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SUMMARY

Thizs study develops and sppfies & nonilpesr
mathematical programming mode! to detormine the
sptimsa! allocation of pocsssing tomatoes from the 13
lasgest prachucing countics in northers 20d central
California to the 32 processing facilities locmed In the
area.  The malematcs; moxdzl of the indusuy
meorporites cests of hauling emaoes Brom field
processing Taciiities and distingoishes between plands
il process only bulk paste and thess thet process
diversified products including sauces, pusee, ice, and
whole tomatoes.  The study s alse De frst
incorporate explicilly tomatoes” soluble solids content
I thie analysis.

A primary gost of the sudy & w0 gvaluate the
efficisncy of the slioeaion of tomaioes from fams i
processing plants, Severad factors have contridyed o
lomg feld-to-plant hasls in the California tomato
indussry.  Uhbapizationn bax  shifted e primary
focations of production frm the coniral ¢oast © the
cerarpl valley. Seversl coasial processing plaats now
ek a base of localized productiog. I addition,

orpduciicn pesks nt differemt Oy i diffemm
producing regions, so processors wishing to exiend
their processing sea%0i must incur long dstance hanls,
The wmadusiry's uniform {38 epposed o FOB) priving
sirnenus 250 encoumges long-distance haals,

Respis of the analysis reveal modest depamures
froen efficiency in the peevailing omate allorsion
pattern. The average one-way hasl under the optimal
sitocation wes 347 miles vs, $68 miles for e
estimatad aclual sliocation, with a cesulting loss w e
Erfymry of 522 mitlion or 1.9% of grogs profic for
J9RG, Simulsfion of entry of new procossing plams in
Fresnn and Yalo countics suggests Lhat new large-scale
capacity plents & these locations would be among the
most profilshie jomato processing plants in perthorn
and ceswral Califomia. o genersd, e simnlator
msuits toveal an idustey where processors’ and
producsss” fates are closely Huked through isterregional
competition despite thewr beiag separated in many cases
by long distances and high mansporistion costs.
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1. INTRODUCTION

Processing toynatoes sre an importent snd growiap
agricuinal indusery in Catifarnia, but the indusry is in
& povsdurable stade of Sux. As we shall docament in
this sidy, te indusoy 3 waderpgoing comtimuous
chang in the geographic locations and sizes of tomato-
producing faems. I wuen, these changed are affecting
dhe dynamics of the processing indusiry.  Processing
firme locawd i e bighly whbanized Sun Franciscs
Bay Ares counties now lack & sigaifcant base of
fncahzed production w draw uport. These processors
st ofen source mmawes from 100 or more miles
away. Meanwhile now processing factlitfer Bave besn
locaied, mos: notably in Fresno County, in proximity to
the largesi soncentrations of tomaia productios.

This gevgraphic evolwtion of the induscy is =
dominant force affecting competitive relations among
procazsors and Detween processors and growers, In e
shori run, nonalignment of producisg arsas wnd
processing locations has caused romatoes o be hauled
fong distanees and haulage costs w represent & major
expenze to the induscy. ¥t has slso stimolaled
considerebie  interregional  competition  smong
precesions i procure tomstoes. Ower the longer ssig
the industry s wmspending to the geogrphic svolution
of tomato production by gradugliy shifting plant
tatigns, through the engry and exit prosess. o beter
align pianl ocations with the available production,

We estimate that the sverape one-way haol for
Coalifornis processing tonmaioes rermains in axcess of 63
miles.  Although this figure represents & leng and
sxpensive haul, it 8 8 congidersbiz reduction from die
100 mile ksl sstimssred by Brendt, Prench, and fesse
£1978) for 1973, MNuonetheless, the perseption rematns
armong industey participaniy that tomatoes sre stlocalad
mefficiently acress provessing firms and hat mduced
havlage and tmproved indusyy performance could be
agained if 3 belter grywer-to-processor sllecstion of
tomsines were gohieved,

This study snslyzes the sliscailon of processing
womatoes in northers and cenorsl €3ffomia and axsesses
the efficiency of the provailing afloestion patern. We
daveop a nonlinesy optintization mode! o doermins
the optimal allocation of tomawes from the 13 largest
producing connties in northern and centrsl Califarnia to
the available processing facilities in this region. Wih
information obtained from (se California Procoesing
Tomato Advisory Board on the scmal allocarion of
wiratoes, we are shie to compars the actual aflovation
with Lhe estimamd eofficient zliocation and estimate

tosses o the mdusoy from inefficismt sllocation of
topnaioes doross processing firms.

Thiz sudy repmsensis the fist compredmnsive
analysis of the Califomnis tomato industry since te mid
19708, Brandr, Fresch, and Jesse (1978 and Srandt
and Feach {197B) descobed demand and supply
conditions i the industry through 1976 and developed
an peonomemic model of the indusiry to evalusk
seonomic irmpaats of mechanical tomato hasventing and
develop projeciions for indusiry growdsh from 1980-50,
Chemn snd Just {1978}, also deveioped economemc
modeis of the indasmy asiy both aggregate anaual
ame sevies data frem 18851-1978 for the 16 largesm
producing counties and by pogling county-lgvel amd
dine-series datz,  This swdy alse to evaluzed the
irapact of e tomato harvesier. Among the
conciusions was that ohserved markes msponses e e
harvesigr weore consistent with sn oligopsony markss
structums in procurement of raw fomaioes.”

The antecedent to these swdies and the fimt
comprehensive analysis of the Californin prooessing
tomalo indusizy was snalysis of grower-procassor
integmation conducted by Colling, Musller, and Birch
{1959, This study provided the Bt in-depth analysis
of the growser-processors conlrasts shat prevail o this
day in the industry,

Tha present stody I distinguishad from i
predecsssors in nndenaking an oplimizatios rather than
an economewrie framework and focusing specifically on
Lhe subjast of sptimal grower-to-processor aifocation of
womaliez s ansporation sfficlenny.  Chapter 2
movides an spdated description of the processing
tomato indusiry, incleding consnmption and trade, farm
supply, procsssing, sud markesing  ACaNgeLHOGs.
Chapter 3 develops some conceptus! (XERIS GONCSMINE
pricing and (ransporistion in a2 spatisl market.  In
particaiay, it is shown that the uniform pricing system
emploved by the Indestey 3 certain @ st 1o
inefficient tremspertation reislive to an FOB pricing
SYSIEn.

Chapter 4 sers forth the optimization model and
doscribes dats soumes used to parampserize the modsel,
The main analytical results are provided in chapter 5,
where optimal vs. sctesl tomatn allocations are
presened and compared,  Chaper 6 exiends the model
to look et a longaun egstliprium Formudssion and
1o simuige e entry of wew procassing plants. Fimadly,
chapter 7 affars concluding commants,



. THE CALIFORNIA PROCESSING TOMATO MARKET

Tomaroes are the secomd highest valved vegewble crop
in the U8, ranking oniy Behing potatoes. In 1991
California produced %82 niillion tons of processing
lomatoes, Over 90 percent of the wusl US crop
Processing tomstoes are an migsal componeni of
California’s sgricuituesl cconomy,  The 199 o
gonereled $633.1 million, making processing Inmatoes
the Stare’s highest valued vegetable crop and sighth
highest vsive sgricuburl product overail,

Production of processing (omaioes has increased
rapidiy in Callfornia is cecont years 33 Figure 2.1
daxcuments, The (98% harvest of 86 million 1oms
shatiszed the 1373 record harvest of 7.3 million lone.
Producton contineed fo rige antll 1991, Production was
wduced ko .9 miliion tong b 199 a5 & conseguenos
of the decline in fnished product orices, This chaprer
desches  warious dimensions of this imporant
Caltformis indusiry, inclodiog consumption and trade,
fars: supply, che provessing sector, and marketing and
EENSRETALION ATSREEMEents,

Consumption zad Trade

Processed tomato producte form & major part of U8,
vogeable inske, ranking bBrst among fen ad
wepelabis in conimibutions o the diel Per capita
somssmpiion of processed tomato products in the 1.8,
rose from about 62.1 s, farm weight in 1970 10 703
B in 1900, partly as 2 result of the incrmased demand
for Tualian and Mexizan food prexiupes.

The increase in esiuc-added produc:s, such as liaHan
saunces and Mezoen Foods, produced either for home
use or for the food servies ndusiry, bave shored the
composition of production. Balk paste is now sold
conmunaniy a3 an  ingredient ¢ ¢gher  food
manafactarers. Stme processors purchEss fomatoes
Eom growers and moansfacnire and sell processed
goods zuch as pasts prodecti Consamer preferences i
Treakfast beverages Bave brought shout a decreass I
wmiate jxice production as consumers have shifted to
orange kice.

Factors miluencing the demand for tomatoes include
Tising conswmer incismss, which generally dhminish the
demand for canned vegembles while inoreasing the
daeand for fresh graduce, Demand for convenience
focds and food servics bas incressed as househokd
somposition has changed. Tomatoes form an importes
inpredient in gw fast food and regasvrant indastiries,

World demand for lomate praducts s 2lze rising.
although per capita comsumspuon rales differ widsly
acioss souutrics, For 198550 the US, war i latgest

per tapity oonsmiier foltowed by lmaly, Cheece, and
Canada, Counutes dhat presemily consume liale
processed omate prociucls include fapan and ihe UK
(3.8 and 18.5 Ibs. farm weight per capita, respectively),

Tabie 2.3 summarizes U8, import and expory
volumes for processed tomato products for 1570-51,
The 1.8, has aaditionally been a net importes of both
wmato paste and sauce.  However, the U5 axpon
voiume of these conunodities began o inoreass rapidly
in 1959 coinciding with the series of recond California
harvests, In 1931 The U8, was & vet exporter of paste
for the first e, Sauce bas alsg moved strongly o
the net export caegory afler Baving beon & nel impon
prior 1o 398

Sufitvan {1992) vies swong demand for 2omain
prodfucis among newly indusiialized couniries in Latin
Areriea, the Caribbean, snd Asia. U8, expons,
however, have continuad o trget mditionsl markets
m Canada and Japam, leaving Clule to serve i
emerging murkess. Pasie expons to Canads e 1991
wmiled L1 million Ibe, 84% of toty) U5 pasie
gsxporis. Fapan was the seoond largest paste ymparier
with 16.4 wmillion lbs, Canada also accountad for B4%
of {L8. tomato sauce impors--30.5 millior s, while
Fapan fmported 9.3 mullion Ibs, during 1991,

The U5, has waditionally iuported the greasest
gmount of wwnete products from the European
Coenmunity. In 198483, 51.3% of U, tomun putte
imporis were from the PO, Ismel was secand in paste
imports at 17.3%. with Mexics third at 13.0%. The
import zitmstion hac shified dramatically in the past
seversd yoars, however, due {0 esiabhshmen: of
praxduction guotss on sebsidized Europess Community
production and inposition of higher taedf (from 13.6
so HO% of value! o Bponts from the BC o0 e
{Uhnited States beginning in 1988 iz remliation for the
BC's ban or hormone-fed meat products. As a sesalt
paste impors from the BC have sssentially disappearsd
and Mexieo i3 now the dominant exporter of pasic to
the U.5., shipping 59.3 million lbs, in 1991,

Mexico's processing onste indusey js sonoéntrated
it the Sinalos region, where & of 1) Mexicas
erecessiopg firms  ere ooated,  The cument industry
processing capacity = Mexico js 590,000 mewnic rons
per year {115, Depariment of Agriculmre 1992}
Investmient in processing capacity in Mexito s
sxpesied to inorease pardy doe 1o gew Mexicss Taws
thist will facilizate invesunent by U.S, firms,

Modican yields are oply half as high as in
California.  This factor eoupled with Righ shipping
costs and & Lariff of 136 percemt have fo date offzet



Figure 2.1. California’s Processing Tomato Production and Value: 1960-1992
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Mexica's  compuaratively  lower processing  Costs.
Hawever, tariffs see scheduled to be phased out under
the Nerth American Free Trade Agresment INAFTAY
aganng A sigsificsst  Intmease  im Mexice's
competitiveness for U5, pmcessing tomato sales.

The final ovicone of the GATT negolistions may
have lizde effect n Buropeas expons 1o the 1.8, singe
npw foreign producem have begun shinniag so B2 W18,
markat sf low cost. For examgle, Chile has emerged as
& force on the imtemationsl tomato sroduce market
with & 24.5% share of U5, poste boparss, Toracl is
apw third @t 6.2%.  Toras pexiscton i3 albe
emerging it u mombor of other locarions fachding
Eayiern Evrope (Bulgaris, Husgwy, and Yogosiavia),
Agiz {India and Tatwan} snd South America {Argenting
end Hrazill, Many of these nationy bave the woil and
slisnatie sonditions necessary for intressing producton.
However, iofrastrucinre 0 support efficient and
competitive production sppears 1o be o major factor
limiting expansion of production in some ceses. In
addition, high 118, production levels in the 1990s have
reduced world paste prices and, shus, insentives o
expand production,

22 Farm Supply

As of 1953 there were @86 prowers of processiag
lomatoes i Californiz. The aversge grower plans
zzourd 308 scres of tomatoes sanually. The historic
peak I harvested sorvsgpe for Oslifomis prossssing
inmatges wes I 1RRY At neardy 30008 In yrao
between 1975 aad 1989, harvested acresge remained
below 256,000 seres with ke excemion of a harves of
278,000 sores in 1977, However, somegs begss o
DOOm in 1989 with 276,500 acves wd then Increaseif In
s new record Bigh of 32000 sores B 19BL. Low
prices inspimed by thres successive lmrge crops
prozpied & sharp reduction i conuwaoned acwwape o
enly 245,000 wores in 1992,

Yields bave alsa increased. Frow 1986-91 viekd was
stadle in the 26-32 wns per acee ranpgs. By comparicon
yiel in the 19705 ranged from 2229 wns per acre.
Significant improvements in yield snd sofids content
have come with new tormato varetles and improved
pest and weard conmrel,

Most tomato growers procduce crops in addition to
tomaloes.  Rolation with  other orops  maintaims
productivity of individual Figlds, Wheat and supar



Tabde 2.1, U5, Imports ad Exports of Tomato Products: 1370-19%91

Tomato Emports (000 1.} Tomato Expors (000 1bs.)
Yon Pagte' Sanee® Whede Palp  faste Savce Jeice Catzup Other
& &
Peree Cing
1970 91,382 e X 5904 4,501 12,8%7 6957 %145
1971 G570 118 557 8853 3467 12345 THR 1738
92 126241 i58.030 8,161 1,246 $1452 7,534 199293
1973 18915 16H, 148 36,922 6,352 21,429 F.5941 24659
1974 45218 66,051 48,313 6,419 20263 10338 26,65]
973 26,581 £8.914 22,176 6,142 32,828 15014 30143
{978 35237 14,184 A2 £ R 45,982 15,854 458
977 55,192 T 28,597 8,187 4] 684 4714 E2u%

1978 35.99; e 74,1658 4217 4545 5,738 HLEAI 12,303 28,165
F5: 250 42088 2,754 45567 2881 38333 RS 28,6060 18078 #3685
190 25,465 1651 39,881 3672 235,404 8401 32030 23832 34,952
3234 65,200 G116 97230 2,088 24534 014 34,563 27,784 32,1594
1982 158,029 21824 167,008 1,301 225586 6,313 26284 27,580 19,987

1983 160,747 2302 1R6TN /75 235564 6,701 (3,852 33,458 14,062
984 151045 20 233587 7o 2B 5,883 M3z 28382 11,953
HU R F BES8E ZEans 13%¢ 15691 4723 11,984 18,02 15539
W86 130625 197335 197559 i1 12.234 & 187 15006 183G 13902

98 101247 178587 8,587 2306 8440 §479 13272 234% LR
WEE L0763 ITES8 175528 4732 35618 662 1BEAS 26447 11,842
1989 228400 111,590  1115%0 11,233 30,302 58,781 12818 33,782 9,124
1990 136013 137202  1¥i2e2 £988 84,724  H38R3 16,524 35,197 14,189
1991 Q4954 1148 11484 R700  TZE8T 79148 630G 351 174600

* Incides ampe prive 1 1978
* Tomaio-based sEaces comtaining adEtionsl stasonings not included prior 16 1980,
7 Products not classifed elsowimre.

Soures: Vagewliey amd Sprelalties: Sinuation ard Gurlook Yearbook, 118, Depaniment of Agricultare, Ecenorie Research
Service, Dec. 1991,



bepts are commoniy moated with iomaloess, However,
the specific crop ased in rotation varies by arca of the
state. Depending upon the marker and local preducing
conditiors, the same field may B pianted in tormatoes
fop CORNSTTIEIVE FOars.

Hiztorically omato production was guis widespresd
i Califtwnis as shows in Pigare 2.2, which depicts
fornsto soreage in the mid 194800 The darkest-shaded
cinmtes represent e gresteyt number of aoees. During
the 100y over 3000 growers produced on average 32
seres of tomatoes for either the fresh or processing
rarkets.  The Iocation of production bhas changed
considersbly since that time sz comparison of Figure
2.2 with Figure 2.3, which depicls acrrage levels in
the late 198Ds, Hlustratés. Urban expansion has been
the primary factor in eliminating processing tomato
asrgags in Los Angeles, San Maten, San Diepo, and
Alaragda Cousntles and redueed it moge than 35%: in
eomniise such a8 Sacramento and Sams Clara, Fresao
Comty & wow the op producer in the siste after
maving 50 aores reported mmOI9GD. The riss of
proluction in arid coundes sach as Preens is mimasily
a szl Of swtended Ingation and drainge prokots,

Along the Califomia- Arizoas border in he Impenat
Vailey, it is possible it barvest tomatoes almog
continually from mid-Msy to midh-Novamber, although
in recent vears harvests have ended by Jaly, In general
the harvest season lagts 19 weeks with the major pan
of production occurring betwaen July and September
{Mozlon and Pradham 198K,

limmte patterns actually sbiow harvest o begin in
the Moritem maost producing coursy, Coluss, nesrly as
early & in Fresno Connty, over 130 miles 1o the south
Coasal countiss sach a5 Moniugy, San Benito, and
Sunts Clars bogin production severs) wesks later, Late
prodiuction I sl aress 15 volserabls to westher
seobienss, Coeasionally snseasonable raing affec) peak
harvest periods as weli. In 1976, for example, ceady
34,000 geres were 1ost 45 a result of cain in August and
September,  Figore 2.4 depivts the weekly harvest
pattern for the various tomato producing regions in
Califoraia.

Aversge time from cmergence to harvest iz 115
days, but erergence and e percentags of matere fripe
but not overly ripe) frait gt harvest are strongly effecied
y planiing date.  Shng o al, {1979 found ta
txnames planted on Marck § wok 25 duyt 1 wmerge
for a July 31 harvest dare with 83% mawrity” Peak
rstrizy of 3% pocurred with & May P plaming dale,
S day emergence, and harvesi an September 23,

Sitme the adoption of the mechanical barvester in
the 1960s, there have bees only minor changes in

prodastion wehnolugy.  The harvester has enabled
larger-siale farming and contribuied (o allgviating the
labor shortages crealed by the end of the Bracero
program’,  Lahor weguirernents changed from ek
iaborers 1o worter eborers, who Sit uposn e haveesier
ard remove sun-seaided. wormy, and moldy fmidrag &
pasges by thes ou 4 onveyor belt.  Electronic soeters
remove green froil and ding (Sims et &l 1979

Procesging fomatoss a2 grown with spesilie
charactaristios for differen ond uses. Tomaioss with &
high aofids contem: produce more output of producis
which are defined by their solids conlest including
pasie, catsup, and ssuces., Some varicties provide
greater Pow consistoncy which is imporant in some
produsts including catsup and spagheiti sauces. These
varieties com be blended with high solids varietiss o
provide the prover mix. Yardeties with arifermity in
size and coler sre sepecially importars for whole snd
diced produsts

Califariis tmsioos ave isspected prior io delivery
at imspocion ststiom: overscen by the Provessing
Tamato Advisery Board, 2 joint bozrd of growers snd
processors. Two zamples from each losd of wmanes
are mzpectesd for deferts such as gun scalding, under-
or over-tipeness, mokd, worms, maerial other ihen
tormatoes, ¢ic., and tesied for solable solids contest amd
color. Excesses in the defect category permit rejection,
but typically defects are a1 a low level, and payment is
simply reduced by the percemiape of dafect over an
atlowable pereenlage (0 o 5% depending on type of
defed), These peaalines provide inueniives for the
grower & mainiain reasonable stasdords at the field
sorving level Solubie solids contere promibums wre paid
by meny provessors,  These premime provide
incemtives fir choosing high-solids contest ienmsio
vareties and dizcomuge lale applicsrions of waer
which wawid rais ihe weight or yield pér acre without
providing commmensurate additional solids,

Information on the characteristios of a load can be
vepd by multiplant processars to determing  the best
processing site for . A lost with high soluble soiids
may for msiance b delivered ta a plant primanly or
wholly devoted to pasts menufacwre.  Allersatively,
st the plant lovel the information may be used i halp
dersrming whish produgt Hoe the aconbay load of
womatoes will be sent to. I plants that provess diverse
produtty-whols lornstoes, sauees, pures, 5ass, ok - the
fomaroes with 5 befer appearance are ssually diverted
w wholc tomato lines, while omaioes with high salids
comiént wre preferred for use in paste and saoce
products,
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Figure 1.4 Seanonal Vaviation in California Processing Tomate Production by Reglon for 1989
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&3 The Tomato Frocsssing Technalogy

in 1989 24 womato product canxing and paste frms
aeerated 37 plamts for  pwoosssing  torssloes i
Caiifomia, a3 comparnd (o 57 fvns operating in $935
Since 1989 five plants have oponed and six planis have
Slose 4. hnosdditon, e s g fow firres which ue
only 2 fow tons of Iomatoes snnually, inchuding fruit
sl vegetsble drvers and Freessrn and & liguor
MESES SR

Figare 2.5 depicx the loogtion and varioss sizes of
phans in Califorsia. Aa X, 1. M. aad 8 in e figure
represent & plast processing over SOEN raw tons
enrugtly, from 3S0.000 0 SO0 was, From 212.000
o 350,000 fons, wid from 603,000 o 20000¢ was,
respectively.

