grn!ient, of' CJ.nned tnmato produ·::tion w re to nccur between r~:gions, fam;y 

cannecl ;;,omato prociud.i<.m should sh:i.f't fr·oB. tha 'I'ri States to Indiana 



toma t .. '.)es,, cat.sup .:1 an.d juice processors we1·c n.uch h.lghe1• than ta.::: (;;iquilibr-l um. 

p:i.--1..cas developed :5.n the mcv.tals., This dif'f<!renca betwoen t.h1~ Ca.liforn5.a actUS<-1 

and. cqu..i.l:Lbrium. pr;Lces indicat__;s ;osaible pricl.ng in:a.ffic:L.:md.es in the toi:nto 

pr-:::.eess:i.n.g i.ndust,:s.·y~ 'l'l)Zl ifostern region dominat'3s production so concl·:sively 

that the priee in the other producing regions a.ppea1•s dependent upon t h~l s urpl~us 

1.owed, but. th;:;.t pr:i.ce decl'~J.SJS will bJ followed a.re probable causes of ·the 

ca.t,sup pricing policy" 

Utan the regional produe'don. o:t canned tomatoes,~ cat.sup,, and .iu.:tce uas rnrl.;, 

a. p~""Gdutc:rminE:d var:ia.ble (produ.ction v .Jctor constI'a.ints renoved) ~ the a,~tual pro, .. 

duct:l.on. 1-e. ttcrns ci1.:m£_;oj c:ir.siderably, Assumin:~ unlim.itod or r.r:ud.rm.i.n speci.t:ied 



models w.ei"e varied tha eq:uilibrium prices and act.UPJ. :irices for ea.ch pi.'"od.uct were 

correlated in varyine degrees. Fot• inste.nca tho equi.libriWll price correlation for 
., 

catsup (a per.f'eaUy competitive situation) showed an r"- or .,Olil.5 but 11'.lhen product 

d.if.ferctntiation ~.ra.s included in the xooJ.eJ. the r2 for fancy eatsu1> increased. to 

oB90 whic:1 si$lli£ied that. appror..:l..aBtel¥' 11 percent of the ra11cy ca.tsup price 

variation is ax:pla.ined by factors other than those included :tn the model., Tha 

axt.ra standard catsup i.Jquilibrium and actual pl·ices were co1'1~ela.tod to a. l:Jsser 

degraee Thus,, the authors bfJlieve that the trJ.nsportation modal can be varied 

to a.pproa.ch a. realistic sit.ua.tion and the validity o:C the imposed modi.i:':U:a.tion 

can be a.scar-1:.a.incd f'rom t!le model solution arrl the (>,;dsting l\3giona.1 pF.i..ces., 

In }3neralf; the usefulness of the results obta.in~d in att.1.cking cart.a.in int0r-

region.al problems usinJ :ll"ogro.rllrninG met:1ods az•e probably mo::e lir.rl.ted by in-

a.deqw.te data than by tho analy-l:rical moJ.elo 
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