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SUMMARY

This swdy develops and applies a nonlinear
mathematical programming model to detcrmine the
optimal allocation of processing tomatoes from the 13
largest producing counties in northern and central
California to the 32 processing facilities located in the
area. 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 and those that process
diversified products including sauces, puree, juice, and
whole tomatoes. The study is also the first w0
incorporate explicitly tomatoes’ soluble solids content
into the analysis.

A primary goal of the study is to evaluate the
efficiency of the allocation of tomatoes from farms to
processing plants. Several factors have contributed to
long field-to-plant hauls in the California tomato
industry.  Urbanization has shifted the primary
locations of production from the central coast to the
central valley. Several coastal processing plants now
lack a base of localized production. In addition,

production peaks at different times in different
producing regions, so processors wishing to extend
their processing season must incur long distance hanls,
The industry’s uniform (as opposced to FOB) pricing
structure also encourages long-distance hauls,

Results of the analysis reveal modest departures
from efficiency in the prevailing tomato allocation
pattern. The average one-way haul under the aptimal
allocation was 56.7 miles vs. 66.6 miles for the
estimated actual allocation, with a resulting icss o the
industry of $22 million or 1.9% of gross profits for
1989. Simulation of entry of new processing plants in
Fresno and Yolo counties suggests that new large-scale
capacity plants in these locations would be among the
most profitable tomato processing plants in nerthern
and central California. In general, the simulation
results reveal an industry where processors’ and
producers’ fates are closely linked through interregional
competition despite their being separated in many cases
by long distances and high transportation costs.
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1. INTRODUCTION

Processing tomatoes are an important and growing
agriculwral industry in Califomnia, but the indusiry is in
4 considerable state of flux. As we shall document in
this study, the industry is undergeing continuous
change in the geographic locations and sizes of tomato-
producing farms. In tumn, these changes are affecting
the dynamics of the processing industry. Processing
firms located in the highly urbanized San Francisco
Bay Area counties now lack a significant base of
localized production to draw upon. These processors
must often source tomatoes from 100 or more miles
away. Meanwhile new processing facilities have been
located, most notably in Fresno County, in proximity to
the largest concentrations of tomato production,

This geographic evolution of the industry is a
dominant force affecting competitive relations among
processors and between processors and growers. In the
shert run, nonalignment of producing areas and
processing locations has caused tomatoes to be hauled
long distances and haulage costs to represent a major
expense to the industry. It has also stimulated
considerable  interregional competition among
processors to procure tomatees. Over the longer run
the industry is responding to the geographic evelution
of tomato production by gradually shifting plant
locations, through the entry and exit process, to better
align plant locations with the available production.

We estimate that the average one-way haul for
California processing tomatoes remains in excess of 65
miles. Although this figure represents a long and
expensive haul, it is 2 considerable reduction from the
100 mile haul estimated by Brandt, French, and Jesse
(1978) for 1973. Nonetheless, the perception remains
among industry participants that tomatoes are allocated
incfficiently across processing firms and that reduced
haulage and improved industry performance could be
attained if a befter grower-to-processor allocation of
tomatoes were achieved,

This study analyzes the allocation of processing
tomatoes in northern and central California and asscsses
the efficiency of the prevailing allocation pattern. We
develop a nonlinear optimization model to determine
the optimal allocation of tomatoes from the 13 largest
producing counties in northern and central California to
the available processing facilities in this region. With
information obtained from the California Processing
Tomato Advisory Board on the actual aliocation of
tornatoes, we are able to compare the actal zllocation
with the estimated efficient allocation and estimate

losses to the industry from inefficient allocation of
IOIMAtoes acress processing firms.

This study represents the first comprehensive
analysis of the California tomato industry since the mid
1970s. Brandt, French, and Jesse (1978} and Brandt
and French (1978) described demand and supply
conditions in the industry through 1976 and developed
an econometric model of the industry 10 evaluate
econemic impacts of mechanical tomato harvesting and
develop projections for industry growth from 1980-90.
Chemn and Just (1978), also decveloped econernetric
models of the industry using both aggregate anaual
time series data from 1951-1975 for the 10 largest
producing counties and by pooling county-level and
time-series data, This study also to evaluated the
impact of the tomato harvester.  Among the
conclusions was that observed market responses to the
harvester were consistent with an oligopsony market
structure in procurement of raw tomatoes.’

The antecedent to these studies and the first
comprehensive analysis of the California processing
tomato industry was analysis of grower-processor
integraticn conducted by Collins, Mueller, and Birch
(1959). This study provided the first in-depth analysis
of the grower-processors contracts that prevail to this
day in the mdustry.

The present study is distinguished from its
predecessors in underiaking an optimization rather than
an econometric framework and focusing specifically on
the subject of optimal grower-to-processor allocation of
tomatoes and transportation efficiency. Chapter 2
provides an updated description of the processing
tomato industry, including consumption and trade, farm
supply, processing, and marketing arrangements.
Chapter 3 develops some conceptual points concerning
pricing and transportation in a spatial market. In
particular, it is shown that the uniform pricing system
employed by the indusiry is certain to lead to
inefficient transportation relative to an FOB pricing
system.

Chapter 4 sets forth the optimization model and
describes data sources used to parameterize the model,
The main analytical results are provided in chapter 5,
where optimal ws. actual tomato allocations are
presented and compared. Chapter & extends the maodel
to look at a long-run equilibrium formulation and
to simulate the entry of new processing plants. Finally,
chapter 7 offers concluding comments,



2. THE CALIFORNIA PROCESSING TOMATO MARKET

Tomatoes are the second highest valued vegetable crop
in the 1.5, ranking only behind potatoes. In 1991
California produced 9.89 million tons of processing
tomatoes, over 90 percent of the total U.S crop.
Processing lomatoes are an integral component of
California’s agricultural economy. The 1991 crop
generated $640.1 million, making processing tomatoes
the State’s highest valued vegetable crop and eighth
highest value agricultural product overall.

Production of processing tomatoes has increased
rapidly in California in recent years as Figure 2.1
documents, The 1989 harvest of B.6 million tons
shatiered the 1975 record harvest of 7.3 million tons.
Production continued to rise until 1991, Production was
reduced to 7.9 million tons in 1992, as & consequence
of the decline in finished product prices, This chapter
describes various dimensions of this important
California industry, including consumption and trade,
farm supply, the processing sector, and marketing and
transportation arrangements.

Consumption and Trade

Processed tomato products form a major part of U.S.
vegetable intake, ranking first among fruits and
vegetables in contributions to the diet. Per capita
consumnption of processed tomato products in the U.S.
rose from about 62.1 1bs. farm weight in 1970 to 70.3
Ibs. in 1990, partly as a result of the increased demand
for Italian and Mexican food products.

The increase in value-added products, such as Italian
sauces and Mexican foods, produced either for home
use or for the food service industry, have altered the
composition of preduction. Bulk paste is now sold
commonly as an ingredient to other food
manufacturers. Some processors purchase tomatoes
from growers and manufacture and sell processed
goods such as pasta products. Consumer preferences in
breakfast beverages have brought about a decrease in
tomasc juice production as consumers have shifted to
orange juice.

Factors influencing the demand for tomatoes inelude
rising consumer incomes, which generally diminish the
demand for canned vegetables while increasing the
demand for fresh produce, Demand for convenience
foeds and food service has increased as household
composition has changed. Tomatoes form an important
ingredient in the fast food and restaurant indunstries.

World demand for tomato products is also rising,
although per capita consumption rates differ widely
across countrics, For 1988-90 the U.S, was the largest

per capita consumer followed by I[taly, Greece, and
Canada, Countries that presently consume litile
processed tomato products include Japan and the UK
(8.8 and 18.5 lbs. farm weight per capita, respectively).

Table 2.1 summarizes U.S. import and export
volumes for processed tomato products for 1970-51.
The U.S. has traditionally been a net importer of bath
tomate paste and sauce. However, the U.S. expon
volume of these commodities began to increase rapidly
in 1989 coinciding with the series of record California
harvests. In 1991 The U.S. was a net exporter of paste
for the first time. Sauce has also moved strongly into
the net export category after having been a net import
prior to 1988,

Sullivan (1992) cites strong demand fer tomato
products among newly industrialized countries in Latin
America, the Caribbean, and Asia. U.S. exports,
however, have continued to target traditional markets
in Canada and Japan, leaving Chile to serve the
emerging markets. Paste exports to Canada in 1991
totalled 62.1 million Ibs., 64% of total U.S. paste
exports. Japan was the second largest paste importer
with 16.4 million lbs. Canada also accounted for 64%
of U.S. tomato sauce imports-—-50.5 million lbs, while
Japan imported 9.3 million lbs, during 1991.

The U.S. has maditionally impotted the greatest
amount of tomato products from the European
Community. In 1984-85, 51.3% of U.S. tomato paste
imports were from the EC. Israel was second in paste
imports at 17.3%, with Mexico third at 13.0%. The
import situation bas shifted dramatically in the past
several years, however, due to establishment of
production quotas on subsidized European Community
production and imposition of higher tariffs (from 13.6
to 100% of value) on imports from the EC to the
United States beginning in 1988 in retaliation for the
EC’s ban on hormone-fed meat products. As a result
paste imports from the BC have essentially disappeared
and Mexico is now the dominant exporter of paste to
the U.5., shipping 39.3 million lbs. in 1991.