The largest single rrovessed product by volome of
input. as well as finished product, is lomato paste.
This category includes bulk production to be sold to
ather food manufactarers. Ower 10 million tons of
paste are now produced anmually in the U8,

-l

represesnting a doublisg of praduction over the past 20
years. For each year sincn 1985 betwses 30.60% of
the Callfornia processing tomsdo crep has besn
packaged as bulk pasie.  Four of the five new phanis
builf since 1989 process oniy ik pasie or oder ik
products. Balk processing capacity was alse added by
divensified- proddadis procesions,

Varoes ssoces inciuding purse, proond womasoes,
chite and pizza are (e next largest catepory for Jiresy
provessing, followsd by whale peclod tomsioes. Whils
each of tese products are mamufactured in Ualifornia,
Migwestern U5, production has Been sriented towards
less concentrawsd products soch #8 whoie canped
tomatoes and tomate juice. Midwesrern digadvantapes
in prodnction costs are outweighed by lower wansport
costs to Fagtern moarkets  for the Jess  highly
concentrated products (Brandt 1977,

Upon arrival at & processing plant the tomaloes are
transferred into a watgr flume which takes the tomatoes
through three wash stages and conveys them on o the
sorting line. Sosting systems vary according to final



producss,  The fitst groups of soroms muy temove
“abeolure waste” 2nd tomlly unssable  iomatoos.
Estiowed by 4 growp that wims defests,

in diversified-producis plants completely sound
tomatoes 474 pit int) Lhe pesling ting, and oiher fruit i
left on the pulping line, The fruit selected for whole
prxiucts 1 peeled using either 4 steam o chemical
progess and diversed 1o aliarnative canning Yines, Here
cans are fled, syrup &5 added, and e cans are ssaled.
Canned items are then cooked znd the seams are
inspecsd.  Caas are alt or water cooled at this point
and are then stacked on pallets and mrepsred for
FanspoTlaticn 10 the warchouse.

Tomatoes 1o be processed ints pulp or paste
producis are first chopped and then heated, Next the
tomate puip is pumped ¢ 2 holding lank from which it
is fo nio a set of first stage evaporatoss fat remove
water from the pulp. The product is thea fed throngh
“linishers" that exmact seeds and sdns.  Tomato fice
i6 them separated from he comcenirate and diversed 1o
holding anks from which U i3 subjecsed o an
adifitional, low-lemperatire evaporation process. Putee
i alio punped to & sepwrate evaporstion procesy, The
Pasie concentrte ia diverted o a taiding lank Froe
which ¥ is wserilized and Hash coqled,

Is 2 plant that pmcesses omly paste, the pasic 19
gmuped 1o holding taeks and typically packed into 200
galion boxes or 53 gallon drms.  In plants
manufactoting diversified romate products, the juice i
diverted when it reachss the appropriste level of

SANCEnisgtion to melie glitmative end produces. suck s
piesa ssuce and lommo samsup,  Varkews ingredienis
such a3 spices, sweatener, salt, sovbean oil and cittic
acid ate sdded tefors the materds! & canned {8 arhind
and Chiassi 1986),

Balk stomge of mato products has primarity been
used for tormatd paste, This process has snabied many
wanate  peoduct  manufactwrers o seonomically
remanifacmre iomalo paste iGiG vanous consemer
prococis such st catsup, spaghend and pizza sanss, and
fuice. Ir also allows many manufacturers 0 axtend
provessing beyond e harvest season as well as lo
provide a product which can be remansfactured closer
1 the consirption point.  High geality bulk swrage i
now gassible for whole tomatsms {Gould 1493, 5. 228,
which Shouid stimulste funther restructuming of tomato
prodduet thanufectiring. & pumber of planis ones
speciahizing in paste manufaciuring sow produce siker
bulk prosdects.  These other produsts such as dieed
WOmALTS may 450 be vsed 25 an infermediste inpet to
erher products such as spagheni saues. A sumber of
Modwestemn plants perchase California balic comamo
prodects and  mmanofacmre them DD consummer
products.

2.4, Murketing Arranpemenis

CHower-proassens wansactions is e processing wmate
dosry e accomplished  abmest exclusively by
forward contracting, In 1991 98.5% of the procsssing
omate soreage wad wnder coawacl, The forward
conact specifies the number of tons the fuemer may
deliver on » weekiy basis, and growers way be requized
W hald tomatoes i the Seld i over supply exists
Other provisioos may apseify the field in wisch (e
tomanoes are growp and the variely grown.  Any
preatipmi or discounts bused on wowte guality will
#isc be speeified in the contiuct. Thess provisions vRTY
across ficrng. Frovessors alse ofien offer prexiums or
tute~ gnd sornstimes for sarfy-senson productics. These
Semismos also vary by processor and sometimes sven
by plaat in the case of malti-plant processors,

The Calidfomiz Tomato Grewsrs  Association
{CTGA}, & bargaining association, hag nepotizted on
comiTsct provigions since 1973, Brandt (1977 reporied
#r membership in CTGA, with 70% of prisduation in
1973, The curmest CTGA membership e 5 ot 50%.

Figure 2.5 shows that some ounties such as Sen
Joaquin, Stamislans, Merced, znd San Benito/Semsa
Clora, bave & substamssily higher concentration of
oMt processing plants ihan olhers.  Comparing
Figares 23 and 2.5 iflustrates that processing capacity
i not necessarily matched with produciion, due traindy
W the reovement of taw romate prxlaction over ime
as described earlier, Plamt closures wnd openings since
1589 show some improvement in (his regasd,

Transportation  cous  comprise & significant
sataponent of processing and merketing costs for
tinatoes dee parlly © this geographical mismateh of
Provsseing copacity and maw product production, Ta
1989 there were still fowr plant Opirsting In the now
subsmatially urbanized and industrialized county of
Sama Clars,  The first processing plant in Fresno
County opened = 1989, even though Fresmo Couniy
has Heen California’s top somata producisg coumty
sinon 1982 and a rador producer since the aid- 19805,
Cruprall, the processisg sector has bees siow to follow
production, meiing e efficiency of ansportation aa
wnportant dssue for the industry,

Growet-{oprovessor  sransporation  gosrs have
averaged from 8-12 dellars 2 wn, roughly 15.20% of
We faom price.  Trucking rales vary by loeation snd
fivrs and year; 2 fist Tee of $5.00 per ton + 10 cents per
on per wwile was ypical s the early  1990s,
Transpesiation cosls are paid by processing firms,  In
\Ee Btemture on spatial pricing, thix sranpement
mprtsenls & uniform pricing scheme. fis tmiphications
are discussed i the next chapeer,



¥igure 2.5, California Tomato Provessing Plant Locations
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An asterisk following the Jetter

indicates a plant which began

operations since 1989, a prime
ineBicates a closure since 1989,




While any particular county may spread its
production for 10 or more weeks, it is necessary for
firms desiring to continve operations for longer periods
to procure tomaloes from altemnative producing areas.
This situation implies a management problem for the
processor in lerms of balancing transportation costs
against additional production and better plant
utilization, Firms must decide how long and at what
rate to operate, where the operating rate is determined
by the number of processing lines opened. A plant
can organize to process "quick” products, such as
paste, at peak harvest and "slow" products, such as
whole tomaloes when harvest rates are low,

A second consideration affecting transport miles is
the need to ensure even delivery of tomatoes to the

10

plant. Plants are encouraged to spread purchases across
counties to ensure that locally poor yields or damaged
crops do not unduly affect processing. For example, in
1989 almost 3% of planted acreage was not harvested
in Yolo County. At yields of 30 Lons/acre this volume
would represent an entire week's processing for some
plants.

Thus processors spread their production coniracts
beyond the distance which is necessary for adequate
plant mput for 2 reasons: (1) to conduct processing
prior to the time when their location comes into
production, or after it ceases and (2} to diversify areas
of production lo safeguard against locally poor yields
or damaged crops. Hence, firms do not have exclusive
control over local raw product markets in this industry.




3. PRICING AND TRANSPORTATION IN A SPATIAL MARKET

Processing romatoes am s dulky and perishable
precdoet. They are relafively costly to ransport. The
diffusion of processing lomats production poross 4
large portion of Cahiernia as detalled in Figure 2.3 and
the pasers of provessing plant Jocation shows in Figure
2,5 mean that tomaioes ase oflen shipped long
distances. in 1989, the bass vear for our analysis, the
sverage one-way asul for s josd of omatoes under the
profit-raximizing allocation was 57 miles, and hence
snSpOrtation costy coniprise a significant porion of
the cosls of marketing and processing rew (OMmatoes,
This chapier discustes pricing in spasal awrkets angd
demomstrates how the cheice of 2 spatial priong
scheme affects ransporation ousts,

11, Spatipl Priving

Spatial considerstions complicate firms' decision
msking, A fundamenisl Msue is how transportation
casts affuct price scheduies and, hence, supply acoruing
e sach procsssing fivm. The grototype made of spatial
pricing is FOB (froe o board) pricing.  When applied
on the seifing side of the marker, FOR pricing implies
that the scller charges a uniforrn "mill" price 1o 8l
ougiomess, who then are rosponsibie for manspornation
zogis incurred in shipping the product. The anslogus
g FOB pricing on fhe imput-buying side of the markes
iz when the prosessing frm offers a uniform price at
the plant gow, and sellers are mesponsible for costs
incawed in pefting the prodict o the factory.
Although seliers receive Giffersntisted net prices. FOB
pricing represents nondiscriminatory pricing in that no
seiler pays mote or less than e cosis of trangposting
Biz own prodiuet.  In this semse. FUMH proing iz
chamaptenized by an shsenee of cromr subsidies among
EIOWELE,

Deparnares from FOB pricing are comuixm in
practice s Greenbnt, Normmas, and Hong (3987, ¢, 1)
document. Any pricing scheme that depsaris frons the
FOB standgrd is discriminatory it that it vioistes the
aondiscnsination standard s8: forth I the previcus
parzgraph. In principle, discrimination can lake one of
two forms:  freight absorption o phantom freight
charges. Undeér freighe abscrption, the selier is charged
ks than the full cost of shipping his prexiuci, The
plani-gate price is sef comespondingly lower 15 reflect
the buyer's payment of shippmg costs.  Prxing
whemes that absorb freight Ssorimingte against sellers
lovated ness io the processing facility who subsidize
diztant sellers,  When phantom freight charges are
sabtrpcted from fhe selier’s price, e plant-gare prics

i}

can be raised accardingly and, hence, diserfimanution is
Against distard seilers,

Phanton: freight charges (chargos i excess of actasl
wamiport cost} ¢an asually be undermined by selier
arburage, because sefiers lncated near to the processicg
pant can buy produgiion from distent ssllavs s
aequire the difference beiwesn the processor's ghantom
freight charges and actual cost of transporation. Thus,
most dtenion in spatiz] price diserimination is focased
on freight sbsorption. A pardoulsrly acute form of
freight abworption, wniferm pricing is practived in s
{atiforniy tomato processing xdusiry, where processars
vifer @ unifors price & growers sogardiess of e
sgrowars' distance from the processésg olant’ The
processor pays nominaily for sll transportation costs.
Of soursz, the price paid 3¢ corvespondingly lower than
the plant-gste price uder an FOB s2t up, thus
generating the conclugion that nesshy growsry cross
subwidize dsuen growers,

Several tactors havs conmibated 1o the smergesce of
wrniform pricing in the Calforsiz fomarg industry.
Flrgt, 1 is a simple pricing systesi chal probably
misienizes contracting costs, Second, processing firms
are beter poised than growers w0 deal with tracking
firms because of their superior barpaining power
relative (o growers and because processors” selative
fewnass in mymbers minimizes the contraciual coss of
deating with frackers. This pricing zystem has 2 long
history in the imdustry, Collins, Mueller and Birch
{1935} report that the system was famidy entronched ia
1934, with processors either arangisg  hauling
themselves or paying growers a hauling silowance
equivaieat roughly to the goiag tuck rae.

Umiforts  gricing  alse  seflecis the mature of
comperitive mizfons in this ndustry. inchuding
overlapping market sreas ansong processor.  Ander
FOR pricing, processors market areas o uot overlap,
Growers ship #: whichever procosse affers the highest
price adiested for wensportation cosis.  For exampie,
consider two processors loemted | ot distance apart,
let w, snd w, represant the provessors’ mill poees, and
let t denote the per-unif Irenspomadon costs. Chrowers’
net price 1 shipper 1 under FOB prwing is fousd by
submacting irsssporation cosiz fom w, The marke:
boundary. 1), between the two fioms s the location
where thelr two et prices are ideatical:

w, - Gl mw, - (1 - LB
and setviag for LS yicids

(3.1 L (o, -« w3« 21



Figure 31, Market Bowoduries Under FOB Pricing
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As iHoswsted in Figwe 31 gl geowers loosted loss
than 1 distance fram provesser 1 ship to that processar
and all others ghip o provess 2,

A nuinber of compoitive lactors promote market
avertap mnd, hence the wnergence of voiform rather
than FOB pricing ix the Californis processing lomazo
mdusiry. They include provessors’ desire 1o () extend
she prowessing season by attrscting tomarxs from
mudtiple growing regions, () spread sk of crop
faiure by contracting for tomaioes across a broad
geographic ares, and (ii) attract tomnatees with special
characieristics such as high soluble solds content, In
addition, as compaeison of Figures 2.3 and 2.3
illusrates, shifts o production bave Ieft some
processing plints wiibows a sigaificant hase of localiy
Srawn toraions, These procmiiors must aecsssanity
then attract tomatces from growers in mowe distanl
regions.

The koy point i e of choles of & prieng
scheme v that in ocder for fisns 0 sucteed in
procunag aaw preduct Trom distant regions that are
groximaie to nival plangs’ locaticns, Uny must sel price
competitively in these Restions, An FOB price mings
iong distance Bauhog oosts wil not normsily be
competitive in these siwations. A uniform priss. on the
neher hand, anables # processor ' compeis effestively
in distani regioms, while exploiting s locationsl
MOTGPSONY POWET Over PIOXIMae gowers.

{inder uniforen pricing, & processing firm wishes 1o
extond its marker oniil dm uniform price w oples
wangponation oosis L just aqust 35 Ret mergingd
revenpe  froms  scqmiving  addRtional raw  tomato
prodaction, Por example, consider 3  fomato
processmg piant fhat produces paste, which is sold at
price P per unit and i processed with constant cost ¢
pet unit of output. Finally, let G » AR denpte the fixed
rato at which raw tomstoes, R, are converted to tomato

1z

paste, Q (h = 0,16 for paste). The provessor's market
boundary, 1° ig then defined by the condition
- *
and, therefore, ® -k mw il
(3.2) L' w [[P - cYA - wiL.

Determination of 4 fism™s profinmadimizing uniform
or FOB price depends upon several facion, including
Lhe elasticity of zrowers” raw product supply schedules,
patre af the spatial sarface (c.g., & Hog ve 6 planel
density of producers on the spatial surface, and panire
af competihion mmeng prowessors. A detailed
discussion of spanal peios determination is beyond the
scape of this study.” A bey point 1o phaerve, however,
is thet a discriminatory pricing regime seth ps uniform
pricing can effectively “drive out” sondboriminary
FOB prcing. The reason 35 dmt in spabial mances
competition occurs only & finms’ marke: bousdanes.
Growers Jooated near miaket boundarivs can casily shift
their production o alfernalive processrs, wheress a
orocessing firm possegses murkel power over prawery
located near s plani becauss of the selatively Righ
costs of shipping teir production % 2 Jislast pland.
Relative 1o FOB priciog, uniform pricisg exploiis this
market power by fedncing prioe to nearby growess and
raising price o digtant growers, Thus. yniform pricing
makes a firm moe competitive at i market
boundarics, and, ceteris paribus, will enable that fim
to capture marker area from itz FOB-pricing rivals, T
maintain their market sharegs, these processors hve ©
respond by invoking similar discriminatory poicing
schemes and, hence, FOB pricing is driven out.

This conclusion heolds as lonyg ss there wme not
multiple processors located ui each provessmy s,
The reason is s when the processor discrimdnates
agninsi mearby growers uwder a uniform pricing
scheme, he 35 vulnembls o losing thess groveers 0
neachy {not distant} rivals if any are avallable. In other
words, an FOB-pricing dvad located prosimaic © the
discriminating frm’s plant will be abile 10 offer 2 betrer
net price o locel growers than will the disorinunuting
processor who is preedcing froight alworpiion and,
hence, discriminating agsnsl Usse growers.  In s
sense, I there e mukiple noncolhuding processons
located at each production site, FOB pricing is resworad
=8 the equilibrin pricing scheme.

I sum, 2 vamely of sfficiescy-based  and
competitive factors kave contrmed 10 the athergonde
of unifoem nrcitig in the California processing Wimaio
industry. The key point for purposes of this analysis is
that uniform pricing facHitates the oveslap of markets
that is also a charsctedstic of the industy.  The
implications of uniform pricing for tomato shipping
costs are smdied in the next seeihon.



A.2. Spatisl Priclag end Transpariation Coste

Uniform prices and overlapping rearkers Jead 1o higher
tanspartation costs to atlocate a given amournt of raw
producs than would be ineurmed snder % system: of FOB
prives st sonoverleaping muarkets, cesviz paribus.
Thie polnt can be demonatraied using a sirple model.
Corsider once again o0 ontisd processing Boms
foomtad 21 the end points of a Hane with unit length and
farmsers kxaled alomg the Bpe with uniforms density.
We sssume for simplichry that the avaliable supply
feom farmers is fixed with respect o price, sl without
loss of generslisy this lotal supply can be noemalized to
1.0. Each firm produces a homogensous product Q,
say paste, from raw tomatoes R according to the
conversion rate (= AR, The firmy ave price takery in
their processed product market, selling pase for price
P and ingurting pey-unit prosessing costs pqusl to ¢
Under any equilibrium the fums will pay a common
price for raw wmatoes. As u reselt amder FOB pricing
Hensical frms will alweys divide the market egually
among temseives. Figure 32 dustisies the oase

Flgare 32, Market Boundaries Under FOB and
Tniform Pricing
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where the firms™ mill prices are ' amd the FOB
pricing schedule is formed by the equation w* - L.
Total manspontation cosis, T, can be compuisd as
Twlnvy, distance wavelled]xicostfonit distanceix
Feolume shipped].

Averags distance travelied undor the FOB arrangement
is easily seenm o De 1747 Thus, gives that guantity is
normalized o 1.0, the ol Tanspomation coss under
FOB pricing are merely

3.3 T = (143t

13

Bguation {3.%) defines firms® desimed murket area
under yniform peicing. If L° » 1/2, the markets will
overlap. Let 0 £ M % | define the area of overlap.
Then {1 - M)2 represents each fm’s monopsany
market area Ay imdicated an Figaee 110 Avenge
ransportstien distance i the mOROpSony Aresy i
siply {1 - M4, whereas io the disputed area, # 18
2% Thus, wesl pensporation cosis wnder uniform
pricing are

£3.47 T w {104 x {100t + VM = ({1 M4,

where the first and second terms calcuiate costs for the
monopsony aneas and disputed area respectively.