Mexico's processing tomato industry is concentrated
in the Sinaloa region, where & of 10 Mexican
processing firms are located. Thke current industry
processing capacity in Mexico is 500,000 metric tons
per year (U.5. Department of Agriculture 1592).
Investment in processing capacity in Mexico s
expected to increase partly due to new Mexican laws
that will facilitate investment by U.S. firms.

Mexican yields are only half as high as in
California. This factor coupled with high shipping
costs and a tariff of 13.6 percent have to date offset



Figure 2.1. California’s Processing Tomato Production and Value: 1960-1992
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Mexico’s comparatively lower processing costs. 2.2 Farm Supply

However, tariffs are scheduled to be phased out under
the North American Free Trade Agreement (NAFTA),
auguring a significant increase in Mexico's
competitiveness for U.S. processing tomato sales,

The final outcome of the GATT negotiations may
have little effect on Eurcpean exports to the U.S., since
new foreign producers have begun shipping to the U.S,
market at low cost. Fer example, Chile has emerged as
a force on the intemational tomato products market
with a 24.2% share of U.S. paste imports, Israel is
now third at 6.2%. Tomato production is also
emerging in a number of other locations including
Eastern Europe (Bulgaria, Hungary, and Yugoslavia),
Asia (India and Taiwan) and South America (Argentina
and Brazil). Many of these nations have the soil and
climatic conditions necessary for increasing production.
However, infrastructure to support efficient and
competitive production appears to be a major factor
limiting expansion of production in some cases. In
addition, high U.S. production levels in the 1990s have
reduced world paste prices and, thus, incentives to
expand production.

As of 1993 there were 486 growers of processing
tomatoes in California. The average grower plants
around 500 acres of tomatoes annually. The historic
peak in harvested acreage for California processing
tomatoes was in 1975 at nearly 300,000, In years
between 1975 and 1989, harvested acreage remained
below 250,000 acres with the exception of a harvest of
278,000 acres in 1977. However, acreage began (o
boom in 1989 with 276,50( acres and then increased to
a new record high of 312,000 acres in 1991. Low
prices inspired by three successive large crops
prompted a2 sharp reduction in contracted acreage to
only 240,000 acres in 1992,

Yiclds have also increased. From 1986-91 yield was
stable in the 29-32 tons per acre range. By comparison
vield in the 1970 ranged from 22-25 tons per acre,
Significant improvements in yield and solids content
have come with new tomato varieties and improved
pest and weed control.

Most tomato growers produce crops in addition to
tomatoes.  Rotation with other crops maintains
productivity of individual fields. Wheat and sugar



Table 2.1, U.S. Imports and Exports of Tomato Products: 1970-1991

Tomato Imports (000 1bs.} Tomato Exports (000 1bs.)
Year Paste" Sauce® Whole Pulp  Paste Sauce Tuice Catsup Other*
& &
Puree Chili
1970 91,382 128,534 9,994 4,501 13,427 6,967 19,146
1971 97,570 108,557 6,301 3,467 12,345 7.109 17,381
1972 126,241 158,630 8,161 7,246 13,452 7,534 19,923
1973 118,915 101,144 36,922 %,552 21,429 9,941 24.69%
1974 45218 66,051 48,333 6,419 20,263 10,838 26,651
1975 26,381 68,914 22,176 6,142 32,823 15,014 30,143
1976 55,237 74,160 24012 3,816 46,982 15,864 234621
1977 65,198 72,005 28,597 6,117 41,684 14714 28,295

1978 50,991 7,116 74,165 4,217 26,649 5,139 30,861 18,303 28,195
1979 42,055 2,794 45,567 2,881 38,333 7,395 25,060 18,078 41,685
1980 25,466 1,651 39,881 3,673 25404 6,421 32,512 23,852 34,952
1981 65,202 9,116 97,230 2,088 24,554 5,014 34,963 27,754 32,194
1982 198,029 21,824 167,018 1,301 22,556 6,315 29,284  27.580 19,987

1983 160,742 23,626 186,709 875 23,964 6,701 18,552 23,455 14,002
1984 151,045 28,000 233,567 761 21,203 5,865 14,032 20,362 11,953
1985 111,400 33,588 220,028 1,388 15,691 4,723 11,984 18,082 15,939
1986 130,625 197,559 197,539 811 17234 6,187 15,000 18,902 13,902

1987 101,247 178,587 178,587 2,506 20,440 6,479 13,272 23,450 8,040
1988 107,655 175,528 175,528 4,752 26,618 18,662 18,869 26,447 11,842
1989 228400 111,590 111,590 1,233 30,302 58,781 12,818 25782 9,124
1990 136913 137,292 137,292 6,988 84724 53,883 16,524 35,197 14,189
1991 94,954 1148340 114,840 8,700 67,257 79,145 6,300 35,200 17,600

* Includes sauce prior to 1978.
* Tomato-based sauces contining additional seasonings not included prior to 1989,
* Products not classified etsewhere.

Source: Vegetabies and Specialties: Situation and Outlook Yearbook, U.S. Department of Agriculture, Economic Research
Service, Dec. 1991,



beets are commeonly rotated with tomatoes, However,
the specific erop used in rotation varies by area of the
state. Depending upon the market and local producing
conditions, the same field may be planted in tomatocs
for consecutive years.

Historically tomato production was quite widespread
in California 2s shown in Figure 2.2, which depicts
tomate acreage in the mid 19405, The darkest-shaded
counties represent the greatest number of acres. During
the 1940s over 3000 growers produced on average 32
acres of tomaroes for either the fresh or processing
markets. The location of production has changed
considerably since that time as comparison of Figure
2.2 with Figure 2.3, which depicis acreage levels in
the late 1980s, illustrates. Urban expansion has been
the primary factor in eliminating processing tomato
acreage in Los Angeles, San Mateo, San Diepo, and
Alameda Counties and reduced it more than 50% in
counties such as Sacramento and Santa Clara. Fresno
County is now the top producer in the state after
having no acres reported in 1960. The rise of
production in arid counties such as Fresno is primarily
a result of extended irrigation and drainage projacts,

Along the California- Arizona border in the Imperial
Valley, it is possible to bharvest tomatoes almost
continually from mid-May to mid-November, although
in recent years harvests have ended by July. In general
the harvest season lasts 19 weeks with the major part
of production occurring between July and September
(Moulton and Pradham 1988).

Climate patterns actually allow harvest to begin in
the Northern most producing county, Colusa, nearly as
early as in Fresno County, over 150 miles to the south.
Coastal counties such as Monterey, San Benito, and
Santa Clara begin production several weeks later, Late
production in ail areas is vulnerable to weather
problems. Oceasicnally unseasonable rains affect peak
harvest periods as well. In 1976, for example, nearly
34,000 zcres were lost as a result of rain in Angust and
September. Figurc 2.4 depicts the weekly harvest
pattern for the various tomato preducing regions in
California.

Average time from emergence to harvest is 125
days, but emergence and the percentage of mature (ripe
but not overly ripe) fruit at harvest are strongly effected
by planting date. Sims et al. {1979 found that
tomatoes planted on March 4 tock 25 days to emerge
for a July 31 harvest date with 85% maturity.? Peak
maturity of 93% occurred with a May 12 planting date,
Q day emergence, and harvest on September 23.

Since the adoption of the mechanical harvester in
the 1960s, there have been only minor changes in

production technology. The harvester has enabled
larger-scale farming and contributed to alleviating the
labor shortages created by the end of the Bracero
program®, Labor requirements changed from field
laborers to sorter laborers, who sit upon the harvester
and remove sun-scalded, wormy, and moldy fruit as it
passes by them on a conveyor belt.  Electronic sorters
remove green fruit and dirt (Sims et al. 1979).

Processing tomatoes are grown with specific
characteristics for different end uses. Tomatoes with a
high solids content produce more output of products
which are defined by their solids content including
paste, catsup, and sauces. Some varieties provide
greater flow consistency which is important in some
products including catsup and spagheiti sasces. These
varieties can be blended with high solids varieties to
provide the proper mix. Varieties with uniformity in
size and color are especially important for whole and
diced products.

California tomatoes are inspected prior to delivery
at inspection stations overseen by the Processing
Tomato Advisery Board, 2 joint board of growers and
processors. Two samples from each load of tomatoes
are inspected for defects such as sun sgalding, under-
or over-ripeness, mold, worms, material other than
tomatces, efe., and tested for soluble solids content and
color. Excesses in the defect category permit rejection,
but typically defects are at a low level, and payment is
simply reduced by the percentage of defects over an
allowable percentage (0 to 5% depending on type of
defect). These penalties provide incentives for the
grower to maintain reasonable standards at the field
sorting ievel. Soluble solids content premiums are paid
by many processors.  These premiums provide
incentives for choosing high-solids content tomato
varieties and discourage late applications of water
which would raise the weight or yield per acre without
providing commensurate additional solids.