Comparison  of  equations (3.3)  and  (34)
demongtrates that the added wansporadon cosw from
uniform  pricing  depend upon the  amvunt of
overlipping market ares, For example, ¥ markets are
fully overdapped (M w» 1), vansportazion costs am
double thelr vabue for the FOB-piciag regime, whamas
as M —3 {, ansporietion costs CONVETES 10 the SRS
valne snder sithey reghoe, In this sense any exopenias
factors that increase 1.° (sach as an moreass in {P - ¢}}
alse incrense M ang, hence, T°. T in conecast rensains
fixed at {I/d3,

This analysis does net imply that the California
processing tomato industry is inefficient bhecause it
employs a uaiferm pricing scheme. Rather, it only
indicates that, when unifonn pricing ieads to mumrket
overlsn, manspovistion costs for allocsting & given
amours of eaw moduct will be higher than under a
FOB micing whems which genersies no mawrket
overlap. There may be efficiency-Dused reasons for
markets 0 overlap a8 discussed at the ounser of this
chapter. The challenge in doveloping a5 optimization
model fir the industyy is to incorporate these
considerations  {e.§, seasamaiity in produstion
varability in soluble solids conlent) as well as
mansporiation ¢osls into the model. The efficiency of
the indusiry's transportation pattern can them be re-
evalnated] within thic gensralized framewak. We
discoss coastiuction of this optimization maded in the
resl chapter.,



4. THE OPTIMIZATION MODEL

This chapter describes the opiimization maodel used o
alincate tomaes from the growing ames o the
mocessing plante, The mode! 3 designzd o find the
zHiecmion of iomatoes that maximizes variable profit n
the industry, given (I} the lockhwon sl chamctenstics
f 3w product produciion, () the Jocaton, capacily,
ari 1ype of processing plams, (B wansponation amd
Frosessing costs, and v} slimg omices for glemstive
Eocessed fomate poducts.  Varishle profi to e
industry iz defined as aggregans revenus from processed
produst sales, Jess variable processing costs and
wansporation costs, Toe analysis treats plamt location
andd capacity as given” Fixed voots of opersting te
planis 4o net affect dhe optimal allocation pasiem and
are no¢ relevant for short-tum indasivy decision making

The vaw oemstc is highly pexishalds, o harvessng
and proesssing maust ocoor nearly sitauhanenusly, snd
there iz Hule opportunity o hoid raw product as
wmventory, Thus, 8 is spproprisie o consider tomato
aliocation within a harvest year & » 5latic probiem wish
wilipie periods.  The dynansdc faior Hnking the
periods s thet, once & processing plant begins
uperation, it operates continaously uniil shutting down
for the seasom, because the costs of shot down and
subssauent start up are in mest cases prohibitively
high, Ths subsequert sections in this chapter describe
the smps nvolved in copswucting the oplmizaton
mmaodel,

‘0}2 m wm Produsiion

The stedy iscluded raw praxiuct producion from the
©op 13 wmaleproducing counliss m Nesthem and
Cengesl Celifornia. They mclade Colusa, Contra Costa,
Fresno, Mereed, Monterey, Sacramento, Sar Benite,
San Yoagquin, Santa Clam, Solano, Stnislavs, Suner,
anedd Yolo Ceundes. Collectively, these 13 counties
supplied 8% of the 3mre’s procpssing  fomalo
ydnction in 1980°°%  Figne 43 depicts these
countizs on the Californie map, Alusirses the malor
prodiucig areay within the counries, arsl depices the
Iocation and size of prvessing planis in s wen.
Fhe poal of the optimization program is to allocaie
mwnanes from thege producing wess 10 the Smaie’s
srxssnng planis 80 as lo maximize variabis profit to
the indstry. Pigure 4.1 viewsd in conjonction with
Figure 24 provides a pood overview of the tomato
allocation problem.  Production 75 scattered  across
much of nomhern and cenwal Californis, and the
harvest varies significantly by week awrogs e major
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Figure 4.1, ¥roduction and Flent Lecation
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peoduciny counties.” Fams wishing to exiend gelr
nrecessing weAstn must attract omatoes from muitiple
regions.

The scinkle solids factor, An sdditional consideration
in eslablishing conwacts for raw tomato production is
the charascteristics of the womatoes to De produced,
espectally tueir soluble solids coneent. The amount of



processed paste, sauce, and puree that can be sbisioed
from & ton of raw tomawes is diressly proportional to
the solids content of the tomatoes, Conversely,
prodoctions of whole or diced fumaln products is not
affectzd by solids conlent.  Therefore, cereris poritus,
high solids lomatoes afe more valttable o plants that
proctis & greater propomtion of pesie, sRUES, oF puree.

The datz obtained for this sudy Mwluded e
number of lowds shipped per wask, N, from esch
producing  county e 1,13, the mean, 8, and
variance, o, of solids among the Joads shined from
county i in each week, In order W incorporate scluble
solids considerations iate the analysis and yet maimtain
tractability of the oprimization program, a dichotomous
classfication of shipments into high vs, Jow solids
conterd was empioyed.  Loads with solids contents
above the state sverage for 1989, S » 5306%, were
viassified as high solids, and Joads below the average
wore classified a9 low solids.

T achieve this classifloation from aggregele weekly
shingnenis data, we assumed diat the solids content of
sann week's deliveres from @ coumy 1 ip week { was
distribuicd as a normal racdom varishle with die mesn
8 sl siendard deviation 9,,  Thig informeston was
thert wsed o compute z values from the standard
norrinl distribotian: z = {§ - § Vo, The value z was
then wsed to estimate the propottion of loads dbove the
starewide mean, 5§ = 3.306. If N, is number of josds,
the muraber of Tow salids losds was estimaed as KL,
w Fiz, AN, % The estimated pumber of high aclids
iy was then NH, = N, - ML, The solids conteat
for aach low-sotids load was axsumed o be the sversge
acvoss ofl low.colids loads: § ow 5178, and dimilurly
for Wigh-solids Joade 5% W 54887 Tables 4.1 and
43 pive 8 Sstimsted number of loads of low- and
High-sodids femawes, respectively, praduced by week
in ench conrey for 1989,

An exampie illesirates the importance of soluble
sofids to tomate processing. A ton of low.sohds
tomaioes il make 2000 - 0,93 - 0.0512/0.31 - 313
s, of 2% pasie, where $3% is the propartion of the
raw {on assumed to be usable, A high-solids ton vields
2 - 095« B0048/03) -« 333 lhe of 3%
paste.”t  The rado of high- 1 lowsolkls pase
poduction 8 335313 « 107, In essence, because a
ket of high-solids tomatoes comtaing o average 7%
mse solids than a low-solids lowd, it vields T3 more
of &t finad products such as sauces, peste, and puree
it are formulated by reducing the raw preoduct it &
eoncenated form.

Thus high-solids tomatoes are more valuable
because they yield more output of paste-type products,
but they also Jead to comespomdingly greswer processing

i3

costs for those cost items that depend npon. the amount
of processed product output rather than the amount of
raw product input. The key Inpur that s outpus rather
than input depesdent is containers. Conlsiners sl
cartons comprise 87.8'% of nonlabor processing costs in
the divessified-praducts plants and 37.5% of nanlabor
costs in the pesteondy plants.  Followisg e
procedures dexoribed in the preceding paragraph, these
2081t are sssugned 10 be 7% higher when s Bigh-aolids
ton iz processed into pasic than when a low-solids ton
is provesssd, For s mpeseniative diversifiod proxiosts
pinat which wses 8% of s mw produci for sauce,
pureg, snd other paste ype prodacis, the increage
cost per ton is 4.85% [(1.07 - 0.65) + (L0 - 0.35)]
higher when & high-solids load is processed,

4.2, Processhog Plants .

Tamaty processing planes in this study were olassified
sogording o whether they processed exclusively bulk
paste or waemfcioeed diversified products, mclading
whxile peried nnaees, porss, and sance, 9 wsll @
pasie. I sowie cases the clersificaiion beiween pate
sty or dhversified producks was ambipuais becouse
plagls vy process iy peste during the harvest season
and then later remanufacmire it info  diversified
producic.  Our e in classifying thess plants was o
congider them diversified if remanufactuning occurred
locally and to treat them as a paste-only processor if
the seremufacturing ecured at a femote site. Basad
on iy criweriom, 25 of the 32 planis included in e
study mueufecrured diversified products, wiile six
manufactired enly pave,

Gur  data  included 1985 womate  shipmenss
nformastion & the 32 processing planis focawd i the
stedy region. ‘the raw tomsio inspection prexess
described in Chapler 2 provades dewmiled information on
each load of fomatoes produced in the stare, inchwding
its county of origin and processor destination. Thase
dara are gathergd under the anspices of the Processing
Tomata Advisory Board (PTAB) and are confidential,
bat permingion wias sheaned to use the dutz provided
that rEnssciions of individual finns were not relessad,
This stipuistion necessitged thar shipments dstz be
aggregesd Into gix tegionad groups of Semyplans prioe
to release.  The geographic composition of the myions
s indieated in Figme 4.2 The pastc only amd
diversified prochisets plants tocated in sach region s7e
depicted with P and D symixols, respectively.

Ton major plants kocawed south of Freano County
declined 10 pagticipate in the stady as did one processor
in Stamislavs Cownty. For this reason all tomatoes
shipped 1 plants south of the Fresno and Kings County
horder (5% of wital producton) were excluded from
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Table 4.1. Available Low Solids Loads

WEEK
COUNTY ’ 1 2 3 4 5 6 K B 9 10 11 12 13 14 15 16 17 18 19 20
COLUSA 0 0 491 1949 1587 1566 1489 1063 452 576 402 369 265 46 85 61 17 0 0 o
CONTRA COSTA D 0 2 129 254 410 385 514 491 411 265 61 77 1 7T 63 38 i8 o o
FRESNO 0 1192 3384 6300 8347 9135 7281 6373 4482 4039 2546 1377 649 512 525 505 476 6 4] 4]
MERCED 0 0 3 0 § 99 307 451 857 758 B20 820 494 450 129 183 211 233 65 4]
MONTEREY 0 0 0 0 0 o 0 30 102 154 438 347 445 1391 248 259 273 110 53 0
SACRAMENTO H I 0 0 0 0 O 60 390 653 636 503 724 385 4Bl 450 231 0 0 0
SAN BENITO o 0 o 0 0 0 0 0 2 110 260 310 449 287 500 [44 68 0 0 0
SAN JOAQUIN 0 C 1 20 24 102 279 530 1372 1567 2066 2021 1927 545 905 969 Tl 266 69 82
SANTA CLARA o H o H 0 0 0 0 5 184 230 163 341 212 31 237 1 0 0 0
SOLANO 0 H 0 H 8 113 286 476 1359 939 1115 1162 1455 447 717 786 3242 114 0 0
STANISLAUS o 0 o 0 2 63 463 570 1244 544 928 1121 824 211 54 6 B 0 0 0
SUTTER C C C 0 23 167 129 324 505 531 836 B2 919 298 284 166 9 0 0 0
YOLO 0 0 43 221 908 1406 2338 3168 1624 3428 3150 2612 2367 507 1069 590 332 12 0 0
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Table 4.2. Avadable High Soluble Solids

WEEK
COUNTY { 2 3 ¢ 3 & ¥ 8 g w1 11314 13 s Y 8 9
COLUSA 0 G 289 20018 2694 1478 1474 T95 326 517 43 679 462 14 34 1 G Q 0
CONTRA COSTA O g 78 444 545 68 3BT 420 225 ¥} 4 58 ¢ W I 0 0 0
FRESNO 19 O1I33 &060 8541 9050 AETT GiBa 4357 3293 168} BYT O &81 M3 8§87 68 129 i 16 &
MERCED & g iR i 2 24 W6 1129 681 s 381 IWs 163 2% 14 4&F 33 3
EONTEREY G g g G Y] G Y 6 2F 1Z 88 67 34 3 1§ 13 24 4 b,
SACRAMENTO 0 0 Q 0 0 0 0 27 203 537 469 363 316 202 (13 0% 62 0 0
SAN BENITO { g g Q Q G Q 0 54 320 4 WE 96 198 I RS 2 0 0
SAN HIAQUIN & & O 61 9 I95 BEP S0 TZIZ OLITL 1R 1482 1216 04 538 29 158 36 G
SANTA CLARA & & & i H { ¢ 1F 7S 87 193 WY 48 78 W 116 : é o
SOLANG G G G O G4 3G 411 446 1387 SBG 8946 R4¥ 8Y2 197 SR SIR M o &
STANISLALLE 0 0 O 0 46 271 699 675 1023 520 585 623 543 119 67 19 4 Q 0
SUTTER g ] . O 17 &4 $3E 117 2069 2377 24589 215 176 84 535 7 i 0 o
¥YGLO & ¢ 30 584 Z2%2 330G 3740 4047 207E 3R77 GE3 M3 M &8 38 7 ¥ E &




Figure 4.2, Processing Regions
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» 5000 Acees (approximately 1500600
tons} of Processing Tomato

Production
this stly as were the tomatecs shipped to the
Stanislons County processor (3.5 percent of toral
production in 19893 Finslly, 2 small amosnt of
production skipped o vegetabls fraesers and dryers was
ahn excluded,

The processing plants inchided in the study, their
lecation, processing region affiRation, processsr ¥pe,
ard estimated weekly capatity are Hsied in Talds 4.3,
Fisnt sspucities were esiimatéd frem 2 momber of
sourges and confemed with industyy eaperts.  In
goneral, capaciiies of the varioos plants are well knewn
theoughaus the industry, and we do not weat our
estiznaies a5 confidential,

Fstimates of annual production in a plant cannot be
tranglabed directly into an estimale of the plant’s

i8

weekly processing capacity. Typically plants operate
at full capacity during the haight of the harvest season
and at lesser rales carly and lale in the season. Cht
estimation of weckly caparities for the varicus plants
wok inlo acsount the agpregate weekly frooessing
vohne obierved ducing the season and generdd
knowledge regaeding  olant  chamscteristics  and
scheduling, Specific fscrors considered in 2stiblishing
weskiyv processing capacities were () the volumm of
aggregate prak wonk deliveries—spproxitmely 7.3% of
annisy) deliveries, Th) ihe observation that small plants
peneraily operate for fawer weeks than laeger plants
and tiii) the wvolume of wial weekly and annusl
shipments 10 ¢ach processing region. Based on these
factors, small, mediom, large, and very large plants
ware assigned weekly capzeities of 10%., %%, &% wnd
T, regpesitvely, of thelr snnust processing volnme.

4.3, Transportstion snd Provessing Costs

Transportation costs. Tebie 44 provides astmand
racspormnon mileage from cach producing coutity o
the California cities where processing plants are
incawd, These estimates were derived by the aithors
based on the available transportation network and the
approximate location of production in each connty®,
Transportation costs per ton, TC, for each shipment
froam county 1 to plant n were compuied usiag these
miteages. T3, aceording o the formule:

TO - S5O0 + $0106D,

Processing costs--diversified.produocts plapts. The
optimization model reguires estimaies Of processing
casts for both paste snd diversified plans,  Cur
primary source for diversified plant cosis was the study
conductsd by Logan (1984). Logan obuained labor and
nonlabor ¢asts for @ modernte-size diversified-products
plant in Celifornie.  The plant operates 12 canring
Lngs, 7 of which process only whole mmames, awl 5
of which process elther samce, pures, oF pasis,
Production Hexibility in the plant is obtained by (i}
varying the numbey of canning Enes In operstion GO
operzting from one to deee eight-hour shifts, and 83
sparsting from Bve o seven days per wogk.

Lopan developed 3 compuzer modsl 1 sefsct he
lense cost mode of operatics, piven the amaunt of 1w
tomatoes aviving weekly and management prioritics on
the processed product pack.  Logan's analysis
illusirates the nature of short-ran eperanng eoonomies
that exist in cthe industry. He writes {p. 8x



Table 4.5 1989 Plants sod Estimated Weekly Capacltics

Types Weekly

Growp  Flrs Nowsme Locating PuPasic Capacity

Deltiverze (D00 tons;
{olusa Coanty Canaing Co. Williams P 17.5
Harter Packing On, Chroville D 135
Pacific Coast Prodncess Yuba iy D 120
Comeding Foods, In, Woodland D 4013
Beatrice/Huni. Wasson, Ing, Eaaviy [ 36.0
Pxen Canping o, {Cambell} ¥xon F 7.6
American Home Food Procucts Yaomvitie p 270
Campbeli Soup Co. Sacramenic i 115
Bierrs Fradit Co., Ing. Sacrarmeenis D 135
Heinz LSA. Srackton D 70
Hainz ULS.A. Tragy D 4.0
T/ Vailey Growers Stockion ¥ LG
Trirvalicy Growers Thormton 3 200
Yadey Tomsaio Peducts.Ine, Camptell) Stoekton F 250
Pacific Coast Producers Eod D 12.0
Ragn' Foods, Inc. Stocktan I3 214
Quality Assared Packing, fnc. Stockton iy 118
HeatricerHunt- Waosson, 1nc. tipkdale I 406
Dei Monle Corporation Modesto D 31.8
Escalon Packers Egczion L} T4
Tri/Valley Growers Modentn 3 158
Gangi Brothery Packing Co. Bana/Clara D 13.5
Garden Viliey Foods, Inc. Gilroy D I
iy Canning Co. Gilroy 3 13.3
Sz Bendto Foods Hoiligter ) 135
Sun Garden Packing Co. Ban Josc D 5
Tri/Valley Dirowsss Hollister J 5] 156
Agwamar Canning Co, Awttr 0 4.3
Tnguenar Packing Co. Yoia 3 pARY
Rags* Foods, Ine. Mesoed I3 3
TOMA-TEX, isc. Firehangn P 20.0
Tr¥alley Growers Yaita P 4.0

1%



Table 4.4, Trumsportation Mileage from Produciog Hegions to Frocessing Flants

Connie {olusa Satier AT Fof s fonira aniE o | % T Y0 San Stans-  Mermed  Freano

Ciy meTle Cosix Chre Besiio ey Joaquen shaus )

Orovitie FE 49 gL %0 142 02 24% 73 81 116 16% 205 275
Yuba city 30 16 35 84 146 167 210 234 48 g1 1 170 240
Williams it 49 59 Bt 133 15% 202 230 51 Rixs 151 154 264
Woadiend 3% 3t Y a3 119 146 %3 243 12 63 il 134 F
Davis 44 4 B 30 52 126 72 A 9 B2 e 15 2
Dixen 32 4 3 P 14 123 63 196 it o6 i42 183 225
Vacavilic 33 & 47 38 g6 1437 i34 38z 25 £2 128 571 241
Sacramentio % 29 i 53 5 143 14 228 25 42 8% 13t 201
Thomton 74 3% k7 3G 45 B 5 142 168 43 it & HE iTA
Eodi 8% 71 4 2 43 113 Y40 164 57 10 &4 102 i74
Stockton 102 ] 60 A1 24 94 3 183 71 24  b] 83 155
Tracy 123 105 &i 3 45 ] 140 162 92 45 4 o 152
Qakdale 134 117 23 # 58 108 12 133 105 48 % 58 88
Modesus 1% 1i2 7 66 53 183 1184 120 HES 34 23 43 73
Escalon 128 o T4 62 49 2% iis 112 96 33 3 55 53
Som Tose 138 146 i3 1% 0 152 56 o 105 e i 134 15
Girgy 169 17¢ 167 136 HLY 23 8 &7 i35 136 F h X7
Santa Clara 15% 146 131 1% gil 15 b S8 i1 o0 m 134 k59
Hollisler 184 191 152 151 I35 23 19 6 148 132 15 51 123
Merced 154 137 112 » R 104 90 148 123 67 a4 36 5%
Atwans 143 i3 149 a3 G i G 148 123 a7 44 23 i3
Yolta 18% 163 | 43 92 116 74 60 i 154 15 35 1% 64
Firebaigh pAis 193 168 14% 132 i3 8¢ L e 170 132 P 3 &




Much of the direct labor required in tomato
processing operations is more o liss constant
regardiess of the rate of ouput. For example,
most of the labor needed tn the posiving and
geneys!  preparstion  operEhons, fhe  pereral
PrOCessing  operaiions, iz goneral  service
fanctions, the brises {gan) siacking, coofing, and
frished peck recelving  opemtoms  resming
¢ssentially onchanged zo maber how wmeny
canfing Hoes are being operated or what final
pradocts are eiag produced.

In conmast to these labor coomomiss, nonizbor
inpats such as cans, Cartons, anergy, water, and various
food ingredients such as salt are sdded to the raw
toreate input in approxintely fixed proportions. Thus,
we considered labor and nonlabor ¢osis separately for
boty diversified prodacts and pasie plants. Noslahor
cones 1o efther case were weatnd & & copsiant amount
per wi? of mw WonEe proceased.

f.ogan's labor end nonlabor cos@ were updated o
refisct prices in our base year, 1989, Updased costs by
jtesy are provided i Table 4.3

Table 4.5, 198%1983 Cost Hatios for Diversified-
Products Plants

Ceost liem 283 Cost Ratio
Labor 1132
Fleatrinity VA4

Eins £,965

Lye 1092

34l 1118
Lans 1,129
Coattons 1.149
Paoiler start up 2.966
Evaporacor clean up 1.13%
Waier [ 54,72
Sources:  Californiz Leber Markst Bullslzz  Sastical

Suprlement 1983, 198% {abor cost)y, Bweay of Lebor
Liatistios, Producer Price index 1983, 1989 fcfeondcity, gas,
ive, sgh, oans, carems), and Depm of Waler Hesoures
Bullenn 13288 (water},

Based upon these price changss, noglabor variable
conts par R were companed a8 indicuted in Fable 4.6

We slso needed to extrapolawe Logan's analysis o
esfirnate processing costs for Jarger-size diversified
plasis. Given  updated  Iabor  costs,  Logan's
optmization model was resun W establish the

Table 4.6. Nondubor Tnput Cosis per Raw Ton:
Diversified-Products Plants

Comt B Costlowssolids  Costhigh-solids
o rom
slectricity $1.87 1.97
gas 10.32 1,32
lve R PRI
waler D43 0.&:
sl i.67 1.75
Cans 99.97 104,52
carions 6,36 ER6
TOTAL 12185 126.78

mimdmem fabor costs for procsssing weekly volmas up
o 1R,000 raw tons por week, the capacHly of Logsn's
Base planz, Capseity within a divensified-producis plant
is increased by sdding sdditeral cenming Hees, To
sslimaze gosts of operating additional lines, fabor costs
st clean-up costs from Logan’s anaiysis wers modeled
as a fiinction of the munber of lines and shifts opersied
per day, 1-12 and 1.3, respectively.’®

Te gstimate these cogte for targer plants, Jabor and
ciean-upr cost per day wers compuled for aliemative
opsrarng mgimes i Logen’s hase plant. Thess costs
wore then maodeied o o Hoear foncden of first ginfs
(813 addifional shifis {SAS, and fines Smes tial shifis
(15873 where $T=81434, opemied in the baw
plant
(4.5 L0, = B,(S1) + B{SA) + 5SS

This regression eguation was eéstimated with U
dats obimined from re-mnning Logan's model with
updatsd cost information. The estimated equation was

{42y LC;, » 28076(51) + 16546({SA) + SBO{LS ST,
R - 9496

Althoughs Logan’s model has different ogperating
rates for Jifferent Hoes, & was assemed that the peschict
mix was COmBlANY, iviag s aversge of TIF raw s
processed per Hne per shift, This volume was ten
3sed 1o esnmate e munber of canning lines needed 1
obtain abprmative weekly provsssing capacitiss,. We
eszimated izbor and clean up costs for plants with I8
Hoes {27.5 thomsard tom weekly capacity), 24 lines {37
thousand tons per week), and 36 lines {55 thousand
tons per week) using equation (4.2). In additon w
direct coft togreases {rom additional lmes operawed,
shift labor cosls (primadly for supervisory ang



receiving functions) were estimated fo increase by 15%
melative to Logan’s base plang in the 27.5 thousand ton
vapacity plant, 30% in the 37 thousand ton plant, and
6% in the 55 thousand ton plant. These adjustments
reflect higher management costs in lyrger plants due
vithier (o kigher-paic managers or moms managers being
hired

Given this exlrapolztion of Logas™s smiysis ©
sccominodate lavger-size plants, the Bnel swep in e
procesy of deriving divensified plars by and Slean vp
costs {10 was 0 estimare the relationship herwesn
these oosin and 1ons of Taw wommioes processed
(TONS).  This reiationshipy was obuiiaed by feg
deriving the mimimypm Jsbor and <lean wp cost
configuration for processing aliemative raw product
tonnages in either Logan's base plant or s larger
ansdognes, and then estimating a log lnear average cost
function:
(4.3) WELTON) =+ BlafTONS),
Tholve of Gy functionsl form was divisied by the
natyre of the operating scononsies appasent In the dnig
us diustated In Figure 43 The estimated function
WAL

M44)  IngLATTON) = 2564 - 0,42 In(TONS).

R*=921
or

(4.4b) LC/TON = 19275 TONS
The estmated curve is depicted in Figure 4.3,

Processing cosis--paste plunta,  Production cos: data
for & moderate-size {1530-200 thovsand ton stasonal
LEpaeity? puste processing plant was obiainsd and
provided the basic daiz inpat Inio extimaiion of pasie
plart srocessing costs. Paste planty provide 8 sroduct
wrgond w1 other food mamdsctiesrs a5 ingredient
Buik paste 15 vsually packed @to 55 or 308 gablan
cimiaingrs, MuRiple canming lingy se noz opaersted as
in diversified-products plants, anid, hence, paste plants
lack some of the operational flexibilicy of adivetsified-
products plant. In particular, gnoe a paste plant begins
aperstions, 10 s usually eeopomical to continue
opersiivnr 21 full capacity throuphous the processing
season. © TRUS paste plass will gypicelly operste
s sirfts and ren seven days per week shroughout the

Similer o the diveosiBed-products case, It was
wieful to separate lodor and norlabor processing costs
for paste plane.  Nonlabor costs inghudes rosiz for
enmgy, waler, supplies. ingredients, and comtadners. It
orce again 3 reasonable to assumwe that snergy, water
and supplizs are vsed in fixed proportion 10 the velome
of vaw tometoes processed, and, (herefore, that
nonlehor costs are constant per unit of aw product

Figure 4.3, Diversified Plant Aversge Labor Cost
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processed.  Cosaingr oosis increase in promastion o
the salids content of dwe raw fomato. Esdmated costs
per 1on for thege items are indicated in Table 47 The
conteiner S0 ealonlelions aslome fhat 19% of each
mw won i piked in 55 gallen drumw and dhw
reenaindes in XK gal, cartons,

Table 4.7. Nenlubor Input Costs per Raw Tons

Prste Plants

Cost it Cast/low- Coslhigh-
solids ton safids ton

elecmizity 189 $1.4%

gas ilg 349

suppling 064 4.84

33 gallon doan 4.1% 6,82

{19% of vach fon)

360 galion carton 1A 1.82

{81%)

weighted averuge 13.61 14.16

Beowise of the cemtimuous nemre of passe plant
operations, labarcost ccohomies. are ovel more
pronoanced i puste plants than in diversifisd products
plards, Onoe # plant beging operations, laber costs axe
easemiially fixed with respect o ihe volume processes,
se the sverage Iabor cost fancion approxbosics o
mctangalar hyperbola—it declines rapidly and theo
fevels out for large processing wvelmrazs, o
accommextate the diftorent capacity levels of Datiforuia
paste plants, we estimaved labor costs for three diffecent
capacity paste planls: 18,000 tons per week (the base



plamt), 22000 tons per week, and 37000 ons per
week,  Costs for the larger-capacity plamts were
obmingd Wy adjusting costg for the base plant in
conspltation with industry axperte. It ks poramspnty
acknowledged that substantial economies of size exist
in paste plant operation.  For exampit, ons expert
sugpested that a doubling of plast capachy caused
izhiwr ¢Ofs o Tise by only sbout 5% The estimated
smphrymest requiremoents aid assotiawd Sosts for each
plarg are nimnarized m Table 45,

Civen the cconumics of pasic processing, a paste
plast ineurs Full Isbor eosws, OF, per week o &t i
operating, ¢.8.. C% = 382,735 per week for the plant
with 17,600 raw tons per week capatity, and essentially
zerg direst labor costs if the plant is nof oparating.
This fype of discontinuous cost Fusction cansed
problenis for the nonlinear sprimirstion computer
rondiss nyed in the mnalysis. As @ corgsiquenss, the
labor-cost fanction was “smoothed” by soploying the
following wansformalion:

433 LCF = O%1 . 57790y

whers & i3 an appropriately sclecisd parameter. This
fanuticn  syympeotically apprtsches Of ay TONS
prxessod becomes large. The larger is the parameler
%, the faster 1% approaches its asympiote. Therefore,
by setting a high value for k we were able 1o preserye
the reality of eperating econcinies in paste plants while
mairtaining 4 smeooth labor ¢ost Amotiey. Fipure 4.4
Hlusiraies e 1O per ton funcdons fir the base,
medfisen, and large paste planes,

Figure 44, Average Labor Cost Turvas for Paste
Plantz
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44. Processed Products Creiput

To compute variable profit from tomaio processing, we
needed 10 make assumptions about the lypes of
processed products being produced. The ontput mix, of
conrse, differs for each divernified woducts plant

Ourput divarsity for paste-only plamis is reflected
primarily in werms of the bulk container chaoice,

BEach firm's prodduct mix is confidential, so the
ahernative prrsusd hore was 1o assume that the final
product breakdown for our base divesifiad-produris
ansd paste planey held across sl similer plamis™® The
divertifisd-prodnety plet in Logan's sindy praduded
thre can sizes of whole jomatoes snd pasie, and twe
can sizes of pures aad sauce. The allocation of final
produdts {by prodact asd can size} for sach mw o in
the Logan buse plant and the 1985 selling price are
sufagiarizad in Table 45, This processed provhee
breakdown was wsed 10 construct a composile produsd
to esiablish the valye of a ton of raw lomatoes
processed inlo diversified products.  Since Logan's
stady includes ner information on solnble salids, i was
assurned that the valures listed in Table 4.9 appiied i
& Jowasohds s of omatoss,  Carrving out the
compuiations from Table 4.9 yields $135.10 » fhe
FOR velue of 2 low-solids fon of wmatees is mw
prochser for an e bese vear. Aboul 3% of raw
tomaloes in te base plant were ased o produce winle
wamalo products. Thes, the value of a high-solids oo
was $355.10(1.07 - 045 + {108 - G35 =
$371.26,

The same procedure was used to create 5 composite
paste plant ourput, ‘The base plant produced 19.04% of
a 55 gation drumy and 6.96% of a 300 gallon canton
from oo ton of low-galids tomatoes, Cheen 1959 paste
prices, the FOR values of z low-solids ton processed as
bulk paste was $IR180, A Hgh-wolids ion was
comespombingly worth $181.8 - 1.07 = 815453,

4.5 The Mathemntical Model

The mathemstical programming moded to determine e
optimal siiosstion of raw iomatoes from northern and
central Califomia producing counties o processing
facilities consisted of the following componsnts:

(iy Total opemting costs per week t, TC, & a
diversified producs pant j.

) i3
(46 FC »15215% ] oXHIP
=i
i3 )
RN X1+ LO4SSXH)
i

13 ]
+ 1365 ¥ (XL + XHD,

jo= 28,0t = 1,200
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Table 4.8, Labor i Seadl, Modhe, snd Large Paste Plaais

Smgii Plagt Mgidin Plars Large Piant
# Employed Payrolli 4 Fayroll/ # Payrollf
Job Puncting $hoar Shafy* Emploved Shafr Employed Shif
Group Leader i3.82 g & & G & &
Mechanic & §2.38 i g7 44 i ¥7 a4 i 57 44
Mechanic B 15.00 & 8 £ G & 8
Inslrumnent/Electrician 2.8 i ¥7.44 : T A4 t 97.44
Bester Operater 1218 1 97 44 H 97 44 ! 07 44
Raw Maicrial Cperator o g & H 0 1 g
Yard Truck Driver 268 l TH.4d 2 154.88 2 154 85
Tomato Unloaders 8.1%8 1 65.44 1 65.44 t 65.44
Flume Attendant 9.00 2 144 .00 2 144,00 2 144.60
SaTers K18 a 92,64 ¥l 458.0K 8 521.82
Cleans Up BB 2 130.8% 2 130.88 2 1312.88
Tomat Preparaton Operator 10.00 H 85.00 i RSO0 1 85.00
Evaporator Ciperator A 12.18 i 109.62 i 11,53 i 103.53
Evaporator Opertor B 1:.06 i 8.0 i 88 50 1 B8.06
Filler - Weipher 12,18 & 58464 H 622,10 & 782
Fork Laft UperaorfConluingr Handler PR 3 232,32 3 232,32 2 232.32
Clesr Up 8.5 H 6833 i 8837 1 68.32
# of employees/shift 28 3t 13
SUB TOTAL 2365 5 $2.668
Direct laboe costefghift 3,068 3,393 3613
Dirsct Weekly Payroll 84432 11236 75,863
Direct Labwr CostiTon & Pesk Copucity 138 .64 2.1
Total Weesdy Payroll freeeiving derks & lab technisns added; LT 377,547 $82,33%

* nedacdes overticse 1§ any.



Table 4.9. Processed Product Produclion for Diversified-Products Plants

Product type Can sizefcase Number of cans 1989 pricef$ case
produced per ton
Whole tomalo No. 303/24 231.89 875
Whole tomato No. 21424 96.79 13.50
Whole tomalo No. 10/6 25.14 12.50
Sauce & puree No. 10/6 13,56 1225
Sauce & puree No. 2124 18.10 12.50
Paste No. /48 25690 13.00
Paste 12 az./24 82.89 12.35
Peste No. 10/6 3.25 25.00

The first terms in (4.6) and (4.7} measure labor costs,
the second terns measure nonlabor costs that are
proportional o processed product output, while the
third terms measure nonlabor cosis that are
propartional to the volume of raw product input (see

Tables 4.6 and 4.7 for derivation of the nonlabor
costs far diversified and paste plants, respectively).
In (4.7) AE* is found for small, medium, and large
paste plants on the bortoin row of Table 4.8,

(ii) Totwal operating costs per week t at a paste
plant k.

(10T (KL XA
(4.7) TC = AE"[I _E J

1}
+789 % (XL} + LOTXH))

i=1

13
+572F (XL, + XH),

k=1.61=1..20

(Hl:l Total transportation costs per chk, Trc, toa
P p 3
processing pla.nt n.

13
(48) TTC.'=¥ (XL} +XH{(0.10)D;" +5.00),
i=1

n=1..321t=1..720

25

(iv) Weekly otal revenue from processed product
sales.

5 13
TR, =P°Y [¥ (XL} +1.0455XH})]

jel  bwt
{4.9) .

+PFY (Y (XL + 1.07XH]),

k=1 I=1

t=1,..,20

Variables in the oplimizalion model are defined as
follows:

P° diversified processed product value per ton
of low solids raw tomatoes
P*  paste product value per ton of low-solids raw
tomatoes '
XL,; Tons of low solids raw tomatoes transported
from county i to plant n in week t
XH.; Tons of high solids raw tomatoes transported
from county i to piant n in week 1
D transporation distance from county i to plant
n as reported in Table 4.4.
AE* labor cost parameter for paste plant k
Combining the model components (4.6)-(4.9), the
full optimization model can be written as:

The base oplimization medel is subject to lhe
following constraints:



{4.10)
i 11 =& f?c’ ﬁ"rc* ¥ T,
m;XH;_: + i & t ff § ; LI

t = 1,20,

(i A plast 5 ROl ProCess mavrs tonnage than is
weekly capacity, € as indicited in Table 43

13
i Yo - xuh s
(2]

a=1,..32 t=1,.... 20

fHy A counfy i camred sepply more low-solids
wrmage than iz low-solids emato production,
prociacten, Nio, in sy week t, as repored
Table 4.1,

i

b
412y ¥ KL 2T XLYSNL,
i ]

=i

Pwh, 03, 1=1,..,20

(i} A county | cannot supply mare high-salids
wonnage than i high-splids temaw groduction.,
NH,, in any week 1, s reporesd in Table 4.2,
= 8
§ XH}+« Y XH] < NH,

dwt

(4.1%)

i=1013, e, 20,

Chserve that forsmiation and salution of the base
oplinzatics model dipos zot iovclve wie of the
confidentisl PTAB inspsesions data om  weekly
shipmenz: fromn producisg covaties to iadividusl
processng regions. This  informasion can be
mcorporated  inte: the  program sy additional
censtraints that force: the solution to approximate the
actyal 1989 allocation, The opimal selution apd the
constrained-optimel solulinn can then be crenpared
and svaluared. The specific constraint thet forces the
(estimated) actuul aflocatian is tan

{tv) the tomal raw tomalo tonnage xiincation from
grungy | to el plams § o= 1K in zach
PIcesiing reglon 1 must equal the ackesl
wasage allocated, AL, lo the region for
sach woek &

¥ g+ X)) = AL,

1

o3, r=l8, 21,20,

(434}

A less resmiotive version of this conswam! B 9
requirs oniy that:

¢¥y the total aflocstion to & regien Feome all
counties 1= L., 13 must equat the actual
aliccation to the region based on FTAB
TECOus,

R 13

3 Y LG - XHg AL,

inl =l

(4153

r=l08, 11, 20

The base model, eguation (4.10) sublect o (411)-
{4.13}, way salved a3 & static, mult-perisd problem
using the nendinear oprimizstion progrmn GAMS.™
Thiz solution procedare does nol wmearpoesis (e
dynamics that lnk weeks in the processing s2ason,
namnely  thal prodessors mmsin in contingous
operation throughont their precessiog seasons. This
sopsidecation can he bmroduced explickly into the
program by defiring teper variables &} a3 follows:

o,
416y  EY (XL] « XK >0,

il

then & = 1, atherwise & = 4
fol,u,5E, 121,00

The copsecutive operation: coemeraint can then be
imposed a5 follows:

%17 H & miland&, =1, than &, = 1.

To incorporaze this constraint, a base poriod ©* musr
be established for all plamy ¢ whare §, = 1.

For exampls, 1* conld be dogignaiad as the peak
delivery week in A gives processing scasom.  This
procedure could be repented by choosing different
bate weeks and eveniualiy selecting the zalution. ser
that schieves the highest variable profit, Fortunaialy,
in our applicstion of the programming medel, the
CONSeCIIive Weeks operation constrsin! was mer e,
the censtraing wos tlack) by atewost all plants in the
base sciution w the muxdel, thas vitiatisg the need Lo
resort i the imteger ¢omsirainls descrided in (4.16}
ant (45715



5. THE BASE MODEL SOLUTION: OPTIMAL V5. ACTUAL ALLOCATIONS

This chapter presems resubts for thie base oprimization
mexlet deseribed in the prior chamer and comepares the
sqstisnai resplie 10 sofutions obtainedd by consirainiag the
bese model o epproximate the sotuzd sliscation. The
bass your for the unalysis s 198G, In ¢ssonce the base
sptiiration problem B o sleeis e oadk of
wmaipes contamed in Tebles 4.1 and 42 o the
prxeasing plants with the seasomal capacities nomd in
Table 43 g0 83 o maximize vardsble poht o e
industry. The mathematical probiem is sxpressed as
cquation {4.10) subiect {0 constraints (4.11)-(4.13),

Imposing conseraint (4.14) on the mode! produces
what we shall call cossmainmed mode! A This
aliacalion requires eack processing ragion 1o rzosive its
acial weekly alloeaiion from each oounty hased on
PTAR reconis. Constraised siloestion A 18 g m
sstinmie of the aotual ol location of tonmstoos 1o northem
st cenal Califoriz processing plams 8 1985
Congirainad model B impowes ths lese reswmicthee
wguirement indicated in [4.13), nmunely that the tolal
waloestion acrogs producing comilies e & proosssing
region in 1989 eguel s actual sillocation.

5.1, Overview of Mode! Selutions

in Wolat 3,733,800 low-solids tons end 3,723,330 high-
solids tons of processing fomatoes 25 defired o section
4.7 were gvaiisbie 1o be allocated in 1989 from e 13
mjer omate producing countss in northem and
genvral Cadiforsia®  Table S.1 provides wn agaregae
revene gnd cost breakdown somparisen for the 1989
sofutions we the base moded and constraimed models A
and B,

The gross profit repoeried I Table .1 is calculated
#% sajes fovenue less raw prodick, wansportation, and

variable processing costs.  Excluded are fixed cosws

sich as mterest end depreciatior on plant capitak
administrative costs, and marketing costs. The aplinst
solution produces 31534 milHon (135 more gross
profit thas constrained meode! B and $2296 millos
{1.9%) more than consuained model A,

Comparisen of iz base and comstmsinod moded
solugonz rovesls evidence of modest incfficiency is
havding omaes as meny In the isdusyy heve
suspacted and ss expected for a spatia]l mduatry arder
uniform pricing--see chapier 3. The average one-wiy
haul in the base modei s 58.72 miles, compared to
66,66 miles for consgained mode! A and 5928 miles
for consersined model B, The extra havlage wanslaes
e approximately $7.41 million {9.3%) iy additionsd
Tamepottation sotie bome by the Ddestry gnder che
sefimated sctual siloestion {constrained rxiel AL In
comtrast, the resgportalion o5t saviags s smadl, $1.64
mifion, for 1the base model compared 1o constrsined
izl B

Relstive o 1he buse model, consmained model B
anly ingures that each region receives Hs actnal
aggresale allocsiion of ematves in each vk, The
model is free to choose optimally the county of origin,
The small increase in wansportation costs enpendersd
by afdmg this consteaint suggests thar the higher
iransponatian costs obssrved for comstramed modet &
are due maindy to mizallocations of shipments s
processing fegions based on ecunty of oripln radwr
than 1o aggrogate smissflocations of Wwmsices wnong
proceseing regions. In other words, inefficlont toamsin
wapsportation i Uslifomnis iovolves prodessors not
abways procuring tomatoes from  the  jeast-cost
producing  location, sather than  same  regions
Frocessing 100 Many of oo few tomataes. ™

The figures on the average one-way totnato havl for
1989 ndicate an inderesting evolution to the pattern of

Fable 5.1. Aggregate Revenmes and (osis for Tomaic Aliacation Muodels

Revenue/Cost($060,660} Base Model Canstrafoed Modet A Canstralned Model B
Sales revenne SIX43 R $2.307 9% $2.507 9%
Baw prod. eostt 41517 41517 41547
Trans. coat T9.55 8506 il.48
Process. cost $24.2% 801.93 EO0.£D
Girosy profit 1,426.86 1,208.90 1.210.72

"Raw groduct costs are based en prices of $33.90 and $57.50 per vow for low- and iigh-eotid tomaraes, respectivety,
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tomato shipments in Califoraia.  Collins, Hirch, and
Mueller {1959} estimated the average one-way haut (o
be 31 miles in 1956, but it was estimared o have
increased to 100 miles by {973 {Brandt, French, and
Jesse--BFE 1973). BFJ speculated that haulage costs
wounld continug 10 increase because sxpansion of
existing processing faciiities and long distance habling
wis & cheaper methad of increasing producton than
uilding new facilites aloser o production siies. This
logic hias proven 1 e incovect, probably becasse it
ignoned e rule <f enyry into the jadustry. Even
thaogh eatant producers may prefer expsasion of
facilities, new erdrssts have moestive o looais near
producing woeas, twrehy gaining & cost sdvanmpe in
procuring raw omakes”

Higher unspewinting ooty scconel for 31% of the
foss in varisble peofits Brom constrained model A
compatad 15 the Bate selmtion  Conversely, they
sooount for only 6% of te relsthe profit Inss in
comiained modei B, The rest of G profit gsin to the
base nwdel is obwired From shipping somarses oo
tExiTize processing economies in large vs, small
plants, efficienmtly adocuting high we Jow salids
wmatoes, #nd  expanding  relsive  productiom  of
giversified products, which apparemtly yielded higher
profit per ton of raw product than did bulle paste in
1989, In particular, the base solulion allocates 882,130
wms 1o the six pesie-only processing planis vs.
[,189.E60 tons for constrained model A.