Information on the characteristics of a load can be
used by multiplant processors to determine the best
processing site for it, A lost with high soluble solids
may for instance be delivered to a plant primarily or
wholly devoted to paste manufacture.  Altemnatively,
at the plant level the information may be used to help
determine which product line the incoming load of
tomatoes will be sent to, In plants that process diverse
products--whele tomatoes, sauces, puree, paste, etc.--the
tomatoes with a better appearance are usually divened
to whole tomato lines, while tomatoes with high solids
content are preferred for use in paste and sauce
products.
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Figure 2.4 Seasonal Variation in California Processing Tomato Production by Region for 1989
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2.3. The Tomatoe Processing Technology

In 1989 24 tomato product canning and paste firms
operated 37 plants for processing tomatoes in
Californiz, as compared to 57 firms aperating in 1955,
Since 1989 five plants have opened and six plants have
close d. In addition, there are a few firms which use
only a few tons of tomatoes annually, incliding fruit
and vegetable dryers and freezers and a liquor
manufacturer.

Figure 2.5 depicts the location and various sizes of
plants in California. An X, L, M, and § in the figure
represent a plant processing over 500,000 raw tons
annually, from 360,000 to 500,000 tons, from 210,000
to 350,000 tons, and from 60,000 to 200,000 tons,
tespectively.

The largest single processed product by volume of
input, as well as finished product, is tomato paste.
This categery includes bulk production to be sold to
other food manufactarers, Owver 10 million tons of
paste are now produced annually in the US,

representing a doubling of production over the past 20
years. For each year since 1985 between 50-60% of
the California processing tomato crop has been
packaged as bulk paste. Four of the five new plants
built since 1989 process only bulk paste or other bulk
products. Bulk processing capacity was also added by
diversified-products processors.

Varicus sauces including puree, pround tomatoes,
chile and pizza are the next largest category for direct
processing, followed by whole pecled tomatoes. While
each of these products are manufactured in Califomnia,
Midwestern U.S. production has been oriented towards
less concentrated products such as whole canned
tomatoes and tomato juice. Midwestern disadvantages
in production costs are outweighed by lower transport
costs to Eastern markets for the less highly
concentrated products (Brandt 1977).

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



products. The first groups of sorters may remove
"absolute waste” and totally unusable tomatoes,
followed by a group that trims defects.

In diversified-products plants completely sound
tomatoes are put into the peeling line, and other fruit is
left on the pulping line. The fruit selected for whole
products 1s peeled using either a steam or chemical
process and diverted to alternative canning lines. Here
cans are filled, syrup is added, and the cans are sealed.
Canned items are then cooked and the seams ate
inspected. Cans are air ar water cooled at this point
and are then stacked on pallets and prepared for
transportation to the warehouse.

Tomatoes to be processed into pulp or paste
products are first chopped and then heated. MNext the
tomato pulp is pumped to a holding tank from which it
is fed into a set of first stage evaporators that remove
water from the pulp. The product is then fed through
"finishers" that extract seeds and skins. Tomato juice
is then separated from the concentrate and diverted to
holding tanks from which it is subjected to an
additional, low-temperature evaporation process. Puree
is also pumped to a separate evaporation process, The
paste concentrate is diverted to a holding tank from
whicl: it is sterilized and flash cooled.

In a plant that processes only paste, the paste is
pumped to holding tanks and typically packed inte 306
gallon boxes or 55 gallon drums. In plants
manufacturing diversified tomato products, the juice is
diverted when it reaches the appropriate ievel of
concentration to make alternative end products, such as
pizza sauce and tomato catsup. Various ingredients
such as spices, sweetener, salt, soybean oil and citric
acid are added before the material is canned (Starbird
and Ghiassi 1986),

Bulk storage of tomato products has primarily been
used for tomato paste. This process has enabled many
tomate product manufacturers to  economically
remanufacture tomato paste into various consumer
products such as catsup, spaghetti and pizza savce, and
juice. It also allows many manufacturers to extend
processing beyond the harvest season as well as to
provide a product which can be remanufactured closer

to the consumption point. High quality bulk storage is
now possible for whole tomatoes (Gould 1992, p.228,)
which should stimulate further restructuring of tomato
profduct manufacturing. A number of plants onece
specializing in paste manufacturing now produce other
bulk products. These other products such as diced
tomatocs may also be used as an intermediate input to
other products such as spaghetti sauce. A number of
Midwestern plants purchase California bulk tomato
products and remanufacture them into consumer
products.

24. Marketing Arrangements

Grower-processor transactions in the processing tomato
industry are accomplished almost exclusively by
forward contracting, In 1991 98.5% of the processing
tomato acreage was under contract, The forward
contract specifies the number of tons the farmer may
deliver on a weekly basis, and growers may be required
to hold tomatoes in the field if over supply exists,
Other provisions may specify the field in which the
tomatoes are grown and the variety grown. Any
premiums or discounts based on tomato quality will
also be specified in the contract. These provisions vary
across firms. Processors also often offer premiums for
late- and sometimes for early-season production. These
premiums alse vary by processor and sometimes even
by plant in the case of multi-plant processors.

The Califernia Tomato Growers Association
(CTGA), a bargaining association, has negotiated on
conract provisions since 1973, Brandt (1977) reported
BO% membership in CTGA with 70% of production in
1975. The curtent CTGA membership rate is at 50%.

Figure 2.5 shows that some counties such as San
Joaquin, Stanislans, Merced, and San Benito/Santa
Clara, have a substantially higher concentration of
tomate processing plants than others. Comparing
Figures 2.3 and 2.5 illustrates that processing capacity
is not necessarily matched with production, due mainly
to the movement of raw tomato production over time
as described earlier. Plant closures and openings since
1989 show some improvement in this regard.

Transportation costs comprise a  significant
component of processing and marketing costs for
tomatoes due partly to this geographical mismatch of
processing capacity and raw product production. In
1989 there were still four plants operating in the now
substantially urbanized and industrialized county of
Santa Clara. The first processing plant in Fresno
County opened in 1989, even though Fresno County
has been California’s top tomato producing county
since 1982 and a major preducer since the mid-1960s,
Overall, the processing sector has been slow to foilow
production, making the efficiency of transportation an
important issue for the industry.

Grower-to-processor  transportation  costs  have
averaged from 8-12 dollars a ton, roughly 15-20% of
the farm price. Trucking rates vary by location and
firm and year; a flat fee of $5.00 per ton + 10 cents per
ton per mile was typical in the early 1990s,
Transportation costs are paid by processing firms, In
the literature on spatial pricing, this arangement
represents a uniform pricing scheme. Its implications
are discussed in the next chapter.



Figure 2,5, California Tomato Processing Plani Locations
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while any particular county may spread its
production for 10 or more weeks, it is necessary for
firms desiring to continue operations for longer periods
1o procure tomatoes from glternative producing areas.
This situation implies a management problem for the
processar in terms 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" preducts, such as
whole tomatoes when harvest rates are low,

A second consideration affecting transport miles is
the need to ensure even delivery of tomatoes to the
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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 tons/acre this volume
would represent an entire week's processing for some
plants.

Thus processors spread their production contracts
beyond the distance which is necessary for adequate
plant input 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 to safeguard against locally poor yields
or damaged crops. Hence, firms do not have exclusive
control aver local raw product markets in this industry.




3. PRICING AND TRANSPORTATION IN A SPATIAL MARKET

Processing tomatoes are a bulky and perishable
product. They are relatively costly to transport. The
diffusion of processing tomato production across a
large portion of California as detailed in Figure 2.3 and
the pattern of processing plant location shown in Figure
2,5 mean that tomatoes are often shipped long
distances. In 1989, the base year for our analysis, the
average one-way haul for a load of tomatoes under the
prefit-maximizing allocation was 57 miles, and hence
transportation costs comprise a significant portion of
the costs of marketing and processing raw tomatoes.
This chapter discusses pricing in spatial markets and
demonstrates how the choice of a spatial pricing
scheme affects ransportation costs.

3.1. Spatial Pricing

Spatial considerations complicate firms® decision
making, A fundamental issue is how transportation
costs affect price schedules and, hence, supply accruing
to each processing firm. The prototype mode of spatial
pricing is FOB (free on board) pricing. When applied
on the selling side of the market, FOB pricing implies
that the seller charges a uniform "mill" price to all
customers, who then are responsible for transportation
costs incurred in shipping the product. The analogue
to FOB pricing on the input-buying side of the market
is when the processing firm offers a uniform price at
the plant gate, and sellers are responsible for costs
incurred in getting the product to  the factory.
Although sellers receive differentiated net prices, FOB
pricing represents rondiscriminatory pricing in that no
seller pays more or less than the costs of transporting
his own product. In this sense, FOB pricing is
characterized by an absence of cross subsidies among
growers.