Historically. diversified products such as canned
iomatoes have been high profit items for processars
{Brandt, Freoch, and Jesse 1978}, and our resuits may
refieet & cominuation of this rendency to the present
lirme.  For exumple, wistively high profiy for
diversified producs may reflect miums o popular
trand nemes such a8 Meiwz, Ragu, or Hants, or & may
refient wirket pawar of large processons &y various
srmessed produsns™  Convorsely, e bulk pasie
market represenis & classie competitive industy in that
the product i assentially bomogesetus, sradeced by a
large ngmbie of Ushiomis procgssors, snd seblecs 10
copsiderable import pompetiton (ree Tabl L1

On the ade Band, 1996 prices far paste wors high
elative (0 oty recent years™ Oy analesis
conpeivably understates profitebitiey of pasie production
by zither over estimuting costs of producing paste
celative o diversificd products or failing to account for
remanufacturing activities diat add value 1 bulk pasie,
An additions] caveal is our assumption of congtant per-
unii selling prices for both paste and diversified
producis.  If superior mturns o selling diversified
products are wlaed to seller market power, then
allocating additional tomatoes 10 these markets as in
the base model solution may reduce the price for these

28

preducts and dirinish wheir profitability advantage.

5.2, Optimal vs. Actwal Allocations from Tomato
Producing Counties in 1989

The tomato harvest in Califomia may extend op to 20
weeks, from late June to carly November, To fuciimte
reposting sesuils frome sthe moded sohions, we idealily
five "harvest seuvons" de Califoraia:

Beasony | Weeks -3, "early harvest” Eationale
Froduetion in weeks 13 & very low,
whersas R rises mpitly i week 4 to poar
industry weekly procausing capasity,
Werks 4B, owdy  pesk haryest”
Rationsler  Harvest i 2t of pesr pesk
throughout s periad, but severs! coastal
coupties w0t yol graduding.

Weaeks .12, "peak harvest”™ Bationzie:
Barvest {5 af o ngar pesk and every
conpiy s produsing,

Vzeks 14-16, Waw harvest" Rationsle;
Every county s producing, bt harvest is
anly about 3% of processing sapaciy
for these wreks,

Weeks 1720, “wery  Jawe  harvest®
Rationales  Production is very low and
only 4 few counties are producing,

Table 5.2 depiciz the bage mode] tomato allocation
from produciog county o processing region for each of
the five processing seasons.®  Tha fast two columns
in the tsble compare the ol bese model allocation vi.
the estimaled acaial sllocation from constrained mode)
A,

Fresno County 1 (e privsary scamct of sarly-sesson
omaices. S#as0n 1 Fresno {ounty iomatoes ars
shipped to all pracessing sress eXodnt nonhern Regions
1 and 2 under &w optimad solution, Fresn Couny
attaing peak production during sesson 2, slloating 406
thousend of mare Wns dodng i tme o 2ach of
processing Regions 36, Coluss and Yolo Countiss
glse are major soawes of Omaioes durley seasoen 2.
Colusza County production is withized under the optinasl
soluion primarily is the mouthers Hagloss, | end 2,
Season 2 producton It Yalo Ceunty ds aflocssed
maindy w0 its local sea, Region 4 although 144
thousend tons flow southward ite Region 3 (San
Tnaquin Counry).

Yolo Couaty becomes the tarpest producer during
season 3, harvesting nearly 750 thousamd wms (n 1989,
Cwver two-thirds of that production §s consuned locally
in Region 2 under the optimal soluien, wity 1060
thousand tons flowing south 0 Region 3 and 120
thouzand 1oms flowing o coastal processing  flrms in

Sepson 2

Ssasom 3

Beason 4

Keagon &



Tatde 3.2, Tamate Shipments from Producing Countles tn Provessing Reglots by Sesson: Optimal vs
Actunl Allocations (contlmes)
County Processing  Season | SeRson | Bensbn | SERstn | SCESOR Tolak: Tetalh
Reglon ¢ 2 3 4 5 Optimun Actual
Shpaments 1 000 tens
Colusa i 126.04 §2.76 15180 21025
2 1297 278,73 57.43 17 .44 e 25730
3 4342 .72 56.70
Contra ) 205 R 4547
Cosin 3 TR £ 438 1.4 8983 1921
4 19.10
§ 239 4429 603 5823 is.13
& 123
Fresan p1 pIY
3 4844 40026 448,70 TH4.24
4 12497 46750 151,48 75396 3620
3 4806 42433 5,88 4T9.3% 580,00
6 $5.89 38400 352,00 4871 1532 10935.08 29593
Merced ) LD
3 G35 30,82 3138 KR,
4 . 930 2430 760
3 L EAE: T2 213 7236 3287
& #%.43 2.1 1518 136,332 15237
Monterey 3 358 .56 2081
5 L 47.0% 3455 422 81.5% 63,17
& - 246 2.46 £4x)
“Bacraments t %4
A 223 113,35 44 54 730 16662 3540
3 1038 14348 112 48
4 0433 G443 v
& 038
San 2 .03
Benlto a 4,20
% grr2 42,13 L1 13064 #1256
& 157 1.37 7273
San Z 003 2.43 458 314 1.8
Joaquin 3 2401 263,15 14,66 30468 424 543 17042
4 129,45 12943 183,12
5 1.%7 1.87 $i0.408
6 1594 15,94 £3.37

Regian 3, the largest tomato deficit mgion.  Fresno

County was the second largest season 3 producer in
1989, aftorafing two-thieds of its 530G thousard ton
provuction o Region 6 processors In Mareed and
Fresno Countigs, st most of die remaiming ong-thind
te Repion 4 processors in Buanmislavs County.
Slanislaus Coonty iself produced abont 200 tusand

tomy during season 3 in 198%, processing three-fousthn
incally, with the semainder processed i2 Hegion 3

San Joaguin County produced 350 assand rong of
wnnatoes during seasom 3 in 1988, Thay see allocared
on toughly & two-to-one hasis w Regians 3 fthe Joca
tegion} and 4, respectively, Sutter County to the north
resched pesk predocion of 363 choussnd foms in



TFable 5.2, {cantinged)

Processing  Scason | Seasen | SCASon | Seasat  Season Total: Totak:
Reglon 1 2 3 4 3 Optimuns  Actual
Sauta ‘ 315
Clarn 3 12.67
5 0.46 4188 2008 5234 3338
& A 0.03 Bd41 P52
Sudano i .77
pA TI04 Q63 8667 15286
K| 478y 26298 4,946 82 IIEAT &R
4 732
5 3394 23594 10.0%
& 28.26
Sand- 3 AN 4506 CORG o834
shao 4 156.64 13664 62.00
3 A Y
5 8.25 P9 33 2073 111,48
Sntter i F19n 14500 1400 5058 106.5Y
3 K, N .37 4.6 H0.3% 314.52
3 HLA)  1ROQ4d 190,94 60.08
4 £AZ
3 181
6 %94
“Yolo 1 %1%
2 1.87 43189 524.7% 10445 280 1062590 87370
3 {44,3] 6218 233 245,83 457.45
4 134.4%
5 itvla ti9.14 a5
] 3433
"Heglonal 1 20100 2078 44! Ll F - N
Total 2 2391 FOLe4 73430 23500 31230 1, 74E.45%  TH3R3S
K} #5900  84%.41 865,34 £4.00 9z 1,B86.67 207138
4 2H8.50 46730 3713% 105538 100649
3 AR08 46350 43400 20,78 114l 1064635 980,08
& BRYG SRA0D  4492% 10756 3 13%.83 135168
seasan 3. The opimal sliccstion calls for 3145 producer a2 93 thousand tons was San Josguia County,

ionsand long 1o be processed focslly in Region |, and
for 180 dhemsand tons to be hasled southward across
Region Z intay Region 3. Sutler County's wesiern
neighbor Colasa County provided te other tomatoes
necessary 1o Rogion § processors: Sumer shipped the
remsainder of its produztion o Region 2.

Peoduction deciines rapidly in season 4 (st
Sentember te exly October). Few fomatoes were
available duting this line T Prosso County in 1989,
Yolo Counly memsined ke lsrgest producer 2t 104
ihousand tone,  all of i processed locaily in Ragion
2 whder the optimal stduiion, The secand largest

£t

Mozt of its productos is aise processed locally in
Region 3 under the optioss] solution, The sund largest
produsey during seasen 4 wes Solanc County in Region
2, seiling just over BQ thousand tons. Most of 1hig
voheme, LG, wiak processed locally,

Fually, only savall amoumts of production were
available in @y eounty during seasons 5. The Jeading
poducec was San Josguin County with ghout 35
thogsand fans. Of this voleme, 30 thousané fons were
processed locally in Region 3 under e onlhnal
salurion with the other 3 thousand wns shipped nosh
into Repion 2. The regional towde contained at the
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bottenss of Table $.2 show the aggregste volune of
fomatoes processed in each region. The largss: volome
s processsd B Sen Joaguin Csunty (Region 3 o
seasons 2 acgd 3. In season 4 Regiom 2. the Yolo and
Solano Cloanty area. is the largest processor. Four of
G wix regions extend dielr processing trough all five
seaxorss in the Base model selution.

Crmparison of he sesson wide optisal solulion
with the estimated actzal 1989 tomals gliocation,
columns B angd 9, indicales thet mome intsrregional
shipmenty of wmatots owured diun was optimal. In
general, the Base awdel suggoste thar more tomeiney
should have been processed locally rather than hauled
across regions.” I Fresno County, 320 thousand
lons of omatoes that were hauled nerth into Region 3
wensid, accoiding to the base msdel solorion, have bean
procesaxt mote efficienily @ Rogion 4,

Simgdlardy in Region 35, spproximately 260 thosuand
tons of San Joaguin prodoction hacled inlo regions 2,
4, 5, and § would Bave been better provessed locefly,
In essence the bass model recommends that Region 3
etaim U5 locsl production rether than impesting
teraatoes from Fresso Cosaty,

Sty conclusions bald for Yolo County ia Reglon
2. The base model recounmends that 74% of thee 1,429
thousand tons of tomatnes penduced in Yolo ey be
processet incally.  In meaboy omly abont 4Y% was
processad i Begion 2. The difference, rouphly 480
thausand tons wes hauled north imo Region § (88
thoatand. tons) or south into Region 3 {211 thoussnd
tems aver the bese saludion) snd Region 4 (134
gxnssand foms),

The sdditional Yolo Connty tomatoes processed in
Region Z under the optimal solutdon thes free up
tomatses from Solano Caunty 1w flow into Region 3
rather \ham remmaining in Hegion 2. The opiimal
solmbon calls for only B7 thossand tons of Sodans
Coanty production W be processed locally (v, 1353
#ousand motual tonsy.  The difference, along wih
madest amounts of production sciually shipped into
Rogions 4 and 6, are aliocaisd 1 Region 3 under the
optimsal soimtion, Bt is not wwprising that Solano
Ununty produstion 15 shippsd w Hegion 5 processions
rather than o RBeglon 2 processoes, becanss Solaro
Countly production 8 primasily on the southeast side of
she County aed is ss close, or closer, to 4 number of
the Region 3 plants than to some of thoze in Region 2,
This stmation cas be observed in Figure 5.1, on
enlsrgament of the map in Figure 4.1, & which the
approxinsate location of te roads by which praduction
is shipped o plants hag besn added. In this srea and in
Region 3 geographical fesnires reduce wansportation
sccess from producers to plants. In Regions 2 and
3 waterways fimit sccess, and betwesn Regiom 5 ang
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Figure §.1. Hosds Linklng Regfon 2 and 3
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Conergl Valley production argas there are fewar roads
due (0 the coastal range.

Regivra 5 is the rogjor deficit processing region in
sorthers end oéntrat Califoraia dug to wrbanizetion a8
discussed in chapter 2. The optimal amd sctes!
aflocadion for Feesne County, the leading supplier 1o
Region: 8, we fairly cloge.  However, Onnira Cosma
Ceaunty produciion presently shipped norsh into Reglon
2 {45 thousand fons) iz recommended o be shipped
sonik vt Region 5. Onher increased alincations into
Region £ are eplind for from Yeolo County (80 housand
additional tongd, San Benito Tounty {77 thowsand tons
presently aliacated to Repios 83 Marced County {33
thousand tms presently aliocsted to Region 4), and
Maonlerey Cosnty {15 thousand tons preseatly aliocsed
e Region 3). Conversely, reduced shipmenus are called
for from Saen Joagnwin Councy {108 thousand tons 1o be
processed jocally insteady sad Stanislass Coamty (26
thousand s a0 to b progessed locally

The ‘wansportation  ssilesge  savings  from
iplementing the 1989 brse mexdsl solutmn v, de
estiinaeed acioad 1989 allocstion is indicated in Fabis
53 The losgest average havls are inpurred duning
season | when muost wonatoes are shipped from Presno
County, The optimal! solution achieves an average
miieags reduction of i3 during this tme. Savings are
somewhat staalter, about ¥ miles, during the aariv-peak
harvest of season 2. Phuring the peak harvey goviod,



Table 53. Average One-Way Haul for Processing Tomatoes: Actual vs. Oplimal Allocations*

Reglon Allocation Season 1 Seaxon 2 Season 3 Season 4 Season 5
1 Actual 50.0 46,3 36.7 300 —
Optimal —_ kXAt 25.8 16.0 —
2 Actual 75.8 311 27.6 N2 28.0
Optimal 337 249 16.1 21.2 28.8
3 " Acmagl 147.3 118.7 0.0 40.7 222
Optimal 151.0 7.0 48.5 16.4 12.0
4 Actual 75.7 79.0 60.7 56.8 0.1
Optimal 79.7 81.3 50.8 — —
5 Actgl 124.5 134.1 94.7 55.6 92.1
Oplimal 131.8 135.7 65.2 324 56.9
6 Actaal 51.9 51.5 47.7 733 58.5
Oplimal 56.1 LN | 45.2 554 523
Total Actual 973 80.4 531 46.4 55.8
Optimal 87.8 73.7 417 28.4 355

*Missing values indicate that 1o lOmales were processad in that region in that season.

season 3, the opumal solution again reduces the
average haul by 11 miles. The largest reduction in
haul during this time is achieved in Region 5, with
average mileage of 65 under the aplimal solulion vs. 93
acmally. Smaller mileage savings are achieved during
this time in Regions 1, 2, 3, and 4, Average mileage
savings of 18 and 20 are achieved in seasons 4 and 35,
respeclively.

Table 5.4 provides an additional perspective on
tomato transportation in California. It indicates average
weekly shipment mileage for each of the 13 producing
counties under the base model solution. To economize
on the data reporting, the table is limited 10 information
for the peak harvest seasons, 2 and 3. As the major
tomato surplus erea, Fresno County ships its tomatoes
the greatest average distances throughout season 2, with
an avernge haul of m excess of 100 miles. Conversely,
Yolo County tomatoes are shipped on average less than
30 miles during season 2.

With the onget of season 3, coastal counties begin
producing and shipping primarily to Region 5, enabling
Fresno County’s declining produclion to be consumed
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primarily in nearby Regions 4 and 6. The average
Fresno County haul thus declines to the state average
of 55 miles for weeks 11-13, The longest hauls during
most of season 3 are incurred in shipping Monterey
County’s production of 47 thousand tons and Centra
Costa County’s 44 thousand ton harvest 10 Region 5
processors,  Similarly high mileage is incumred in
shipping Sutter County’s season 3 harvest, because the
oplimal solution calls for half 10 be allocated south into
Region 3.

Of course, mileage was generally higher under the
actual allocation estimaled by constrained model A.
The average ome-way haul in Fresno County, for
example, remains over 100 miles through week £ and
above %0 miles for weeks 9-11. Weekly average hauls
of about 150 miles were estimaled for Monterey
County in weeks & and 9 and $0-110 miles in weeks 10
and 12. Acrual Yolo County hauls are 5-15% miles more
for most weeks than under the base model solution,
Conversely, average actual mileages in Contra Caosta
County are less than the base model mileages, ranging
berween 46-62 for weeks 7-13.%°



Tuble 54. One-way Heul Mileages fov Oriiforula Tomsts Preduding Countles: Base Moge! Solution for

Peak Produciion Weeks'
Lounty w4 Wws wo W7 wa We WIS Wii W12 Wil
Coivsa #3417 374 ME I3 236 BT N0\ 228 30
< Costa 300 323 364 3%2 MO e TILO ARG Tié 730
Fresao 123 1074 w0852 937 Bid 690 $10 0 527 384 558
Merved 0940 688 &0 624 416 314 9.1 434 34.4
Maonterey &7.8 %0 HTD 85 690 £32
Sacramente 100 10.1 14.3 130 03 118
. Benhto W0 L 04 187 231
5. Joaguin 00 68 100 o 287 01 WA WE S0 330
S. Clarz it e R3O RS 17.0
Solano 280G 286 3&0 470 e 39 o 1T 373
Stands, 420 425 Ax& 4290 434 FY O BL 85 B8
Subter 160 164 85 4LY 3T 63T 181 554 £8.3
Yolo 0o o 213 193 T 314 143 30 3885 413 433

*The sptimization mode] sxsigre & minimiss of 10 mies fir each Baul, o reponed milsages equal vz 30.0 dencle
tomadses processed in e immadiage viciniry of e presducing ares,

£3. The Ksthosted Value of Expanded Tomats
Production

Part of the sclution w the optimization wodel
sarnmarized in eguarions (4.101-(4. 131 18 2 set of values
o shadow prices that estimate the moreuse in {he
ohiective function sitainable by relaxing sach soostraint
ot wmit. Im this seclion we ¢xamine the prospecis for
sxpanding (or. sgmivalenily, reducing) lomate acreage
in cach of the I3 producing counties. This analyziz
st also be interpreted with combion, First, growizg
conditions may cimply meke i infeasible in: expand
significamty the time pedod & ¢ounty is in production.
For (his reasom, we considér xgansion or comrscton
anly for those weeks In whith a counly was in
production in (989, plus one additicnss! week a1 the
begtring and end of it 1989 harvest seasoq.
Second, the estimaled shadow prices report oniy the
increnvenial  varistle profit floss) from  growing
additional (Fewer tomataes. They do not consider tha

availability snd oppostonily gosts of the addidess
gesouroes, most notably fand, that would be mquired 5o
gxparst innato production. High land epparamity costs
due 0 urbanization have. £ example, camsed che
deedine in fomsta produetios in the Bay Ams coastal
coundes, Third, ihe shadow prives repert the valse of
& merginal (lirerully, one ton) expansion of production,
For decision making parpsses, the relevent magnitnde
of prefdoctios chanps is often mmoh jsrger, ad e
vahue of @ one-unit expension may not be mesainghul
 these cases.™

Tables 5.5 and 5.6 report the maximen increments!
valtie againable by the indusiry from expansion of low-
and high-solids lomaw production, respoctively, in
each of the 13 coenties,  These shadow prices s e
szles value of 2 ton of raw  ioysafoes in procssesd
prowduet  form Jesz oosts for smnsportation  and
processing, all in serns of heir 1965 vslues,™  The
largest shadow value for cach week is indicaind with
seid letering.



Table 5.5, Marglnal Values ($Ton) of Expanding Low-Sollds Tomate Production

County w1 w2 W3 w4 Wi W6 w7 W3 wo Wit
oluse i8R He 23 162 158 156 i57 i62 i54
€lonirs Cosin 1594 206 2638 1A 162 142 152 157 150
¥resno 46 i 149 187 158 1% 15 134 335 187
Merced HE 206 183 15 155 161 148 167
Monterey 15 160 165 161
Bucramenio 166 166 165 1358
San Benito 190 163 169 164
San Jozqiin 206 203 170 164 143 163 163 161
Sante Clars 167 173 166
Rolann Mz Ht 182 162 182 164 1465
Stanklaos i 56 151 16} 184 164 162
Sutier 18y 257 65 151 13% 137 182 133
Fole 211 2057 55 361 155 159 164 15
County Wil WI2 Wi WIid WIS WwWis W17 WIR Wi Wia
Colusa 157 163 190 193 202 106 210 197

Condes Costa 162 168 195 198 203 0% 207 202 176

Fresno 159 1 196 1% 5 20 28 190 174

Merced 142 £t 198 %7 i3] 213 0% pithH 76 174
Manterey 163 167 153 156 I8 it 198 P8 £71 187
Sacramente 160 156 ¥ 2 53 P/ il 11 201

San Bentie 164 174 221\ B £ 206 203 194

San Josgokn 163 1'% 197 195 204 207 Hw 208 17 183
Sania Clara 168 174 201 204 206 04 20 193

Soinno is2 I8 195 152 203 206 2N 03 177
Biserighans 164 £ 198 194 i 22 207 250

Natter 157 3 £90 i% 252 qHE  Hm 159

Yalo 159 S 157 2 054 08 213 264 174 178

Desending upon the week and the proxlucing sounty,
an additional ton of Hgh-solide tomaoes & warth 9 -
13 dodlars more than an oltherwise equivaint ton of
low-salids iomatoes. This information may be vahiable
in swucturing price premia for production of tomaioes
with kigh-selids content, Presently, somie processors do

not offer such premia. and, among those st do, the
magniuds of the promium i often Tess than ihe oot

valie of the

analysis, ™
solicds fomatoes in the mexdel was approximately three
wnths of 2 percent,

incremersal  solids bassd on our
The difference between kigh and low

This difference yiekds abeut 7



Table 5.6, Marginal Valves (8/Ton) of Expandlng High-Rolids Tomato Production

County w1 w2 W w4 Wws Wwa w7 Wws wo Wi
Coluzs 198 219 213 72 16% 148 168 174 167
Contra Costa 204 FALE 1% i7h 3 172 s 177 T
¥respo 150 YR 200 HME thi 164 160 164 169 168
Merced 216 173 169 i5% Im 175 174
Monterey ITH 175 il
Sacramento 1H) 170 75 168
Sun Benite 178 L 176
San Joaquin 213 213 ire 174 173 173 173 174
Sasta Clare 174 77 ig2 173
Solane 213 78 172 i3z 172 iT4 170
Slanislaus 21 76 17 17 1?4 174 YH
Kudter 216 175 1%3 168 167 1 5
Yolo 0 231 216 175 190 164 169 174 147
Coumnly Wil Wiz Wil Wid WIS Wis W17 Wig WY Wig
Colusn 169 173 ity 208 21 216

Contra Costa 173 178 205 208 2:3 Z16 218

¥resno 170 i 206 o 215 iR 216 He 184

Mereed 175 178 08 257 217 3] i1k 211 186
Monterey 170 172 Q03 06 0% radl <08 it ¥ 181 1)
Sacramento 1) 175 03 PASE 213 237 2 FE3 |

San Benita i¥& 51 e 210 212 216 243

San Jomrguin i73 7 206 1) Zi4 AR 118 21X 189

Sarta Clars 177 154 ¥4 3| 213 215 24 21

Sedano 172 178 i 208 213 216 bt 213

Rtanighas 174 1840 07 206 214 20 217 210

Rutier 147 173 200 it Z12 e 220

Yola 158 i75 A5 210 114 218 a3 210

percent more ouipEt i producis like paste and souces.
The difference between e high and low solids
marginal vaises refiecty the amount of produst going o
these vpes of prodects vs. whole somalo produects,
which in fura depends on e assommient of diversifieg
OF pase pleat types operating within 4 region,
Because of the stable premia for high-solids
matoes, we can foous our discussion of the shedow
prices an  the incremencal vaiues of low.solids
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production cuntained in Table 5.5, Very sarly-and very
latg-seasen production was sot particulasly valuable in
1989 because processors were unable to operate at
capacity and ofien the (omatoes were hanied long
Jistances.  Duting season 2, Ban Jomuin Counry
production usually bad e highest valoe.  San Joaguin
County in Region 3 is the lecation of geven fomaw
processors with 2 joint weskiy capapity of 191,500 wns
(Table 4.3}, San Joaquin Councy, however, produes



almost 1o tomatoes s Season ) and only 36 thousand
lons it season 2. Therefore, considerable volume must
be shipped from other pooducing regions. The gain
from decreased ransportation costs makes San Jozquin
Coannty s2ason 7 womatoes the most valuable production
in nogihern and cemral Californin. San Jouguin County
produclion peaked in 1989 at near 400 shousand tons in
season 3, obvisting te need for fong-distance hauis
and) exlucing the value of addaional San Josyuin
County procuction dursag this tims. Finaily, San
Joaguin County prduetion is agsin mistively very
watuable o wesks 120, season 5 This redult eflecs
that San feaquin County processars have e capability,
dug 1o the County’s abillty 1o harvest tomatoes well
inter the 483l 1o mateed ihelr processiong season longer
than most rivel plants.