Departures from FOB pricing are commean in
practice as Greenhut, Norman, and Hung (1987, ch. 14)
document. Any pricing scheme that departs from the
FOB standard is discriminatory in that it viclates the
nondiscrimination standard set forth in the previous
paragraph. In principle, discrimination can take one of
two forms: freight absorption or phantom freight
charges. Under freight absorption, the seller is charged
jess than the full cost of shipping his product. The
plant-gate price is set correspondingly lower to reflect
the buyer's payment of shipping costs. Pricing
schemes that absorb freight discriminate against sellers
located near to the processing facility who subsidize
distant sellers. When phantom freight charges are
subtracted from the seller’s price, the plant-gate price
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can be raised accordingly and, hence, discrimination is
against distant sellers.

Phantom freight charges (charges in excess of actual
transport cost) can usually be undermined by seller
arbitrage, because sellers located near to the processing
plant can buy production from distant sellers and
acquire the difference between the processor's phantom
freight charges and actual cost of transportation. Thus,
most attention in spatial price discrimination is focused
on freight absorption. A particularly acute form of
freight absorption, uniform pricing is practiced in the
California tomato processing industry, where processors
offer a uniform price to growers rcgardless of the
growers’ distance from rhe processing plant.’ The
processor pays nominally for all transportation costs,
Of course, the price paid is corespondingly lower than
the plant-gate price under an FOB set up, thus
generating the conclusion that nearby growers cross
subsidize distant growers,

Several factors have contributed to the emergence of
uniform pricing in the California tomato industry.
First, it is a simple pricing system that probably
minimizes contracting costs. Second, processing firms
are better poised than growers to deal with wucking
firms because of their superior bargaining power
relative (o growers and because processors’ relative
fewness in numbers minimizes the contractual costs of
dealing with truckers. This pricing system has a long
history in the industry. Collins, Mueller and Birch
(1959} report that the system was firmly entrenched in
1954, with processors either amanging hauling
themselves or paying growers a havling allowance
equivalent roughly to the going truck rate.

Uniform pricing also reflects the nature of
competitive relations in this industry, including
overlapping market areas among processors. Under
FOB pricing, processors market areas do not ¢verlap.
Growers ship to whichever processer offers the highest
price adjusted for transportation costs. For example,
consider twe processors located 1 unit distance apart,
let w, and w, represent the processors’ mill prices, and
let t denote the per-unit fransportation costs. Growers'
net price 1o shipper 1 under FOB pricing is found by
subtracting transportation costs from w,, The market
boundary, L', berween the two firms is the location
where their two net priccs are identical:

w, - LS = w, - (1 -L%
and solving for L' yiclds

3.1 L' = ((w, - w,) + ty21.



Figure 3.1, Market Boundaries Under FOB Pricing
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As illustrated in Figure 3.1 all growers located less
than L! distance from processor 1 ship to that processor
and all others ship te processor 2.

A number of competitive factors promote market
overlap and, hence the emergence of uniform rather
than FOB pricing in the California processing tomato
industry. They include processars’ desire to (i) extend
the processing season by attracting tomatoes from
multiple growing regions, (ii) spread risk of crop
failure by contracting for tomatoes across a broad
geographic area, and (iii} attract tomatoes with special
characteristics such as high soluble solids content. In
addition, as comparison of Fignres 2.3 and 2.5
illustrates, shifts in production have left some
processing plants without a significant base of locally
grown tomatoes. These processors must necessarily
then attract tomatoes from growers in more distant
regions.’

The key point in terms of choice of a pricing
scheme is that in order for firms to succeed in
procuring raw product from distant regions that are
proximate to rival plants’ locations, they must set price
competitively in those locations. An FOB price minus
long distance hauling costs will not normally be
competitive in these situations. A uniform price, on the
other hand, enables a processor to compete effectively
in distant regions, while exploiting its locational
IMONOPSONY POWEr Over proximate growets.

Under uniform pricing, a processing firm wishes to
extend its tnarket vntl 1ts uniform price w plus
transportation costs {L just equal its net marginal
revenuge from acquiring additional raw tomato
production. For example, consider 2 tomato
processing plant that produces paste, which is sold at
price P per unit and is processed with constant cost ¢
per unit of output. Finally, let { = AR denote the fixed
ratio at which raw romatoes, R, are converted to tomato
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paste, Q (A = 0.16 for paste). The processor's market
boundary, 1 is then defined by the condition

and, therefore, E-or=wsi

(3.2) L* = [(P - c)h - wt.

Determination of a firm’s profit-maximizing uniform
or FOB price depends upon several factors, including
the elasticity of growers” raw product supply schedules,
nature of the spatial surface {e.g., a line vs. a plane),
density of producers on the spatial surface, and nature
of competition among processors, A detailed
discussion of spatial price determination is beyond the
scape of this study.® A key point to observe, however,
is that a discriminatory pricing regime such as uniform
pricing can effectively "drive ont™ nondiscriminatory
FOB pricing. The reason is that in spatial markets
competition occurs oaly at firtns’ market boundaries.
Growers located near market boundaries can easily shift
their production te alternative processors, whereas a
processing firm possesses market power over growers
located near its plant because of the relatively high
costs of shipping their production to a distant plant.
Relative to FOB pricing, uniform pricing exploits this
market power by reducing price to nearby growers and
raising price to distant growers. Thus, uniform pricing
makes a firm more competitive at its market
boundarics, and, ceteris paribus, wiil enable that firm
to capture market area from its FOB-pricing rivals. To
maintain their market shares, these precessors have to
respond by invoking similar discriminatory pricing
schemes and, hence, FOB pricing is driven out.

This conclusion holds as long as there are not
multiple processors located at each processing site.
The reason is that, when the processor discriminates
against nearby prowers under a uniform pricing
scheme, he is vulnerable to losing these growers to
nearby (not distant) rivals if any are available. In other
words, an FOB-pricing rival located preximate to the
discriminating firm’s plant will be able to cffer a better
net price to local growers than will the discriminating
processor who is practicing freight absorption and,
hence, discriminating against these growers. In this
sense, if there are multiple noncolluding processors
located at each production site, FOB pricing is restored
as the equilibrium pricing scheme.

In sum, a variety of -efficiecncy-based and
competitive factors have contributed to the emetgence
of vnifoum pricing in the California processing tomato
industry. The key point for purposes of this analysis is
that uniform pricing facilitates the overlap of markets
that is also a characteristic of the industry, The
implications of uniform pricing for tomato shipping
costs are studied in the next section.



3.2. Spatial Pricing and Transportation Costs

Uniform prices and overlapping markets lead to higher
transportation costs to allocate a given amount of raw
product than would be incurred under a system of FOB
prices and nonoverlapping markets, ceteris paribus,
This point can be demonstrated using a simple model.
Consider once again two identical processing firms
located at the end points of a line with unit length and
farmers located along the line with uniform density.
We assume for simpliciry that the available supply
from farmers is fixed with respect to price, and without
loss of generality this tatal supply can be normalized to
1.0. Each firm produces a homogeneous product Q,
say paste, from raw tomatoes R according to the
conversion rate (3 = AR. The firms are price takers in
their processed product market, selling paste for price
P and incurmring per-unit processing costs equal to c.
Under any equilibrivm the firms will pay a common
price for raw tomatoes. As a result under FOB pricing
identical firms will always divide the market equally
among themselves,  Fignre 3.2 illustrates the case

Figure 3.2. Market Boundaries Under FOB and
Uniform Pricing
Fitm 1 Pirm 2
®-a oo
wl ‘.f
wh . . . wt
w i o
ﬂ"—-—-—‘- h;: -'_lu-_'l
1M 1-M
2 " 2

where the firms® mill prices are w' and the FOB
pricing schedule is formed by the equation w* - (L.
Total transportation costs, T, can be computed as
Tw=[avg. distance travelled]x[costfunit distance]x
[velume shipped].

Average distanee travelled under the FOB amrangement
is easily seen to be 1/4.” Thus, given that quantity is
normalized to 1.0, the total transportation costs under
FOB pricing are merely

(3.3) T = (/).
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Equation (3.2) defines firms' desired market area
under uniform pricing. If L' > 1/2, the markets will
overlap. Let 0 = M = 1 define the area of overlap,
Then {1 - MY2 represents each finm's monopsony
market area as indicated on Figure 3.2,  Average
transportation distance in the monopsony areas is
simply (1 - M)/4, whereas in the disputed area, it is
1/2% Thus, total transportation costs under uniform
pricing are

(3.4) T" = (1-M)y/4 x (1-M)t + %Mt = ((1+M°)/4,

where the first and second terms calculate costs for the
menopsony areas and disputed area respectively.

Comparison of equations (3.3) and (3.4)
demonstrates that the added transportation costs from
uniform pricing depend upon the amovnt of
overlapping market area, For example, if markets are
fully overlapped (M w= 1), transportation costs are
double their value for the FOB-pricing regime, whereas
as M — 0, transportation costs converge to the same
value under either regime. In this sense any excgenous
factors that increase L.° {such as an increase in (P - c))
also increase M and, hence, T°. T' in contrast remains
fixed at {1/4}t.

This analysis does not imply that the California
pracessing tomato industry is inefficient because it
employs a uniform pricing scheme. Rather, it only
indicates that, when uniform pricing leads to market
overlap, transportation costs for allocating a given
amount of raw product will be higher than under a
FOB prcing scheme which generates np market
overlap. There may be efficiency-based reasons for
markets to overlap as discussed at the cutset of this
chapter. The challenge in developing an optimization
model for the industry is to incorporate these
considerations  (e.g., seasenality in production,
variability in soluble solids content) as well as
transportation ¢osts into the model, The efficiency of
the industry’s transportation pattern can then be re-
evaluated within this generalized framework. We
discuss construction of this optimization model in the
next chapter.



4. THE OPTIMIZATION MODEL

This chapter describes the optimization model used to
allocate tomatoes from the growing areas to the
precessing plants. The mode! is designed to find the
allocation of tomatoes that maximizes variable profit to
the industry, given (i) the location and characteristics
of raw product production, (i) the lacation, capacity,
and type of processing plants, (iii) transportation and
processing costs, and (iv) selling prices for alternative
processed tomato products. Variable profit to the
industry is defined as aggregate revenue from processed
product sales, less variable processing costs and
ransportation costs, The analysis treats plant location
and capacity as given.” Fixed costs of operating the
plants do not affect the optimal allocation pattern and
are not relevaat for short-run industry decision making,

The raw tomato is highly perishable, so harvesting
and processing must occur nearly simultaneously, and
there is little opportunity to hold raw product as
inventory. Thus, it is appropriate to consider tomato
allecation within a harvest year as a static problem with
multiple periods. The dynamic factor linking the
periods is that, once a processing plant begins
operation, it operates continuously until shutting down
for the season, because the costs of shut down and
subsequent start up are in most cases prohibitively
high. The subsequent sections in this chapter describe
the steps involved in constucting the optimization
molel,

4.1. Raw Product Prodaciion

The study included raw product production from the
top 13 tomato-producing counties in Northern and
Central California. They include Colusa, Centra Costa,
Fresno, Merced, Monterey, Sacramento, San Benito,
San Joaquin, Santa Clara, Solano, Stanislaus, Sutter,
and Yelo Counties. Collectively, these 13 counties
supplied 88% of the State's processing tomato
production in 1989  Figure 4.1 depicts these
counties on the Califernia map, illustrates the major
producing areas within the counties, and depicts the
location and size of processing plants in this area.
The goal of the eptimization program is to allocate
tomatoes from these producing areas to the State’s
processing plants 80 as to maximize variable profit to
the industry. Figure 4.1 viewed in conjunction with
Figure 2.4 provides a gocd overview of the tomato
allocaton problem. Production is scattered across
much of northerh and cemtral California, and the
harvest varies significantly by week across the major
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Figure 4.1, Production and Plant Location
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producing counties." Firms wishing to extend their
processing season must atract tomatoes from multiple
regions.

The soluble solids factor, An additional consideration
in establishing contracts for raw tomato production is
the characteristics of the tomatoes 10 be produced,
especially their soluble solids content. The amount of




processed paste, sauce, and puree that can be obtained
from a ton of raw tomatoes is directly proportional to
the solids content of the tomatoes. Conversely,
production of whele or diced tomato products is not
affected by solids content. Therefore, ceteris paribus,
high solids tomatoes are more valuable to plants that
process a greater preportion of paste, sauce, or puree.

The data obtained for this study included the
number of loads shipped per week, N,. from each
producing county i = 1,.,13, the mean, 5, and
variance, o, of solids ameng the loads obtained from
county i in each week. In order to incorporate solubie
solids considerations inte the analysis and yet maintain
tractability of the optimization program, a dichotomous
classification of shipments into high vs. low solids
content was employed. Loads with solids contents
above the state averapge for 1989, § = 5.306%, were
classified as high sclids, and loads below the average
were classified as low solids.

To achieve this classification from aggregate weekly
shipments data, we assumed that the solids content of
each week’s deliveries from a county i in week t was
distributed as & normal random variable with the mean
8., and standard deviation o,,. This information was
then used to compute z values from the standard
normal distribution: z = {8 - §,, /o, The value z was
then: used to estimate the proportion of loads above the
statewide mean, S = 5,306, If N, is number of loads,

the number of low solids loads was estimated as NL;,
= F(z, )N, . The estimated number of high solids

loads was then NH,, = N;, - NL;,. The solids content
for each low-solids load was assumed to be the average
acrose all low-solide loads: 8* = 5.12%, and similarly
for high-solids loads: §* = 5.48%,"* Tables 4.1 and
4.2 give the estimated number of loads of low- and
high-solids tomatoes, respectively, produced by week
in each county for 1989.

An example illustrates the importance of soluble
solids to tomato processing. A ton of low-solids
tomatoes can make 2000 - 0.95 - D.0512/0.31 = 313
Ibs, of 31% paste, where 95% is the proportion of the
raw ton assumed to be usable. A high-solids ton yields
2000 - 0.95 - 0.0548/0.31 = 335 lbs. of 31%
paste.’* The ratio of high- to low-solids paste
production is 335/313 = 1.07. In essence, because a
load of high-solids tomatoes contains on average 7%
more solids than a low-solids lead, it yields 7% more
of all final products such as sauces, paste, and puree
that are formulated by reducing the raw product into a
concentrated form.

Thus high-solids tomatoes are more valuable
because they yield more output of paste-type products,
but they alse lead to correspondingly greater processing
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costs for those cost items that depend upon the amount
of processed product output rather than the amount of
raw product input. The key input that is output rather
than input dependent is containers, Containers and
cartons comprise 87,8% of nonlabor processing caosts in
the diversified-products plants and 57.5% of nonlabor
costs in the paste-only plants.  Following the
procedures described in the preceding paragraph, these
costs are assumed to be 7% higher when a high-solids
ton is processed inte paste than when a low-solids ton
is processed. For a representative diversified products
plant which uses 65% of its raw preduct for sauce,
puree, and other paste type products, the increase in
cost per ton is 4.55% [(1.07 - 0.65) + (1.0 - 0.35)]
higher when a high-solids load is processed.

4.2. Processing Plants .

Tomato processing plants in this study were classifi
according to whether they processed exclusively bulk
paste or manufactured diversified products, including
whole peeled tomatoes, puree, and sauce, as weil as
paste. In some cases the classification between paste
only or diversified products was ambiguous because
plants may process only paste during the harvest sgason
and then later remanufacture it into diversified
products. Qur rule in classifying these plants was te
consider them diversified if remanufacturing occurred
locally and to treat them as a paste-only processor if
the remanufacturing occurred at a remote site. Based
on this criterion, 26 of the 32 plants included in the
study manufactured diversified products, while six
manufactured only paste.

Our data included 1989 tomato shipments
information for the 32 processing plants docated in the
study region. The raw tomato inspection process
described in Chapter 2 provides detailed information on
each load of tomatoes produced in the state, incinding
its county of origin and processor destination. These
data are gathered under the auspices of the Processing
Tomato Advisory Board (PTAB) and are confidential,
but permission was obtained to use the data provided
that transactions of individual firms were not released.
This stipulation necessitated that shipments data be
aggregated into six regionai groups of firms/plants prior
to release.  The geographic composition of the regions
is indicated in Figure 4.2. The paste only and
diversified produocts plants located in each region are
depicted with P and D symbols, respectively.

Two major plants located south of Fresno County
declined to participate in the study as did one processor
in Stanislaus County. For this reason all tomatoes
shipped to plants south of the Fresno and Kings County
border (6% of total production) were excluded from



0 0 Tl TeEE 065 6901 LOS L9¢T TIST 081t 8Tkt $T91 BOIt Betd S0r1 BO6 [T t¢ O 0 OT0A
0 0 0 & 991 87 B6T olo ST8 9€8 1e€ S0E tiZE o6Z1 L%1 €T O 0 0 0 JALLNS
0 0 0 3 9 Pe IIT #TZ8 IT11 8TE6 Pr6  ¥PLL QLS €99 £ T 0 0 0 0 SNVISINVLS
0 0 PIT TPE  98L LIL AP SSPD T9I1 STI1 686  6SET 9Ly 98T EIT 8 0 0 4] 0 ONVIOS
Q 0 0 1 L6T BLE TIT vt €91 OtL bRl % 0 0 0 0 0 0 0 0 VAVIO VINVS
I8 69 99T TiL 696 S06  SvE LTO1 IT0T 990L L9961 TLED Qs 6L TOT #2  OC [ 0 Q NINOYOL NVS
0 0 0 8¢ tF1 00§ L8T 6&¥r OI¢ 092 0OI1 € 0 0 0 0 0 0 0 0 CLINIH NVS
0 0 0 1€ 05k 180 €8t $TL t0S 9¢% €59 Oot 09 O 0 0 0 0 | 0 OLNIWNVHDVYS
0 €S QIT €LT 65T 8BFT 16€ Sk Lyt Ber P61 201 O © 0 0 0 0 0 0 ATIILNOW
0 €9 €€T LIT €81 6Z1 OS5y +vob OCR (I8 8EL LE8 ISk LOE 66 @ 0 £ 0 0 QASHTIN
0 0 & Oty 806 STE TIS 6P9  LLE1 9PST 6t0F IZBPP ELED IBTL Stl6 LPER 00L9 ¥REE Z6I1[ O ONSTHA
0 0 - H 8t £ LL 1 L 19 €97 I 16y Fpit &8t QlF P& 621 E 0 0 VISOOD YVHLINOD
0 o 0 A 19 SR 9F 69T 65¢ TOP 9L5 TSP 900 68BF1 9961 LBSI ob6l 16 O 0 ¥SNT0O
0z 6f Bl L1 Sl £1 ¢l £E1 T T al 6 8 L 9 < ¥ £ z 1 ALNNDOOD
HIAM ]