The memt valushle peak-harvest {season 3} tomatoos
are grown in Sants dars Cousty. This resolt ik not
surprising becawse that wrea, Region §, s e home of
six processors aad miowe have noted s 3 significant
matg defioll negion. The rangporiation gast saviage
from uilizing loeal production mskes 3t valssbie, bat
the demands of wbanizaiion make it vnlikely that
tomate production will expand in this ama. +

Irigremenial Presno Connty producrion 15 amoeng the
leass valuable in the Star, ¢specielly through the first
three processing seasons, As the area’s major surplus
producing region, Freseo County tomatoes are often
shipped long  distances ay Table 5.4 indicates
Preseriity, season 4 and 3 prodociion in Fresno County
iz very limited, but, s Tables 5.5 and 5.6 show, i 5
considerably  wmowe  walusble  than  early-season
prixiuciicss, primarily bocsuse i can be used Jovslly In
Ragiom § vather than shipped slspwhers,

Region 2, the soms of Yolo County. is the lacation
for st peocessors with jolnt weekly copacity of t33
thotssend s, The moremental value of Yolo Oouncy
production is also relmively low duriag most of seasons
2 atel 3, reflocting the County’s large production snd
smins 8 wn expowr during i twe o Regioms 3
and 5. Yolo County prosiuciion i especially valoable
during seavons T and 8 when, fo date, only limited
producton has mken plece,

In penersi, the shadow pricas show 2 relatively
consistent s asrtas counties. They are Jowest in
woeks 1. 19, and 20 due to high processimg costs
generated By excesy ceapacities. They also wend 10 be
low durisng e middis period, wegks 5-12, of the
processing seeson, when most planis are ahie 16 operate
ar full capaciy during harvest years similar m 1589
The Highest mucgingl values were attained during the
early harvest in weeks -4 and then again during (he
late harvest in weeks 13408, This information may be
useful in deviging price premia for early- and Jate-
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seasoh hArvests o give growers appropriaié incenlives
to fill these market windows.® Higher late.ceason
prices ate needed to compensate for the higher nsk of
late season production, typically fower solids levels and
thus price, and the lower proportias of ripe: fomatoss 1o
b harvested,

A Bral ravest must be noted s exaninmg the
change in the shadow prices foNm: SCAson & saEson.
Temaw suilds are aifscted by changes in wanpersiuny
and day length and so eacly and late scason omatoes
have Jower average sabds than hose bervesied durning
tke height of the seasort. While (his i3 sefleored in the
model by 2 reduction in the proportion of high-solids
tomatoes svaialis, the sexdow viduos refleot the valus
of the oversll average solids lavels 15.12% for fow and
5.45% for high-solids tomatoss).

34, Optimel Allocations ta Processing Plonts

In chic saethom we toport Jaformation on the opumal
aflocztion of e 198% harvest 0 the 32 tomae
processing plams inciuded in the study, We contiave
1o dasighaie Tinms acconding 10 Wheir regional location
and slso scparaie paste vs.  diversified.products
ProCLEsors,

Table 5.7 summarizes the opersting conditdon of
each of the planis for the 20 week harvest and
precessing season. A ‘0 designates that a plant was
cperating under the ophimal solutton during Lhe
indteated week, while an X’ dedigrates that the plant
was opersting at ospacity.™  The first plania o bogin
operstion ander e oppimsd solstion ary diversified
prolucis processoes in Region 6 This outcoms
corresponds o the eartinst harvest occurrityg teardy in
Fresno County. Twslve planis encompassing five of
He siv regions are in operation by week 3, including
all the planis in the Stanisiaus County, Region 4, area,
Though havling distances are long for Ragion § planty
they mre ay close, or closer, 10 Fregno counly
production 1han proaessors i Begion 1, & or 3 four
of the six Region 5 plants open in week 3, with the
remvaining twe beginoing in wesk 4

Veek 4 marks the onset of season 2 and the peak
harvest period, AR diversified-produnts plants ia
Remions 3-0 ars aperating at or neer tapacity dusing
this week and conthiue o operaté a1 cepacity drough
week 12 under the optimal solution, Al diversified-
products plamts in nonbern Regions | oand 2 s
operating al capacity by week five and continue o
opetate at capacity through week 13, meaning that all
diversified-products plants in the study operated a
capacity for at least nine weeky wnder the optimal
solution far the 1983 harvest,



Operating Conditlon for Tomate Processing Plants Under the Optimal Allocation for the 1989

Harvest (continues)

Table 5.7,

w9 W10

Wa

W1 W2 W31 W4 W5 Wb
Diversifled Products Plants

Plant

Reglon

Lal s B B )

Con B o B e B T B~ D

— 4 om
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Puste Planis

Other
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Table 5.7. {Cont.)

Will Wwi2 Wil Wwid W15 Wlé W17 Wis w19 w2

Plant

Region

Myersifled-Products Plants

.

Paste Plants

Other
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As nowd, under the cost and revense infoomation
compiled for this study, belk paste production was
generally fess profitable than production of diversified
producis. Thus, the six paste planis in the study tended
i operate tewer weeks than e diversified-produca
plants,  The three pagte plamts locased in Region 5
began operating in weak 3, two operated at capaciiy for
woeks 5-11 and 21f these had ceased apsration by week
12. Tae cossation of operations at this Swe codncides
with a sharp decline in availability of production from
Fresng and Moerced counties.  The other tiree pasie
plans are keated In Regions 1. 2, and 3. They fellow
an operating cvcie simlar 1o the Region 6 plenis. Twe
hegie operating i week 5, and the third in week 6.
Two continue opersting through wezk 12, with the
otey stopping afier week 11,

With the onset of sgason 4.0 week 14 3 zumber of
diversifisd-preducts procsssors cease opersting under
the ppidmal solution. All Kegion 4 processors shat
down for the sesson during this week, The highest
eoncentration of groducton during seasom 4 is in Yolo
Coumty.  This productien s alf somsumed kocally in
Region 2 undar te oprimal solinion and is sefficient w
sustain two Repion 2 preessors’ operations throogh
week i

Al but 2 few procésyrs have shol down by ithe
beginning of e very Iate Season 5§ harvest The
tomatoss that were availabie w0 e procesied were

spread aoross a large part of the arva, inchuding the
southern  (Fresme Coanty), cemiral {San  Joaquin
County), Northern (Yole County)l =nd  coastal
(Monterey County) regiang. The response under the
optimal solusion w0 this karvest scenario is essentislly
to designate aae plunt in each produding ares to raceive
that area’s peoduction, For example, 2 single procsssor
remnsing in operadon i week 17 in Regions 2, 3, 5, uad
&, sitough with one exception the plants wre unable @
operate au capacity™  Inwerestingly, gwr plant that
regnains apen during this lme under the optimal
selution iz a0t necessarily the largest plant in the
region. Based on ovur size classtfieations set in chapier
4, two of fe plants operating i season 5 ane amall,
ang i wedivm, and byo are Jarge.

ff i3 imponamt 0 use cavion in inrerpreuny rswis
when plants sre opersting censidersbly snder capacizy.
In these cases the non-lgeer alpentom used (o find the
optimal abiocation may be zrable wr “see” o altemalive
betier alioegtion, even when one exists,  The algorithm
maves from one allocaliom o ancther by chosting 16
move in the direction which gives ike Righest
Enprovemest i the objective fuscton, Given e
penefits 10 opersting &t capacity, or more pceuraely in
this case the costs of not doing 30, # is possible for
the aigosithin to pet “swmek” on one allocation because
decressing he allocation fo ave plant indreases par unit
Gost miore Uian the profis gained by movisg 2 single

Table .8, Excesz Tomato Provessing Capacity by Region: 1989 Harvest (O Tonsy

Reg. Wi w2 Wi w4 wé W7 W8 we Wig
1 4.0 6.5 460 =0

2 1550 1584 311 528 0.1

3 T19LE 191.5 147.5 k2 5.0 223 10,2 22.3 350

3 93.3 620

5 923 2.5 A4.4

& 1315 B985 RL.O £1.0 110 174
Reg. Wil Wi W13 Wid Wis Wwis w17 WIiB Wis w20
H 7.0 B0 90 il A6.0 4.0 460 46.0
Z 137 270 Ho 532 A 122.7 1RRG 1550 15340
3 14.2 250 B35 17,5 HI 159.5 Hed B 1703 1897 R4
3 0.6 v3.3 B3 9.5 3.3 93.5 418 933
5 285 351 526 %0 831 L IR 92.5
L P 3 B1G 810 L 533 154 L10.6 §233 1313 1330
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ton (o another plant. Unformnately this result can keep
the program from testing whether a complew
reallocation of tonnage from one plant Lo the other
would be an improvement. Table 5.8 reports
weekly excess processing capacity by processing
region. A fact of tomato processing is that firms must
plan their capacities to meet the peak harvest during
seasons 2 and 3, Most plants and regions, therefore,
have substantial excess capscity during the other
geasons. The industry has moved in two directions te
better utilize plant capacities: (1) the harvest has been
extended in some cases up to 20 weeks as this report
documents, and (2) some plants use norharvest wesks
10 remanufacture paste intg other products, Our
designations of operating condition in Table 5.7 or
excess capacity in Table 5.8 refer only to the primary
harvest, and do not take account of these
remanufacturing activities.

The greatest early-season excess capacity is in the
San Joaguin County, Region 3 area. Most Region 3
processors do not begin operating until week 4 under
the optimal solution, and modest excess capacity in
Region 3 remains through week 9. As the Fresno
County harvest begins to decline in season 3, Region
6 becownes the main surplus processing capacity area.
Under the optimal solution for the 1989 crop, the three
Region & paste plants shut down after week 11, while
ane of Lhe diversified products plams shuts down after
week 13, The other diversified-products plant in the
Region remains open through week 19 as a destination
for late-season Fresno County production.

Excess capacity existed in all six regions beginning
in week 13. Regions 4 and 5 had the least excess
processing capacity under the optimal solution. Region
4 operates at full capacity for 10 weeks from week 3
through week 12, region 5 operates at full capacity for
weeks 4-12, while Region 1 operates at full capacity
for weeks 5-12,

Analogous to the shadow prices derived for county-
level raw townato production, the base model solution
also includes marginal values on plant capacity
constraints. Fer weeks when a plant j is operating at
full capacity, these shadow prices indicate the
increment to variable profit obtained by reallocating
one additional ton of tomatoes from another plant, one
not operaling at capacity, to plant j (i.e., relaxing j’s
capecity constraint by one ton), Thus, the shadow
prices measure the value by week of expanding
processing capacity in each plant by one ton based on
the 1989 harvest.

Table 5.9 reports the plant capacity shadow prices
for the peak harvest wecks--seasons 2 and 3. The plant
designated in each weck as "Mar" is the marginal plant
for that week beeanse it is not operating at capacity, In

other words, it is the plant that is likely to lose
tematoes under the optimal solution if any of the other
plants expanded their capacity. The highest shadow
price in each week is indicated by bold lettering.
These shadow prices indicate the value of an additional
ton of tomatoes to the plant in question net of the loss
to the plant which otherwise would have processed it
and the additonal mansportation used to get it from the
lowest valued site to the one in question,

The most valuable processing capacity during season
2 is located in Region 6, where additional diversified-
products capacity would angment variable profit by
more than $55/1on during weeks 5-8. The comparative
advantage to a Region 6 processing location during this
period reflects the large Fresno County harvest during
seacon 2. With the onset of season 3, Region 2
capacity becomes the most valuable, reflecting Yolo
County's sigms as the leading tomato-producing counry
during this time.

The value of additional processing capacity for
diversified-products plants generally varies between
340-55 per ton during weeks 5-11. The values are
usually abont 8% lower in Region 5, reflecting the long
haul that is necessary 1o bring tomatoes to this region,
The shadoew prices exhibit a pronounced decline in
week 12 and then again in week 13, reflecting the
declining harvest during this period in 19€9, especially
in Presno County (see Tables 4.1 and 4.2),

The recurring theme throughout the base model
analysis of comparatively lower paste plant profitability
is also reflected in Table 5.9. The value of added
paste-plant capacity in most weeks is less than one
fourth the diversified-products plants, For weeks which
paste plants operale, they are Lthe "marginal"” planis that
would lose tonnage if diversified plant capacity were
expanded as envisioned by the shadow price analysis.

Finally, we tmm to analysis of transportation
mileages for shipping product to the 32 processing
plants. Table 5.10 contains Lhe estimated average
mileages by season under the base model solutien and
the overall average across seasons. The overall average
mileage from consrained model A, the estimarted actual
cuicome, is also provided as a comparison.

The tomato transportation story told by Table 5,10
is consistent with the prior analysis in this chapter,
Season 1 hauls are high for most planis operating at
this dme except those in Region 6, which are
proximate to Fresno County production. Mileages
during season 2 are highest as expected for Region 5
firms, with one plant recording average mileage in
excess of 150 during this season. Several Region 3
processors in San Joaquin County also incur average
one-way hauls in excess of 100 iniles during this
period, reflecling that only 56 thousand tons were



Table 5.9,
Seasons for the 1989 Crop

Marginal Values ($Ton) of Tomato Processing Plant Capacity During Peak-Harvest

Region Plant W4 Wws Wo W7 wg we w10 wll w12 w13
Diversified-products plants
1 i 375 418 436 444 399 46.4 44.4 38.3 il3
2 1.4 42.6 4569 49.9 50.7 46.1 52,4 50.7 4.6 17.5
2 i 4.4 456 49.9 51.7 517 45,5 534 51.7 45.6 18.5
2 7.0 48.8 53.1 54,9 549 40.8 569 549 43 .8 21.8
3 40.4 44.7 46.5 a6.5 419 48.6 467 40.4 13.5
4 3B.8 43.1 44.9 44.9 40.4 47.1 45.1 3338 12.0
5 87 49.9 54.2 56.0 55.4 503 574 554 493 223
3 1 32 46.5 508 50.8 48.4 48.2 50.3 48 .4 423 15.2
2 10.5 429 472 472 412 45.7 42.1 47.2 41.] 14.0
3 0.5 42.8 47.1 471 47.1 45 .6 49.0 aT.1 41.0 139
4 Mar 36.1 41.7 42.2 422 40,7 4420 42.2 36l 9.1
5 359 40,2 402 402 387 422 40,2 34.1 7.1
4] 40.6 449 449 449 43 4 46.9 449 338 11.8
7 d41.5 458 47.6 474 442 49.6 47.6 41.5 14.5
4 1 19.4 518 56.1 56.1 526 47.5 491 47.1 41.0 13.9
2 19.3 51.7 56.0 56,0 52.5 47.4 49.0 47.0 409 13.9
3 38.0 423 423 388 3T 35,2 34.2 281
4 14.1 46.5 50.8 508 47.3 42.2 438 4]1.8 357 3.6
5 i 40.8 45.1 45.1 41.6 378 40.2 43.1 356 959
2 40.4 44.7 44.7 41.2 374 393 41.3 338 .l
3 38.3 42.6 426 39.1 353 37.8 39.2 37 Mar
4 5.2 i3.6 429 42,9 304 343 41.2 383 332
5 5.3 17 42.0 42.0 38,5 334 40.3 R4 323
6 56 42.7 a7.0 27,0 43,5 g4 45 4 43.4 373 10,3
6 1 15.3 47.7 520 520 48.5 43.4 43 4 430 364 6.4
2 224 547 590 590 555 504 50.4 50.0 434 13.1
Paste plants
i) 1 Mar 6.2 6.2 Mar
2 62 105 105 70 19 3.5 1.5
3 2.0 6.3 6.3 9 Mar Mar Mar
other 1 39 57 5.1 7.1 5.1
2 29 Mar Mar 59 3.9
3 2.0

harvested during season 2 in San Joaquin County
during 198%.

Production is widespread across the state during
season 3, ceusing the average haul under the base
model solution to decline relative to season 2 for all
firms except one Region 3 paste processor. The
longest hauls are still recorded by Region 5 processors,

but the highest average heul for any region is under 70
miles during this period.

Late season haulage distances in seasons 4 and 5 are
generally low, as most of the harvest is processed by
local firms under the optimal solution. Region 3 firma
who remain in production during this period, however,
generally continue Lo incur the longest havle, '
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Table 3,10, Aversge Shipment Milesges for Tomslo Frocessing Plaets by Seasom: Opthmal vs. Artual

Allocation
Reg. Flant Season ¥ Sesson 2 Seasom 3 Senson 4 Sesson § Toisl: Totals
Optimum Actanl
Diversified Prodocis Plants

: 1 1R £50 542 744
3 301 t6.0 160 218 3o

2 1 40.6 FadH W0 331 5.9
p 3 i1i4d Hxe: 204 8.8 id.a IR¥

3 4 WU 14,4 4448

4 pa 1) 17.4 1.2 £59

& aae ¥ ¥ 200 E 2a% iLl

3 1 15108 ii44 139 93z 1243
A HeN k: X+ A BR¥

3 F{s *Ri] 313 vy 517

4 5905 120 ETERY ot N A 4.9

5 240 306 I 4.7

& 1208 HO %4 1614

. 414 3.8 1841 7.6 345 W

4 H #3.0 B8 18 &9.7 3&4
2 KiEe 50 511 5.1 a4

3 #59 B4 452 B7.4 4.1

4 3.0 Fkt H.4 88,4 &1.7

% H 123 (330 iRy 20,4 6.8 &34 2 E
2 1378 iy 416 355 T {5 ]

3 1380 1284 63.9 [ 1126

4 1304 714 RS ii%d

5 1438 9ia i22% 132

& 530 %25 L2 TG R 11453

i i G0 LG .6 1 1.9
) 254 hREH 7 4.4 323 54,3 H9

Pusic Plauis

& i 94 61 R 419 3%
2 25,0 Z8.4% 2%.0 153

3 GH.G 9.2 ' 514 574

b 1 178 170 173 ne
p 0.0 1448 0.0 284

3 4 &b 3.2 LF A




Among the 3] processors, 27 incur shorier hauls
under it optimal solution thay were acrually imcomred
based on the scherien fo comstrained model A, The
sse-way haul savings for the two Region | diversified-
progducts processars sre gach 10-20 mifes, In Region 2
ihis SAVIRES vary rorces processors, rangiag from a high
of 45 milex te: a low of abest Aive miles. The optimal
bawl mifesges in Region 3 are 10.25 miles loas then the
actusl nliocstion for fAve of the seven divensified-
procICEs processors; one s cslimated to save over 36
miles,

Mileage in Region 4, the Sumisiany County ares, iy
et reducsd significantly onder the optimal solution,
In fact, theee of the four processors incur longsr hauls
under the optisal solution. Althcegh the base medpl
sohision differs in 3 samber of resgecis from the aotual
ghneation for Ragion 4 e Tsbis 523, the upshot &
that this cenimally jocated Region can procure womatoes
from Fresno, Merced, San Jaaguin, and (scuthers) Yolo
Counties without affecting haufage <osts @ 3
samificant way.