SPEOT] SPIOS MO 2QERAY “T°p JqEL

16



0 I I£ ZLT PROl 309 9ZIE 0SPE €89¢ LT9E BLOZ Tv0b 00LE TOLE T6LT vRO OF OT0A
0 0 [ L SES  PEB  9ULI SIOT 69%T LLfT 6907 TIZI 86 +¥O0F L1 O 0 J9LINS
0 0 ¥ 6l L% 611 £bS €29 4BS QTS €20l S49 o669 ILT S O o SIIVISINYLS
0 0 Pel 8Z6 BIS L6l TL8 8b3 %68 086 I8S1 9vF II¥ TOI Kl D G ONYI0S
0 Q I 911 06 8L B¥I LOD €61 L8] S 8 O a 0 Q 0 YAVTD YLNYS
0 9t ESI S6Z 68 Y0P QIZI Tebtl T6TI LIl CTIZI €0 18 S6f t6 19 O NINOVO{ NVS
1) 0 Z €9 €6 B6T 969 ODL kSL OZE VS O 0 0 o 1] 0 OLINAd N¥S
0 0 79  60[ €11 TO0T i€ €9¢ ©9F LS €07 LT O 0 0 0 0 OLNINVADIVS
8 8 Yo tl I g ¥ L9 s6 8I1 fZ O 0 0 h] 0 0 ATIILNOW
£ ¢E L Pl 9T 691 967 TBE 965 189 HTIT 1Z% €02 ¥ T Q 61 aIOdIN
0 0] OL1 6Z1 69 L8 5t 159 LB €891 E£6Tt LGSE PRI9 LibL 0506 I¥SE 6909 SELI 61 ONSTHA
0 0 0 I o 0O 8BS tF 6T OL SIT 0ZF LBE 809 99% tvHb 8L ¥ILSOD VAILNOD
0 0 a I P PL TO¥ 6L0 £¥O LIS 9ZE  Sel  bLYI SiPD p69T BIOZ 68T O ¥Y8NT103
61 21 Ll o1 §1 14! 19 SR A 1 ol 6 8 L 9 < r 13 ALNMOD
HIAM

SPIOS AQRI0S YIH IqRIIEAY T JEL

17



Figure 4.2. Processing Regions
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this study as were the tomatoes shipped to the
Stanislaus County processor (3-5 percent of total
production in 1989). Finally, a small amount of
production shipped to vegetable freezers and dryers was
also excluded.

The processing plants included in the study, their
location, processing region affiliation, processor type,
and estimated weekly capacity are listed in Table 4.3.
Plant capacities were estimated from a number of
sources and confirmed with industry experts. In
general, capacities of the various plants are well known
throughout the industry, and we do not treat our
estimates as confidential,

Estimates of annual production in a plant cannot be
translated directly into an estimate of the plant’s
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weekly processing capacity. Typically plants operate
at full capacity during the height of the harvest season
and at lesser rates early and late in the season. Qur
estimation of weekly capacities for the various plants
ook into account the appregate weekly processing
volume observed during the season and general
knowledge regarding plant characteristics and
scheduling. Specific factors considered in establishing
weekly processing capacities were (i) the volume of
aggregate peak week deliveries--approximately 7.8% of
annual deliveries, (ii) the observation that small plants
generally aperate for fewer weeks than larger plants
and (iii) the volume of total weekly and annual
shipments 10 each processing region. Based on these
factors, small, medivm, large, and very large plants
were assigned weekly capacities of 10%, 9%, 8% and
7%, respectively, of their annual processing volume.

4.3, Transportation and Processing Costs

Transportation costs. Table 4.4 provides estimated
transportation mileage from each producing county to
the California cities where processing plants arc
located. These estirmates were derived by the anthors
based on the available transportation network and the
approximate location of production in each county",
Transportation costs per ton, TC, for each shipment
from county i to plant n were computed using these
miteages, I}, , according to the formula:

TCrR

L

= $5.00 + $0.10«D;, .

Processing costs--diversified-products plants, The
optimization model requires ¢stitnates of processing
costs for both paste and diversified plants. Our
primary source for diversified plant costs was the study
conducted by Logan (1984), Logan obtained labor and
nonlabor costs for a moederate-size diversified-products
plant in California. The plant operates 12 canning
lines, 7 of which process only whole tomatoes, and 5
of which process either sance, puree, Or pasie.
Production flexibility in the plant is obtained by (i)
varying the number of canning lines in operation, {ii)
operating from one to three eight-hour shifts, and (jii)
operating from five to seven days per week.

Logan developed a computer model to select the
lease cost mode of operation, given the amount of raw
tomatoes arriving weekly and management priorities on
the processcd product pack.  Logan's analysis
illustrates the nature of short-run operating economies
that exist in the industry. He writes {p. 8);



Table 4.3. 1989 Plants and Estimated Weekly Capacities

Type: Weekly

Group Firm Name Location P=Paste Capacity

D=Diverse (009 tons)
Colusa County Canning Co. Williams P 17.5
Harter Packing Co. Oroville D 17.5
Pacific Coast Producers Yuba City Iy 12.0
Contadina Foods, Ine. Woodland D 40.0
Beatrice/Hunt-Wesson, Inc, Davis D 36.0
Dixon Canning Co. (Cambell) Dixon P 27.0
American Home Food Products Yacaville D 27.0
Campbell Soup Ca. Sacramento D 11.5
Sierra Fruit Co., Inc. Sacramento D 13.5
Heinz U5 A. Stockton D 27.0
Heinz U.5.A. Tracy D 49,0
Tri/Valley Growers Stockton D 20.0
Tri/Valley Growers Thornten D 20,0
Valley Tomato Products,Inc. {Campbell) Stockton P 25.0
Pacific Coast Producers Lodi D 12.0
Ragu® Foods, Inc. Stockton D 27.0
Quality Assured Packing, Inc. Stockton D 11.5
Beatrice/Hunt-Wesson, Inc. Oakdale D 40.0
Del Monte Corporation Modesto D 31.5
Escalon Packers Escalon D 7.0
Tri/Valley Growers Moadesto D 15.0
Gangi Brothers Packing Co. Santa/Clara D 13.5
Garden Vailey Foods, Inc. Gilroy D 11.0
Gilroy Canning Co. Gilroy D 13.5
San Benito Foods Hollister D 13.5
Sun Garden Packing Co. San Jose D 260
Tri/Valley Growers Hollister D 15.0
Arwater Canning Co. Alwater D 14.5
Ingomar Packing Co. Volta P 270
Ragu' Foods, Inc. Merced D 375
TOMA-TEK, Inc. Firebaugh P 20.0
TrifValley Growers Volta P 34.0
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Much of the direct labor required in tomato
processing operations is more or less constant
regardless of the rate of output. For example,
most of the labor needed in the receiving and
general preparation operations, the general
processing operations, the general service
functions, the brites (can) stacking, cooling, and
finished pack receiving operations remains
essentially unchanged no matter how many
canning lines are being operated or what final
products are being produced.

In contrast to these labor economies, nonlabor
inputs such as ¢ans, cartons, energy, water, and various
food ingredients such as salt are added to the raw
tomate input in approximately fixed proportions. Thus,
we considered labor and nonlabor costs separately for
both diversified products and pasie plants. Nonlabor
costs in either case were treated as 4 constant amount
per unit of raw tomato processed.

Logan’s labor and nonlabor costs were updated to
reflect prices in our base year, 1989, Updated costs by
itern are provided in Table 4.5.

Table 4.5. 1989/1983 Cost Ratios for Diversified-
Products Plants

Cost Item £9/83 Cost Ratio
Labor 1.122
Electricity 1.424
Gas 0.996
Lye 1.092
Salt 1.118
Cans 1.126
Cartons 1.149
Boiler start up 0.996
Evaparator clean up 1,139
Water 1.092

Scurces:  California Labor Market Buylletin - Statistical
Supplement 1983, 1989 (labor costy, Bureau of Labor
Statistics, Producer Price index 1983, 1989 (electricity, gas,
lye, salt, cans, carmons), and Dept. of Water Resources
Bulletin 132-89 {watar),

Based upon these price changes, nonlabor variable
costs per ton were computed as indicated in Table 4.6;

We also needed to extrapolate Logan's analysis to
estimate processing costs for larger-size diversified
plants. Given updated labor costs, Logan's
optimization model was re-run 1o establish the
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Table 4.6. Nonlabor Input Costs per Raw Ton:
Diversified-Products Plants

Cost Item Cost/low-solids  Cost’high-solids
ton ton

electricity $1.97 1.97

gas 10.32 10.32

lye 0.95 0.95
water 0.41 0.41

salt 1.67 1.75

cans 59.957 104,52
cartons 6.56 6.86
TOTAL 121.85 126.78

minimum abor costs for processing weekly volumes up
to 18,000 raw tons per week, the capacity of Logan's
base plant. Capacity within a diversified-products plant
is increased by adding additional canring lines, To
estimate costs of operating additional lines, labor costs
and clean-up costs from Logan’s analysis were modeled
as a function of the number of lines and shifts operated
per day, 1-12 and 1-3, respectively.’®

To estimate these costs for larger plants, Jaber and
clean-up cost per day were computed for alternative
operating regimes in Logan’s base plant, These costs
were then modeled as a linear function of firgt shifts
(81), additional shifts (SA), and lines times total shifts
(LS-8T), where ST=S51+5A, operated in the base
plant:
(4.1) LCp = b,(S1} + by(SA) + b,(LS-ST)

This regression equation was estimated with the
data obtained from re-running Logan’s model with
updated cost information. The estimated equation was

(4.2) LC, = 28076(S1) + 16546(SA) + 630(LSST),
R’ = 596

Although Logan’s model has different operating
ratgs for different lines, it was assumed that the product
mix was constant, giving an average of 72.9 raw tons
processed per ling per shift, This volume was then
nsed to estimate the number of canning lines needed to
obtain alernative weekly processing capacities. We
estimated labor and clean up costs for plants with 18
lines (27.5 thousand ton weckly capacity), 24 lines (37
thousand tons per week), and 36 lines (55 thousand
tons per week) using equation {4.2). In addition 10
direet cost increases from additional lines operated,
shift labor costs (primarily for supervisory and



receiving functions) were estimated to increase by 15%
relative to Logan’s base plant in the 27.5 thousand ton
capacity plant, 30% in the 37 thousand ton plant, and
60% in the 55 thousand ton plant. These adjustments
reflect higher management costs in larger plants due
either to higher-paid managers or more managers being
hired.

Given this extrapolation of Logan's analysis to
accommodate larger-size plants, the final step in the
process of deriving diversified plant labor and clean up
costs (L) was 10 estimate the relationship between
these costs and tons of raw tomatoes processed
({TONS). ‘This relationship was obtained by first
deriving the minimum labor and clean up cost
configuration for processing alternative raw product
tonnages in either Logan’s base plant or its larger
analogues, and then estimating a log linear average cost
function:

(4.3) (LC/TON) = + Bln{TONS).
Choice of this functional form was dictated by the
nature of the operating economies apparent in the data

as illustrated in Figure 4.3. The estimated funciion
Was:

(4.42) In{(LC/TON) = 7.564 - 0.42 In(TONS),

R*=021
DT

(4.4b) LC/TON = 1927.5 TONS¥
The estimated curve is depicted in Figure 4.3.

Processing cosis--paste plants. Production cost data
for a moderate-size (150-200 thousand ton seasonal
capacity} paste processing plant was obtained and
provided the basic data input into estimation of paste
plant processing costs. Paste plants provide a product
targeted at other food manufacturers as an ingredient.
Bulk paste is vsually packed into 55 or 300 gallon
containers, Multiple canning lines are not operated as
in diversified-products plants, and, hence, paste plants
lack some of the operational flexibility of adiversified-
products plant. In particular, once a paste plant begins
operatipns, it is usually ecenomical to continwe
operations at full capacity throughout the processing
season. " Thus paste plants will typically operate
three shifts and mun seven days per week throughout the
Processing season.

Similar to the diversified-products case, it was
useful to separate labor and nonlabor processing costs
for paste plants. Nonlabor costs include costs for
energy, water, supplies, ingredients, and containers. Tt
once again is reasonable to assume that energy, water
and supplies are vsed in fixed proportion to the volume
of raw tomatoes processed, and, therefore, that
nonlabor costs are constant per unit of raw product
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Figure 4,3. Diversified Plant Average Labor Cost
Curve

1060t 0300

processed.  Container costs increase in proportion to
the solids content of the raw tomato. Estimated costs
per ton for these items are indicated in Table 4.7. The
container cost calculations assume that 19% of each
raw ton is packed in 35 gallon drums and the
remainder in 300 gal. cartons,

Table 4,7, Nonlabor Input Costs per Raw Ton:

Paste Plants

Cost item Cost/low- Cost'high-
solids ton solids ton

electricity $1.89 $1.89

gas 319 319

supplies 0.64 0.64

55 gallon drum 6.19 5,62

{19% of each ton)

300 gallon carton 1.70 1.82

(81%:)

weighted average 13.61 14.16

Because of the continuous namre of paste plant
operations, labor-cost economies are even more
pronounced it paste plants than in diversified-products
plants. Once a plant begins operations, labor costs are
essentially fixed with respect to the volume processed,
so the average labor cost function approximates a
rectangular hyperbola--it declines rapidly and then
levels out for large processing volumes. To
accommaodate the different capacity levels of California
paste plants, we estimated labor costs for three different
capacity paste plants: 18,000 tons per week (the base



plant), 27,000 tons per week, and 37,000 tons per
week, Costs for the larger-capacity plants were
obtained by adjusting costs for the base plant in
consultation with industry experts. It is commonly
acknowledged that substantial economies of size exist
in paste plant operation. For example, one expert
suggested that a doubling of plant capacity caused
labor costs to rise by only about 15%. The estimated
employment requirements and associated costs for each
plant are summarized in Table 4.8,

Given the economics of paste processing, a paste
plant incurs full labor costs, C*, per week if it is
operating, e.g., C* = §82,135 per week for the plant
with 37,000 raw tons per week capacity, and essentially
zere direct labor costs if the plant is not operating.
This type of discontinuous cost function caused
problems for the nonlingar optimization computer
routine used in the analysis. As a consequence, the
labor-cost function was "smoothed" by employing the
following transformation:

(4.5 LCF m C*(1 - g*75),

where k is an appropriately selected parameter. This
function asymptotically approaches C* as TONS
processed becomes large. The larger is the parameter
k, the faster LC" approaches its asymptote. Therefore,
by setting a high value for k we were able to preserve
the reality of operating economies in paste plants while
maintaining a smooth labor cost function. Figure 4.4
illustrates the LC* per ton functions for the base,
medium, and large paste plants,

Figure 4.4. Average Labor Cost Curves for Paste

Plants
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4.4, Processed Products Qutput

To compute variable profit from tomato processing, we
needed to make assumptions about the types of
processed products being produced. The output mix, of
course, differs for each diversified products plant.

23

Output diversity for paste-only plants is reflected
primarily in terms of the bulk container cheice.

Each firm's product mix is confidential, so the
alternative pursued here was to assume that the final
product breakdown for our base diversified-products
and paste plants held acrass all similar plants.'® The
diversified-products plant in Logan’s study produced
three can sizes of whole tomatoes and paste, and two
can sizes of puree and sauce. The allocation of final
produocts (by product and can size) for each raw ton in
the Logan base plant and the 1989 selling price are
summarized in Tablke 4.9. This processed product
breakdown was used to construct a composite product
to establish the value of a ton of raw tomatoes
processed into diversified products. Since Logan’s
study includes no information on soluble solids, it was
assumed that the volumes listed in Table 4.9 applied to
a low-solids ton of tomatoes. Canying out the
computations from Table 4.9 yields $355.10 as the
FOB value of a low-solids ton of tomatoes in raw
product form in the base year. About 35% of raw
tomatoes in the base plant were used to produce whole
tomato products. Thus, the value of a high-solids ton
was $355.10(1.07 - 0.65) + (1.00 - 0.35)] =
$371.26.

The same procedure was used to create a composite
paste plant output. The base plant produced 19.04% of
a 55 gailon drum and 6.96% of a 300 gallon carton
from one ton of low-solids romatoes. Given 1989 paste
prices, the FOB value of a low-solids ton processed as
bulk paste was $181.80, A high-solids ton was
correspondingly worth $181.8 - 1.07 = $194.53.

4.5, The Mathematical Model

The mathematical programming model to determine the
optimal allocation of raw tomatoes from northern and
central California producing counties to processing
facilities consisted of the following components:

(i) Total operating costs per week t, TC, at a
diversified products plant j.