The aversge mileage snvings for apgimmal vs, acual
silocations in Region 5 also wary considerably.
Mileage is reduced by about 15 far four of the six
diversificd-prduis planes, while it changes ltde for
the other rwes, 1n Region 6 the wwe diversificd peoducts
piants #seldove modest mileags savings under the
opimal  soletion  beoosuse more  Fropnn  County
peaxduction is aliocated to them. However, two of e
three Rogion 6 pasie plants end wp with longer havls
under the optimal solgiton than reconded in achuality.

5.5 Conclusions

Analyais of the base modsl solution for alineation of
the 198BS processing tomate oop relgive o the
estimated soteal allogstion of the orop revealed modest
mefficleacy in allocating the cyop among pricessors.
in partieviar, the comparison suggests that oo much
interregionsl hauling takes place.  TFhe additions)
vastsbde profit genersied by the Dase madel solutios
works out to 33.08 per ton of raw womames for the
1989 ¢crop.  Based on approximately 290 dwasund
loads of lorastoes harvested from the 13 counties
during 1989 and 9.94 aversge miles of reduced Havlage
angder the base model, we compuze that 3.8 nglhion
atditionad miles (round-tap) were traveled hauling
tersatoes i 1989 than 3 dhe base model solution had
been impietnented,

Seversl fmdors conmbute io the divergonoe between
e opiimal sné zenial soletions.  Most impostant
pethans iy the mdusey’y use of 2 unifoen pricing
srucmre.  As chapter 3 illustrated, spifrm pricing
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almest vertainly leads o additonal sansportation
compared to an FOB pricing schema, Tn partieulyy,
uniform pricing facilitstes sveriap of market areas awd
ermgiongl commpetition among processors.  Growers
jocsted  proximaze o proosssing  facilities  oross
subsidize prowees 51 remote loeations srdee uniform
roong. Indeed, comparison of ke base mods] and
acruai atlocatons in Teble 5.2 confms il 2 grearer
ameuns of interregional shipment {ook place snder the
actial vs. optimal wllocation.

As we Rave soted in this separs, importans facton
sapport the indeszy's use of wpifoon prving and
intermugional hauling. 1§ eioderales risks due 1o Joval
crop failums, o facior our analysis was onadble to
consvider. 1t also enables precessors, such as thoge
located in Region §, who lsck a substaniial base of
kcal pmduciion, fo be competitive in procaring
wntatoes from other regions,

Longestanding  comtractunl  relatiomshis  hebwgen
grewets and proczssacs may ase contribgg o the
divergence berween the aptiszal and sctes! allocalions.
Marker pasticiparss may peefer the stabiliy of these
srranpements eves though geosraghical shifts over time
in produclios mnsd processing locaiions sugpest the
oty of allermative allocations.  Forthernore, oue
analyaiz was anabie 10 etorporets unigoe tmological
or market adventages that some processors may enjoy,
Firms that occupy partievlarty lucrstive niches in the
matket for processed products oF erupioy superies
processing tecknologies will be able to profitably &
jomatoes longer distaaces ihan eaa the protoiype
pricessing firms modelad here.

Thus, this analysis shouid not be comstrued as an
indicmiest of present industry practices, [adeed, given
ail the complicating factors hal intervese in
independent productiom  and mwarketing decisioms of
pearly 500 growess and 31 processors. #H iz perhaps
emarkabe tha the variable pmfi genomwmd hy the
optimsl ve. estimared actus! alloeations differ by only
1.9%. Raher, the powential ptility of this enaivss Heg
in suggesting  potenlial  efiematives i prevaitisg
practices. Por exsmple, whereas it is probably not
feasthle to adopt fully dhe optimnl zolstion, some of the
reduciion i cross-region hauls produced by the oplimal
allocation may sugpest profitable alernadve contracting
oppornisniies for both gowers and  processars.
Nimilarly, the shadow prices for additionsl production
by location, scason, and solubie solids content offer
guidelines for spmomring prive presmis 1o achieve the
desired harvest characteristics, Plant capacity shsdow
prices, iz furn, suggest docations, based on the 1989
harvest pamermn, whore additional production capscigy
woult be best silized. We exzend i analysis in the
ek chapier by simulating the dovelopment of ngw



processing planiz 22 key loceions in the staee. Wealse  product retumns by simulating 2 long-ria squitibnium
address the dichotomy betweesn paste and diversified-  wherein returns arw sguated soross product forms.



6. EXTENSIONS: LONG-RUN EQUILIBRIUM AND NEW PLANT
LOCATIONS

The hase modei descrihad in chapier 4 and analyzed for
F9E0 industry condidons in chapler 3 can be altered to
performe 2 vardety of “what if" simulations. For
exzenple, e offecls of chabges In e magaitade and
location of raw product praduciion can be analyzed, as
can fhe aniry and exit of processing plante. Similardy,
the effecss of chanpes in ecenomic vardables saeh as
progessed-product  prices, raw-prodlet  prices,
mmcessing  cosis, or kransporistion cosls can be
simulared, To condaie che scope of s analysis, our
focus in this chapter i lmited & iwo types of
simulgtions:  Fimn we will examing 2 long-run
equilitrism formulation where pasie- and giversified-
product retemms are equated.  Second, we exsring the
effects of establishing o now processing pla in Ragion
{ and in Region 5.

4.1, Long-Run Competitive Kquilibrivm

An inponiant feature of the analysis for the 1989 ¢rop
year was that varisble penfits for processing diversified
temate products exceeded significantly the variable
profits from pracessing bulle passe enly. Ag nozad, his
profitability differential appears to bave persisted in the
indusiry for some rimie wnd may reBect the marks
power of diversified-products processors of renis o
weil-kacwn diverstfiedpraducts brands.

In & competitive indastry market fogess can be
expecind o redet over time o eliminste sech profil
differensisl  mmong  allemazive peoduct  forms,
Specifically, profit-seeking ebaviar will suse raw
tomamoes 10 Bow e their highest valved processad-
prodiet use. This inprease in he volume of diversified
prodects suppliesd and deorsase in volume of bylk passe
wosid, in o, reduce the profitahiiity differential
befween them until in the long run saarginal petuens
wouid be squalized acrogs siternative produst fooms.

Mulkematically this sotion can be exprossed a5
follows: Let P2, represent finished product prices
for n product forms, W oepresent the umifors raw
tomatg priee, &g o<, represeni varlpble processing
cosis, Fimally fat %, .2, represent the ratio at which
raw moduct s converted inlo processed product for
each of e n prodoct forms, Then markst forees wili
work o astablish the following long-run sguiliorium
cemdition:

Wom BP0 RAP - G o= w AP -0
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i.e.. processed produdi prices net of varlabie peocessing
costs atid adjssted for differmmsind cow-10-Drocessed-
produst conversion ae squated siress product femas,

In Californiz this movement of tomatoes ks
diversified womalo prasiuciy 5 constrained in the shart
raa by the caparity of the diversified producis plants as
Hlssrated in he chapter 5 mmalysis.  Long-tun
adjusiment w0 equilibiom mwmy monine expession of
processing  oapacity  for  diversified producs o
inereased mmanufacuring of bulk pasie ino the bigher
valued diversified prodosis.  Three paste plans
atdertake vomently comanciscturing ascnivities at other
{alifomia processing piant sites.  For purptises of this
apslysiy (e adissiment 1o long-run eguitibrium was
sipmiasted in a simple ways  the buik paste products
price was pdiusted apward™® ) equate et renums for
processing dtversified and paste products o a mediurn.
size plani, This type of masket adjusiment oouid, for
examnple, mioct changes n she inernational ket
fhat either increased 118, pasie cxponts o decrensed
DREE HAPOMS.

To Swilitate comparisen with chaprer 3 results, we
onice apain wse 1989 values for fometo prafuction,
prices, and costs. The most obvions chasge in the
meonde] solution from equsting paste- atd diversified-
product retems 15 Lhat \he six bok paste plaets 3 the
stedy recsive o considershly grmater allocaticn of
wmaraes pader te optimal soiuden: 1,057,008 wns
v, 382,130 tons uader e solution based on aomsd
prices, which herceforth we refer to as dhe base modsd
sotution {BMS). One paste plant in Region & (Fresno
and Mearcad Counties) now begins operation i week 3
ve, week 5 smiler the BMS. The other two siill Degin
operaion ix week 5 all three operate at peak capachy
svery week, Ome plant shots down after weeld 140 the
oAher fwo contimie fo oporate sl capacily through week
i1

The 1wo paste proesssing plants i Ragions 1 and 2
iptiiatz operations i week 5, the same 35 snder the
BMS, bit under lesg-ren oquilibrium a8 opeu and
op#rate Hroughout at capasity vs. Operaling at less than
capacily & three instances wader the BMS. Unly the
Region 1 piant ever operates al fess than capacity n the
tong-run egoitdwiam. In sem, additional puiput
fiowing (o the pasic plants under this scenaric is
gonerared by s combinntion of mecdest expansions at
the Begianing of the prodessing sesscn and. with the
cxnsption of the Region 3 pasie planl, operation at full
capacity throughout Uie season.



Table 6.1, Allpestions and Mileages for Bage vy, Long-Run Equilibrivem Models

Reglon Base Model Allocation Lomg-Ran Equilibrium Altoc.
Totsl slipment Avg. one-way Felul shipment AV, oNe-WAY

{060 tons: miieage (0B ons) mileage

i 442 % 2834 4389 28.3%

2 17484 A 17802 2020

3 1886.% 7117 3913 £9.45

4 10854 4167 ARG 8x.54

3 1046.4 3649 iR 9652

& 1270.8 52.57 1337.3 £

The Jong-rus equilibriem solution bss 1k impact ob
gunpponatica costs for e industty. The average onc-
way milcage falls to 557 va. 36T for the BMS,
penerating 2 savings of $780.006 Tuble 6.1 Dlostentes
the reasons for the reduced havlage. Hegion 6 paste
plants utitize greater amoucts of Fresno and Meorced
Counyy proxlueoon, reaplting is dess lempedistance
hanisge #to regions 3 and 3. o a lesser scale the
same phenomeron applies 1o Ragion 2, the other major

Jocally aod fewer sre exported o Regiom 3 oand
elspwhers,

To obiain funher nformation on how the lowuatn
sliocation patmrn would be affected by wamslity o
pasie- sad diversifisd-product retumns, we cxamine the
wpewse! allocation of womsatoes by prcessing soason in
Table 6.2, For parsimony of prosegeation, we sxaring
anly the peak processing seasens, 2 and 3, and only
thise. counties where a significant reallocation from the

tomato surplns region.  More tomatoes ane consumed  BMS (depiced in Table 5.2) would accur”  The
Table 6.2 ABocatiens by Seasan for the Base vs, Long-Run Egquitibrinm Models
Coanfy Replon Beason 2 Aflacution Seszon 3 Allocation
Base Model LR, Eguil Base Model LR Exuil
Shipments io 060 tans

Conire Casta 3 B4 15LEd 4.38
X 239 438 4429 03

Eresno 3 400,26 35026
4 45750 457,50 151.4% 146,27
3 424,33 424,43 5,88
& 58400 H14.00 52 60 355,47

Merced 3 382 3354
4 2530 5233
3 1243 1032 by i1 48,4
& 8843 1.4

Solene b4 a4 £24 2324
3 4751 411t I8 PL YRS
A 1870

¥olo 2 421,99 43858 324879 25099
3 144.31 13271 2081 108,13
5 121.51 106.99




major season 2 reallecation that would occur under
losgerun squilibrivm would imvolve processing lecally
abony 26,000 tons of Fresoo County production that
wtder the BMS were shipped madnly inic Region 3,
whinh is replaced by Conts Costa produetion which
bagd boen shipped to Region 5.

In sgason 3 Presno County production has begur o
wind down and the base mede! and long-zun
sailibdum sflocations are guis sl The major
shaspe wauld occar in Ragion 2, where 15,000 woms of
Yolo Cnunty prodactien and 15,060 tons of Solasno
Comnty production would be processed locally rasher
thian be shipped into Region 5. Regions § and 6 would
lose shipments from Merced County, where 22,000 tons
would be processed tocally insicad.

Because (he lopg-run eguifibrium  siouiation is
irvoked by raiting pasie prices 10 eguaie vavisble
retnens from paste- vs. diversified-products production,
the marginal value of raw inmnage correspomdingly
moreazes during 311 wooks when diversifiedgrodusts
plants operste Y their joint capachty.  EBxoept when
fansporaion cost differentisls for sllocating 2 son of
smatoes belween 2 paste- ve, 2 diveryifizd-products
plant were exirenw, the ton would be stlocatad o the
diversified-products plant vp 1w {15 capacity tn the BMS
due o its higher variable profit per ton, Thus, during
early- and late-season harvests whien significant excess
processing  capacity  exists,  marginal  valses of
sdditional raw {omnage were, thuy, geoseraily based on
theit conesibution to prof¥ in a diversifisd products
phst. Ducing seasons 2 223 3 whon most diversified-

products plants aperated at capacity, marginal values of
additiomal raw tomnage were based upon iheir
contribution to profit in & paste plant and, thus, wars
genzrally lower,

Table 4.3 sthows by increase in valce for ingrementm]
iow.sehids tomalt wamage in the peak seasons for the
iong-ron  equilibriam  simulation  vs. b BMS.
Alhuuph the majoriiy of pasle processing cepisily In
the maodel 15 located in Region 6 (81,900 mnyweek vs,
3,000 tongiwral 15 i Other vegions), 1 s huermsting
o obrerve ikt the incremental valoes of raw product
tonnape Inorease almost unifarmiy across the 13 majos
producing counties.  This result illusivates the close
interlinkages in the industry.  Although the immediale
immpact of increqsing bulk pasie prices 1 5 increaie the
value of mmaioes grown near (ke pasic planls, ¢.8., i
Frusries Cosray, (omatoes grown in other areas become
sorrespondingly reove valyshle as they are resflotated
in the optimal sohstion to compensate for the additinnal
fonnhage Fowing 1o the paste planis,

A further offet of imcreasing wmumms Fem peus
produciion relgive (o diversified products production iz
fhat shsdow values 45 capaciy constaint decmase fir
diversified-products plants znd increase Yo about the
same leve! for paste plants. Similer 10 the county-level
raw product shadow values, the margingl values for
diversified-producis plant capacity deercased nearly
symmernically  soross  pissts. I e longrnm
squilitsinm maded the vwo main fasiors dfferantisting
profilabitity among plamis me (1} access o tmalo
praduction and {2} soonamies of size in processing,

Table .3, Additiona]l Marginal ¥nluey (% Ten) of Low-Sallds Tomaloes:Lonpg-run Equilibrinm v, Base

Model Solution
Coounty W5 bl w7 W8 wo wio Wil wiz Wil
Colusa 25 ? 7 16 z 41 34 28 {
Ceontra TCosta z2 ¥ i 5 26 & A4 25 i
Frosne 22 ¥ 7 ih 27 4 34 25 4
Maorned 22 ¥ ¥ % 27 3% 34 25 &
Monierey 22 1 i 6 I 3% 34 25 e
Racearnento % ¥ 7 ih 27 43 3% 25 &
Ban Beniw 2z 7 7 1% 27 i 34 25 &
Sun Josguin 0 & 7 ih 26 4 24 2 £
e Clere 23 7 ? 14 26 4% 34 25 g
Bolang 21 7 ¥ 15 20 A4} A5 25 {3
Stanislans 22 T 7 14 27 40 34 25 0
Suner 25 7 ? 16 27 4) 34 5 4
Yoly 25 7 1 3.3 p 40 14 25 &

47



62.  The Impact of Naw Plant Kntry in Californix
Tomato Precessing

In thus section we analyzs the impact on the provessing
Lomalo maastey of establishing new Processing plasts,
The bypotbetical plemis were locsted srategically in
sacpius produstion apsas. Ope plaat was located in
Region ¢ & Rippardan, near Frestw, while (e other
waz locsted in Region | i Bunnigen fnerhern Yolo
Countyr  Figore 6.1 fllustrates the lacation of the
hypothetical plants. Both hypothetion) planits wers
2530med 10 process diversified products sad 1o have a
“large® weekly capaciny of 30000 tons.

For purposes of conducting the new-plam
simalations, several chenges i Uie base maodel wore
imgpriemented to provide the most realistic assessment of
the effects on the indusiry of new entrv. Firs,
producton levels and iocstions were 4 izted fo 1590,
This year was chosen begause i represenis updated
information frons the 1989 base year. Prochuction fn
1990 was up somewhat over 195% lavels to 9.2 million
toms, which may wprmsent 4 typloal produciion year fiss
the  Idustre.”  Second, dee eXizing processing
capacity in the ndustry was spdated to accomut for
entry that had ocoumred tetween 1989-%0.°  Finally,
the new plant simalations were condseted under the
assumplions of long-ran equilibtum (ie., prste- and
diversificd-product variatie profits were scummdd). The
jong-ron equilibeivr sasumption affectively makes the
choice of psste anly vs, diversified-product Draguniion
for e mew plants sninporiant,

To ussess the impact on the imdustry of exch
hypothetical plant, we compare the opumal iomate
aliocagon for the indusry for a 1999 base model
withont cither new plant with the aptiomal allocation
thal resuks when cach plam is added 10 the axinstry.
Despiss the addition f the two puste plerms in Fegion
G in 1990, our saulysis supgests thar anodier plarg in
the Reglon would also be & magnet for raw tomaso
producticn. Under the optimal slloeation the Ripperdan
phamt operated during Weeky 117 of t harvest season,
ang operawdd # capacity for weeks 2-13 and 16. The
piant processed 454000 tons of tomwmines.  The
hypethetieal Dusnigen plar: in Region 1 oo attracted
& significant volume of lomatoes. 1 operated in weeks
13 in e oplimul solution with ) bai the inital
wetk represenling capacity operalion. Toial sepsonat
onpage for the plant was 326 8056

The scurces of produetion for the new grhams reflects
lhe sategic choives of torations made for them. The
Region 6 Hipperdan plant procured s raw tomasio
sapply sclely from Fresno County through week 12,
a which paint it alse seurced from Meseed County

4R

theotigh week 17 with meiner belp from San Joaquin
Cousty. The Region | plant was localed i Dhunmigan
in an area whers oo plants are locased presendy 10 pive
it hegemony over production in Colusa and Smter
Counties. Under the optimal solution the Dannigan
phant wag able to procure supply axclusively from
Lolusa County for wireks 48 and 1012, Tomnage wyg
also deawn fram Sumer Townty in weak B, snd Yaln
County belps in weeks 3 and 13, In es! 5% of the
piat’s tonnage was obiained froem Colusa Coungy,

Amaong the most meresting and impaoresn: dynamdes
of rew plant entry are i$ impacts on the oversli
spzimal temato allocstion peitem and, specificaily, on
campeting processors, Tables 6.4 and 6.5 provide this
irformation. Table 6.4 compares optimal 1990
atocdtions ¢ cach plant for the bass mode] ang B
tnodely with new plant entry.  Table 8.5 indicaws
optimal 1990 allecations from producmg counties 1o
processing regions for the samie sof of models,

The wwhles indicate that imerregional Compettion (o
progure omatoes offectively Hinks processors across
aporthern  and  cengral  Californis # Entry for,
vquivaknlly, sxit) in one egion affects processors in
almost every other regicn. The hypotheicad Ripperday
plant, although loesied south in Region 6, affecr
supply 1 processors in ali regions and has sigrificant
effects an processors in Region 5 as well 25 the local
Region. The hiypotheticl nonthers plans in Dumnigan
has anly a seinor effect on 0! supply allocsted 15 2
Begion 1 countuparts because the Region 15 a
significant surplus producer but, rather, affects suppiy
o processars in each of the tther processing regions,
ineluding the southern Regios 5,

Is each new-plant simiation, the wegion fosing the
greatest volomg of tannage is coastal Region 5, which
toses €3 thousand tons {5.3% of total) from eriry of the
Ripperdan plant and 48 thousand tons (5.0% of tomal
fromn entry of the Dunnigan sisnt. This latter yesult i
particslarly  stiking since Colasa {County, which
supshes 555 of e Dmnigan plant’s somatoes ynder
the optimal allocation does not 2usply any tomatoes s
Region 3 ander the 199G base model sflocation,
Hather, the tonnage is kst from Yals County, where
groduction rouied to Reglon 3 in she base mnda! ia
alloczied © processors et bad procered Cefuss
County production prios to eniry of the Daanigan plant.

These simpiation sesulis indicar the Compsarative
vilnerghility of Region 3 processor o maw
cmmpetithm as a consequmnce of having o sonyce
wmatoes fromm long distances.  The faot that the
opumal allocations for e models with entry saduce
omaic Sows into Ragion S relative 10 the base mode!
zliocation imply that Region £ processass could be ot



Figure 6.1, Hypothetical Pl Locutians

ny,

444
i

Miles




Table 6.4. 1990 Processing Plant Allocations (000 Tons) for Base and New Plant Models

Reglon Plant Base 1990 New Ripperdan New Dunnigan
Solution Plant Plant
Diversified-products planis

1 1 106 108 108
2 204 204 204
3 327

2 1 297 297 295
2 504 503 503
3 135 135 122
4 115 115 104
5 547 551 520

3 1 539 539 539
2 297 297 297
3 270 270 270
4 165 148 147
5 112 86 89
6 200 200 200
T 260 280 280

4 1 40 440 440
2 378 347 378
3 35 32 42
4 165 165 165

5 1 194 194 191
2 165 162 159
3 79 g1 83
4 150 119 125
5 96 64 67
6 285 288 287

6 1 173 174 173
2 613 500 610
3 454

Paste plants

6 1 162 135 135
2 180 180 180
3 306 238 272
4 (new) 264 264 264
3 (new) 180 160 180

other 1 153 136 119
2 216 189 189
3 148 75 75
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bid for these tomatoes I acwul competition by
propessors exploning locativnal advantages.

In cortrast to the hypothetical Thenigan plant Lhe
Ripperdan piant bas a major {mpact on dis direct
carspeiiiors in Region 8 Whersas 204,000 of the
26,306 tams processed by the Dansigen phat are lost
on net outside of Region 1, only 232,000 of the
A34.000 wass processed by the Ripperdan plant are lost
on onet ouside of Reglon 8 One of b diversified-
prochucts processas in Region 6 iost oot tonrage to the
piw plart ag did two of (hé tmwe established pasie
Fioocsons and one of 1he 1wo 10% pasie procsssars.

A perhaps unexpecied outenrme dosimented in Table
#.4 is that competitive eniry actually benefits some
existing processors.  The optismal solution for cither
aew plant modet shows a few processors gaining net
tonnage relative & the base model. The resson is that
moreased competition for taw pracint wanage Causes
gome plants to begia grcoesimg laor and stop
proceuving earlior in the harvest season. Thas, sithough
eniry Means s increase in oversll sompetition, during
seane wesks of the season fower fins on net sre
senpeting for tomatoes, enabiBng some fioms 10 auain
a greater volume of produst despiie entry,

The average one-way havling distince under the
oping! solution for the 19906 base model is 33.7 miles.
This mileage is down from the 1989 bhase model
siation dut o cstabilshment of e two new paste
rocessing facilities in producton-rich Region 6. As
bd for these jomatoes in aciwal complstition by
ynexpected, sniry of new plants furthir reduces baulage
posts relative to the base solutiom,  Avizage one-way
milgage with snty of the Ripperdan plant was
etimaidd o De 300 ws. 514 with eary by the
Ounmigen plast. Savings 1o the industry from redoced
naulage are wstimaled to be 32.8 and 51.8 million for
the Ripperdan and Dunnigan pianis respeatively.

Average mileage for ihe new plants themselves were
tiear the consrained minimum, 11.7 for Dunnigan and
14,3 for Ripperdan, reflecting the strategic choice of
thelr location in surplus-producing regions, Haslags
distances for most established pisms ware sither limle
changed or decrensed under solutions @ the models
with gntry v, the base model. Radfuced houlages most
ofien reflected lower tonnage flowing o plarss that did
not source distant production in the mwre competitive
market environment.

Region § was an exception & s sonelugion for the
mixlel wiik eatry by the Donnigan plam.  Three
provessors fram  this region incorred  snbsigntiadiy
grealer haols as a consequence of the entry even though
two of the three incurred significant reductions in et
wenpage.  This resubt again emphusizes the precaious

L}

statuy of the Kegion 5 processing planis,

Our analysiz in this sudy has focused an variable
costs for wmate processing plants, and, lacking detailed
infariation  on the cepitel costs of consbracting
processiag facilisies in Ripperdan or Dunnigen, 2 &
beyond o seope o offor & specHic recomumandation
25 10 the overll profiability of sxth an lmvestment
Both hypothetiosl plams, howesver, gemeraie hugh
variabie profiss relative 1o existng plants in marthern
and ceatral Califtrsia. The Ripgerdan plarg poneransd
the fifth Bighest variable profits among 35 plants & die
anatysis for the simnintinn bhased on 1990 production
and prices.  The Duntgan plant genersied the ninth
highest variable pmfits in its simulaton. Thus, it is
evident that processing facilities that {a) locate near
surplus prodhacing regions and {(B) aperste at a large
sczle 1o capmure Availabls economies in precessing, us
did the Bypobezies! plants in these simmslations, sre
czpable of performag shove the mdusiry norm,

These resulis refse iteresting questions regarding the
dynamis svolufion of the industry, The shik =
production {0 the conivel valley has creared Incations]
advamapes for processos e this arez and, as we beve
doonmensied, snew processing facibities have been
focated especiaily in the Fresno region. Yei the
analysis in this chapter suggests that additional
processing capacity in preduction nieh Fresno and Yoln
Coundies would apparemily be profitable. 'Why have
markel Fordes n this indoerry been slow 1w respond 10
these incentives? The snswer lics penly in Brasds
Freach, and Josse's comuwention that i the short
neurrg long distare heuls fo oxiting prouesning
facHitios iz cheaper then bailding now processing
capaciy.

For exampie, capial costs for the proiotype pasie
peocessing  facility described i Chapler 4 wers
estimated o be abont $3d million snrmaBly for a
processing capacity of 130,000 tons.  Depreciation
and interest {eakoulated ar 10%) on this invesoaent are
aboui $2,665.000 ansmally, In order for a processor o
refize uet Cosf savings from relocating, ithe net
reduction in sverspe heoling distsrce wouk) have o be
&t Isast 7R rwilss, Based on i hanisge chacges ueed
ie this smdy.¥ From the 1989 average hanls repomed
in Tale 310, it b spparent hat N0 provessons
canavt schitve hanlage reductions of mis magnitade ™

This logic &os not apply to new enxantz, These
firms, onbandensd by Investments in sonk processing
capzcity, have inoentive, eeferis paribus, to chiose a
provessing  iocation that minimizes hanlage costs,
However, it is also plausible that these firms face entry
bartiers inty some segrments of tomate processing
lrrongh the exiensive investments incumbents bave



Table 6.5, 1998 Opihmai Temate AHocations from Producing Countles 1o Processing Reglans: Rase Model
wad New Plant Solitions (continges)

Coonty Processing Base 1999 New Ripperdan New Dnripan

Reglon Solation Plant Plant
Skipments in 000 tons

{oinss : 204 Rk 244
2 426 434 215
3 3a 3

Conla 2 & Z

Costa 3 o3 &3 1493
5 37 91 &
é 5 1

Fresno 2 2
3 7k 1 ¥ i8R
4 652 545 686
5 423 K 2 417
& 1535 1182 153%

Mersad 3 i3 i3 iR
4 1 & K31
5 43 41 42
4 215 210 178

Mimterey 5 B 80 73
5 3 HY

Sacramente 2 136 128 136
4 i

Ban Beoitn 3 sl 127 130
& e i2 Y

Sas Joaguin 2 & ) £
3 347 37 2
4 21 258 164
6 P 12 23

Basta Clars 5 Bt 3 T3
& 3

Bedano 2 &5 33 57
3 421 45 393
5 i4 2

Banisiaus 3 123 @2 HP
F; 125 126 140
6 35 83 39
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Tabie £.5. (confinued}

County Processing Base 1990 New Rlpperdan New Duntigan
Regton Salation Pland Plani
Shipments in 60§ {ons
Supgy i 268 288 2%
2 44 5¢ 57
3 153 142 R
3 )
Yoly 1 14
2 inz 54 1222
3 421 A Mg
5 130 12 6?7
Reg. Totat H 453 448 15t
z 1814 1704 1332
3 199G 1893 1897
4 18 Bz 1325
5 948 214 912
6 1878 pRE] 1843
made inte  product differendation and  brand  have been built,  Five of the plants wers built by new

devilapment for varous diversified tomato products.
Barriers to entry for genenic, bulk puster are, eonverseiy,
oW,

This gnglysie compans alnsely with moest gxperience
inthe indusizy,  Since 198%, six procsssing plans
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entrants. All five of the plants were located in or near
Fresmn County,  Feur of the fve manufacmred tulk
paste, with the fifth mannfacterizg bk dversifiad
praducss piimarily for the bnstitutonal merkes,



7. SUMMARY AND CONCLUSIONS

This study has developed and applied a nonlinear
macthematical programming model to detenmine the
oplimal allocation of processing tomatoes from the 13
largest producing counfies in northern and central
California 1o the 32 processing facilities located in the
area. This optimization framework represents an
alternative approach to analysis of this important
California industry relalive to previous econometric
studies conducted by Chern and Just (1978) and Brandt
and French {1981),

The mathematical model of the industry incorporates
costs of hauling tomatoes from field to processing
facilities and distinguishes between plants that process
only bulk paste products and those that process
diversified products including sances, puree, juice, and
whole tomatocs. The study is also the first w
incorporate explicitly tomatoes’ soluble solids content
into the analysis. The market information needed to
implement the mode! are localions, volume, and soluble
solids conlient of tomato produclion by county; the
location, type, and capacity of processing plants; selling
prices for bulk paste and diversified tomato products;
variable cost functions for paste and diversified-
pmoducts  processing; and ransponation costs far
allecalng tomatoes from field 1o plant.  The
mathematical program was set forth in detail in Ch. 4.

A primary goal of the study was to evaluate the
efficiency of the allocation of omatoes from farms to
processing plants in northern and central California.
Several facters were noled that coutribute to long field-
to-plant hauls in the California tomato indusuy. Due
10 urbanization, production has shifted from areas along
the California central coast to the Central Valley.
Thus, several plants, lacking a base of localized
producton, must incur long hauls to siay in business.
In addition, production peaks at different times in
different producing regions. As summarized in Table
5.2, early-season production is concentraled in Fresno
County with Yole County becoming the largest
producer during the middle of the 20 or so week
harvest seasen. Tomato processing is characterized by
substantial economies to size of operation, so
processors have incentives to extend their processing
season as long as possible. Given the seasonal harvest
pattern, meeting this objective ofien compels long-
distance hauls. We also noled in chaper 3 that the
uniform {as opposed to FOB) pricing structure
employed by the indusmy facilitates interregional
competition among processors and, hence, additional
haulage.
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These factors were all incorporated into the
opuimization model which was solved using the
GAMS/MINOS algorithm for 1989 industry values snd
comparcd to the estimated actual tomato allocation for
1989 The derived optimal solution was shown in
chapter 5 to deviate from the estimated actual solution
in 2 number of important respects. In particular, as
many industry observers have suspected, the actual
allocation involved more interregional cross hauling of
tomatoes than did the optimal solution. The average
one-way haul under the optimal allocation was 36.7
miles vs. 66.6 miles for the estimated actual allocation.
The longest hauls under either solutien, ofien in excess
of 100 miles, were incurred by coastal processors in
Repion 5, with San Joaquin processors also ofien
incurring average hauls of near 100 miles. The loss 10
the industry from misallocation of tomatoes was
estimated 10 be about $23 million or 1.9% of gross
profits.

The nonlinear optimizalion model reats productiou
volumes and plant capacities in the base year as
conseraints, thereby enabling shadow prices to be
generated that estimate the contribution to industry
variable profit from expanding production by county
and/or processing capacity. The results of this analysis
indicated that the most valnable early-season tomato
production occurs in San Joaquin Connty, with Santa
Clara County produclion being most valuable in middle
weeks. Yolo and San Joaquin production assume
premium value in laler weeks of the processing season.

Not surprisingly the most valuable processing
capacity was found in Regions 2 and 6, reflecting those
arcas status as surplus production regions due to the
bountiful harvests in Yeolo and Fresno Counties,
respectively.  Simulations of new plant entry in
Northern Yolo and Fresno Counties conducted in
chapter & suggesied that, if large-scale capacity plants
were located in ejther srea, they would be among the
most profitable in northern and central California. The
primary loses of tonnage in either case were projected
to be processors localed in Region 5.

In general, the results of the vardous simulation
analyses reveal an industry where processors’ and
producers’ fates are closely linked thrgugh interregional
compelition despite their being separated in many cases
by long distances and high transporiation costs.
Among the 13 major producing countes, eight were
estimared to ship tomatoes into five or more of the six
processing regions. Although the simulaled new plants
were located at the northern and southemn ends of the



producing range, either new plan: affected production
allocated to processors throughout the six processing
regions. As noled also in the Durham and Sexton
(1992) study, this type of interregicnal competition
AMOng processors to procure tomato production
contracts apparently causes this market to be more
competitive than would be predicted from the prototype
spatial theory with FOB pricing and nonoverlapping
markets.

Although transportation costs comprise a significant
share of tomate marketing cosls and modest departures
from efficiency were found, it is worth closing with
the observation that haulage distances have declined

considerably from the 100 miles estimated for 1973 by
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Brandt, French, and Jesse (1978). These aunthors’
forecast of even longer shipment distances has not
materialized. The decline in haulage distances and
costs reflects in our view the important structural
dimensions of the market. Firms compete to procure
raw tomatoes, and entry into the bulk paste sepment of
the indusiry is relatively unimpeded. Entrants have
incentive to locate in surplus production areas, as the
proliferation of processing facilities in the Fresno
County area illustrates. The new plant simulations
conducted here suggest that further restructuring of
plant locations and attendant decreases in hauling costs
are likely to occur.



ENDNOTES

10.

1.

12,

13.

Durham and Sexton (1992) investigaled oligapsony power in the California tomato industry using some of
the dala employed in the present smdy. They concluded, in contrast to Chern and Just, that potential for
oligopsony in the industry was limited in largz part due to interregional competition among processors,

Processing tomatoes may be grown from seed or from wransplants. Improvements in weed control may be
responsible for increased direct seeding in recent years since weeds compete with young plants. This
situation may change if chemical use is restricted,

Public Law 78, popularly known as the Bracero program, provided for easy mipration of harvest farm labor
from Mexico. Within four years of the law's termination in 1964, the mechanical harvester’s adoption rate
reached 92%. By 1970 harvester adoption was 100%.

Uniform pricing in a spatial context means that prices are consiant with respect to the disiance the product
is shipped. Price premiums for soluble solids content and early- or late-season deliveries may be part of a
uniform price schedule.

Each of the factors cited in this paragraph represents a departure from the prototrype model of spatial
competition discussed in Greenhut, Norman, and Hung and elsewhere.

Most studies of spatial pricing focus on the selling side of the market. Capozza and Van Order (1978)
discuss the FOB pricing case, while Gronberg and Meyer (1981} study the uniform pricing case. Sextwn
(1990} extends the analysis to the input buying side of the markat.

Identical firm's have identical mill prices and therefore split the market in half.
Caleulation assumes that growers in the disputed arca arc sharcd equally between the two processors,
In chapier 6 we consider potential locations for new processing planls.

Kern and Imperial Counties located in Seuthern California are, respectively, the 8th and 12th largest
processing tomato producers in California. They were excluded from this study because their production is
allocated almost exclusively to plants located in the southern half of the state, who did not agree to
participale in the study.

This analysis treats the timing of harvests in a county as given. As noted in Chapter 2, processors ofien pay
premivms for early- and late-season harvests. These preminns can be used to somewhat affact the harvest
pattern, a factor not modeled here. Ome ourput from our analysis, however, is a set of shadow prices that
illustrate the comparative value of early- and late-season harvests. These shadow prices may provide input
into pricing decisions.

F(z,,) gives the proportion of the area under the normal curve from -o= to z.

In principle, this procednre could be used to create several classifications of womatocs based on solids
content. The cost in terms of programming complexity is large, however. For example, increasing (he solids
classifications from 2 to 4 would add 2*13{counties}=26 constraints for each of 20 weeks or 520 constraints
to the model. Similarly, the model could incorporate the mean high and low solids levels for each county
and/or week but only at the expense of significanily greater complexity,

56



14.

15.

16.

17,

18.

19.

20.

21,

22.

23

24.

25,

26.

27.

These values over simplify the relationship between solids content and raw-to-processed-product conversion
rales, Conversion rates depend on non-soluble solids as well as soluble solids. Tetal solids are more
difficutt to west for than soluble solids and Lthus soluble rather than totat solids are reported at inspection, and
are thus necessarily Lhe basis for estimating conversion rales in this study.

Produetion locations were based on maps provided by the California Agricultural Statistics Service for the
1989 crop as reported by the County Agricultral Commissioners.

Labor costs in Logan's model include differential pay for overtime and require labor payments of at least
one full shift 5-day week. Shift labor is then allowed 1o increase in 4 hour increments up to 24 hours per
day. Line labor also has a & hovr daily minimum but overlime labor on weekends can be reduced to
necessary hours, Clean-up costs also depend on days of operation and number of shifts, Clean-up cosls are
incurred whenever a line is shut down, either each day of operation, if the plant cperates less Lhan three
shifis, or weekly if Lhe plant operates less than 7 days.

Costs of evaporator clean up and boiler slart up from shutting down and starting back up are high, making
¢oniinuous operation the preferred allernative.

Casts of canning line operation are gquite similar for most canned tomato products, so moderate differences
in product mix among processors are uulikely to have a significant impact on per-unit processing costs.

A linear version of the optimization mode! was formulated and solved 1o provide slarling values for the
nonlinear program,

This outcome is not surprising because simple profit maximization motives are what drive processors to
operate in consecutive weeks, Thus, except for abnormal weekly harvests due, for example, lo weather
problems, the consecutive weeks operation constraint would be expecied to be siack in a well-specified
model.

Ezach load of tomatoes listed in tables 4.1 and 4.2 converts into approximately 25.6 tons of raw tomatoes.
Note that this conclusion takes the location and magnitude of processing capacity in the indusery as given.

Five firms have joined the California processing tomato industry since 1988, though one has since sold its
plant to an existing processor. Each of Lhe plants Lhey built were either in Fresno county or an adjoining
county.

Concentration in remil tomato products is quite high for all products except whole tomatoes. Four-firm
concentration ratios for relail sales of catsup, concentrated Lomato products, and spagheiti sauces are in Lhe
75% range or higher. Concentration ratios this high are considered to be indicative of the ability to achieve
supra competitive returms.

If all processed tomato products were nanufactured and sold competitively, the net marginal retums to each
product form would be equated in long-run equilibdum. This condivon would be generated through
competitive arbitrage. Raw tomatoes would flow from low-valuc uses into high-value uses until the marginal
returms were equated across nses.

In 1989 January bulk paste prices reached 55 cents a pound, about 45% higher than the average over the
previous 3 years. Relalive to the same period canned prices had increased between 20-25% far whole
tomatoes, 7% for puree, and about 3 % for spaghetti sauce, Prices remained high throughout 1989 declining
slowly in 1990. In 1992 paste prices dropped as low as 27 cents a pound.

The locations of the six processing regions is illustrated in Figure 4.2, and counties’ and firms’ regional
affilislion is provided in table 4.3.
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28.

25,

30,

31

32

33.

34,

35,

36,

.

g,

39,

41.

A caveat to this conclusion is the model’s failure to account explicitly for risks of crop failure in specific
prowing areas. For this reason processors may have incentive to spread their contracts across a broad
geographic area to !imit exposure to this type of risk.

Model B which constrains regions to receive the same allocalions received in Model A but allows them to
source from the most efficient location yields nearly the same mileage savings observed in the oplimal
model.

For example, a one ton expansion of production may not be valuable if it must be processed in a plant with
substantial excess capacity. However, an expansion sufficient to enable the plant to utilize fully its capacity
may be much moare valuable.

Note that raw product costs are not deducted. Rather, the shadow prices represent the total value available
to the combined producing and processing sector of the industry after incurring variable costs for hauling
and processing.

In 1989 five processors offered no premium for solids, five offered an extra dollar per ton for each additional
tenth of a percent of solids, and the remaining firms offered somerhing in between.

While not all processors contract for late season tomatoes, those that do generally begin with a $5/ton
premium in mid-September and raise it to $8 or $10 a week or two later. Some processors offer a $12-15
premium by the second week in October.

Note that our information on the actual 1989 crop allocation included shipments by region and not by
individua! plants, so it is not possible to compare results for individual plants under the optimal allocation
with what occurred under the acrual allocation.

The discussion of tomato processing technology in chapter 4 indicated that diversified-products plants have
greater flexibility to downsize their operations (through reducing lines and shifts in operation) than do paste
plants. The tendency of the diversified products plants to operate during the early and late season harvests
while the paste plants operaie only during the peak harvest is a function of both relative profitability and the
diversified-products plants’ superior flexibility.

Decreasing diversified products rerurmns 1o equal paste retuns results in a very similar allocation.

The season 4 and 5 aliocations are unchanged from the BMS because the six paste plants do not operate
during this period under either model. The only changes in season | are that Fresno County production is
mainly processed locally in Regions 4 and 6 vs. being shipped into Regions 3 and 5 under the BMS.

1991 production increased even further to ncarly 10 million tons and then, due ta sharply falling prices, fell
off precipitously in 1992 and 1993. Thus, we view 1990 production levels as more reflective of rypical
"equilibrivin" values than production in 1991-1993,

Two paste planis were added in the Region 6 area. One plant located in Helm has a weekly capacity of
aboyt 20,000 tons; the other, located near Los Banos, has a weekly capacity of approximately 44,000 tons.

Durhamn and Sexton {1992) reached a similar conclusion in a study of polential oligopsony power in the
California processing industry. Ewven though only a few processors operate in most regions of the state,
statistical results indicated that polential inierregional competition limited processors’ opportunities to
exercise oligopsony power in their local markets.

This figure comports reasonably with $21 million in fixed assets reponed for a 300,000 ton capacity paste
manufacwrer by Bumett {1%89).
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42,

43,

The savings from reduced haulage is the one-way haul reduction, M, times $0.10 per ton-mile times 150,000
tons. To solve for the breakeven M, set the haulage savings equal Lo the $2,665,000 annual capilal cost of
a new plans,

Other adjustment costs in addifon to new plant construction also would be incurred, including cosis of
restaffing a new facility and securing production contracts from a new group of growers.

On the other hand, possible risk-reduction incentives from spreading tomato procurcment across a broad
geographic area were not incorporzated into the model.
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