13
(46) TC =19275 ¥ (XL + XH!y#

i=l

L3
~108.20 Y (XL} + 1.0455XH,})

11
+ 13653 (XL} + XH,)),

J= .26, t = 1,..,20.
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Table 4.9. Processed Product Production for Diversified-Products Plants

Product type Can size/case Number of cans 1989 price/$ case
produced per ton
Whale tomato No. 303/24 231.89 375
Whele tomato Ne. 21924 96.79 13.50
Whole tomato No. 10/6 25.14 12.50
Sauce & pures No. 10/6 13.96 12.25
Sauce & puree No. 2424 18.1¢ 12.50
Paste No. 6/48 256.90 13.00
Paste 12 0z./24 32.39 12.35
Paste No. 10/6 325 25.00
The first tertns in (4.6) and (4.7) measure labor costs, (iv) Weekly total revenue from processed product
the second terms measure nonlabor costs that are sales.
proportional to processed product output, while the
third terms measure nonlabor costs that are % 13 ) _
proportional 1o the volume of raw product input (see TR, =P P} [} (XL} +1.0455XH))]
jel b=t
4.9
Tables 4.6 and 4.7 for derivation of the nonlabor 49) I . r
costs for diversified and paste plants, respectively). +PPY7 (Y (XL, + 1.07XHY),
In (4.7) AE* is found for small, medium, and large ken e
paste plants on the bottom row of Table 4,8, t=1,..20,

(ii) Total operating costs per week t at a paste
plant k. Variables in the optimization model are defined as
n follows;
(4T TC* = AE* [1 _er-:mg mwm..:}
P° diversified processed product value per ton
of low solids raw tomatoes
P*  paste product value per ton of low-solids raw
5 tomatoes '
+572% (KL + XHY, XL,; Tons of low solids raw tomatoes transported
il ' ' from county i to plant n in week t
XH,; Tons of high sotids raw tomatoes transported
from county i to piant n in week t
D" transportation distance from county i to plant
n as reported in Table 4.4.
AE*  labor cost parameter for paste plant k

1}
+7.89 Y (XL;; + LO7XH))

i=1
k=1.061=1..20

(iii) Total transportation costs per week, TTC,, toa
processing plant n. Combining the model components (4.6)-(4.9), the

. = o . . full optimization model can be written as:
(4.8) TTC =¥ (XL + XH((0.10)D;" +5.00),

The base optimization meodel is subject to the
n = l1,..32,t=1,..,20 following constraints:

25



{4.10)
max 25 & =
=TR -V TC’-¥ TC,"-¥" TTC,".
XL, XH? II. =T%, 2 2 o E

t = 1,..,20.

(i) A plant n cannot process more tonnage than its
weekly capacity, C” as indicated in Table 4.3.

13
@1y Y oy XHD) £ C

=1

n=1,...,32, t=1....,20,

(i) A county i cannot supply more low-solids
tonnage than its low-solids tomato production,
production, NL;,, in any week 1, as reported in
Table 4.1,

rL]

]
412 Y XL} .Y XLi<NL,
k=1

=L

i=1,.,13, t=1,.,20.

(iii} A county i cannot supply more high-solids
tonnage than its high-solids tomato preduction,
NH,, in any week t, as reported in Table 4.2.
2 _ $
Y XH) + Y XH; € NH,,
k=1

"t

(4.13)

i=1,.,13, t=1,.,20.

Ohbserve that formulation and solution of the base
optimization model does not involve use of the
confidential PTAB inspections data on weekly
shipments from producing counties to individual
processing regions,  This information can be
jincorporated into the program as additional
constraints that force the solution to approximate the
actual 1989 allocation. The optimal solution and the
constrained-optimal solution can then be compared
and evaluated, The specific constraint that forces the
(estirnated) actual allocation is that:

{iv) the total raw tomato tonnage allocation from
county i to afl plants j = 1,...R in each
processing region r must equal the actual
tonnage allocated, AL, to the region for
each week t.

26

R ' R
Y (XL + xH)) = AL

It

i=1,.,13, r=1,..6, t=1,.,20,

(4.14)

A less restrictive version of this constraint is to
require only that:

(v) the total allocation to a region from all
counties i = 1,...13 must equal the actual
allocation to the region based on PTAB
records.

R 1]

415 £ ¥ ] + XH)=AL/,

j=1 il

r=1,..6, t=1,..,20.

The base model, equation (4,10) subject to (4.11)-
(4.13), was solved as a static, multi-period problem
using the nonlinear optimization program GAMS."
This solution procedure does not incorporate the
dynamics that link weeks in the processing season.
namely that processors remain in continuous
operation throughout their processing seasons. This
consideration can be introduced explicitly into the
program by defining integer variables 8! as follows:

4.16) If i{xl_;: + XH) >0,

i=

then & = 1, otherwise &, = 0,
n+=1,..,32, 1=1,..20

The consecutive operations constraint can then be
imposed as follows:

(4.17) If §/=1and®,,=1,then &, = L.

To incorporate this constraint, a basc period t* must
be established for all plants n where &, = 1.

For example, t* could be designated as the peak
delivery week in a given processing season. This
procedure could be repeated by choosing different
base weeks and eventually selecting the solution set
that achieves the highest variable profit. Fortunately,
in our application of the programming model, the
comnsecutive weeks operation constraint was met (i.e.,
the constraint was slack) by almost all plants in the
base solution to the model, thus vitiating the need to
resort to the integer constrainis described in (4.16)
and {(4.17).%



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

This chapter presents results for the base optimization
meodel described in the prior chapter and compares the
optimal results to solutions obtained by constraining the
base madel to approximate the actual allocation. The
base year for the analysis is 1989, In essence the base
optimization problem is to allocate the loads of
tomatoes contained in Tables 4.1 and 4.2 to the
processing plants with the seasonal capacities noted in
Table 4.3 so as te maximize variable profit to the
industry. The mathematical problem is expressed as
equation (4.10) subject to constraints (4.11)-(4,13),

Imposing constraint (4.14) on the mode! produces
what we shall call constrrained model A. This
allocation requires each processing region to receive its
actual weekly allocation from each county based on
FPTAB records. Constrained allocation A is thus an
estimate of the actual allocation of tomatoes to northern
and central California processing plants in 1989.
Constrained model B imposes the less restrictive
requirement indicated in (4.15), namely that the total
allocation across producing counties to a processing
region in 1989 equal its actual allocation.

5.1. Overview of Model Solutions

In total 3,733,600 low-solids tons and 3,720,530 high-
solids tons of processing tomatoes as defined in section
4.1 were available to be allocated in 1989 from the 13
major tomate producing counties in northern and
central California.”® Table 5.} provides an aggregate
revenue and cost breakdown comparison for the 1989
sclutions te the base model and constrained models A
and B.

The gross profit reported in Table 5.1 is calculated
as sales revenue less raw product, transportation, and
variable processing costs. Excluded are fixed costs

such as interest and depreciation on plant capital,
administrative costs, and marketing costs. The optimal
solution produces $16.14 million (1.3%) more gross
profit than constrained model B and $22.96 million
(1.9%) mere than constrained model A.

Comparison of the base and constrained model
solutions teveals evidence of modest inefficiency in
havling tomaioes as many in the industry have
suspected and as expected for a spatial industry under
uniform pricing--se¢¢ chapter 3, The average one-way
haul in the base model is 56.72 miles, compared to
66.66 miles for constrained mode! A and 59,28 milas
for constrained model B. The extra haulage transiates
inte approximately $7.41 million (9.3%) in additional
ransportation costs borne by the industry under the
estimated actual allocation {constrained model A). In
contrast, the transportation cost savings are small, $1.91
million, for the base model compared 1o constrained
model B.

Relative to the base model, constrained model B
only insures that each region receives its actual
aggregate allocation of tomatoes in each week. The
model is free to choose optimally the county of origin.
The small increase in transportation costs engendered
by addihg this constraint suggests that the higher
transportation costs observed for constrained model A
are due mainly fo misallocations of shipments to
processing regions based on county of origin rather
than to aggregate misallocations of tomatoes among
processing regions, [n other words, inefficient tomato
wansportation in California involves processors not
always procuring tomatoes from the least-cost
producing location, rather than some regions
processing 100 many or too few tomatoes,”

The figures on the average one-way tomato haul for
1989 indicate an interesting evolution to the pattern of

Table §.1. Aggregate Revenues and Costs for Tomato Allocation Models

Revenue/Cost($000,000) Base Model Constrained Model A Constrained Model B
Sales revenue $2,545.83 $2,507.96 $2,507.99
Raw prod. cost* 415.17 415.17 41517
Trans, cost 70.55 86.96 31.46
Process. cost 824.25 801.93 200.60
Gross profit 1,226.86 1,203.90 1,210.72

‘Raw product costs are based on prices of $53.90 and $57.50 per ton for low- and high-sclids tomatoes, respectively.
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tomate shipments in California. Collins, Birch, and
Mueller (1959} estimated the average one-way haul to
be 31 miles in 1956, but it was estimated to have
increased to 100 miles by 1973 (Brandt, French, and
Jesse--BFJ 1978). BFJ] speculated that haulage costs
would continue to increase because expansion of
existing processing facilities and long distance hauvling
wis a cheaper method of increasing production than
building new facilities closer to production sites. This
logic has proven to be incorrect, probably because it
ignored the role of entry into the indusiry. Even
though extant producers may prefer expansion of
facilities, new entrarts have incentive to locate near
producing areas, thereby gaining a cost advantage in
procuring raw tomatoes.”

Higher fransportation costs account for 31% of the
loss in variable profits from constrained model A
compared to the base solution. Cenversely, they
account for only 6% of the relative profit loss in
constrained model B. The rest of the profit gain to the
base model is obtained from shipping tomatoes to
maximize processing economies in large vs. small
plants, efficiently allocating high vs. low solids
tomatoes, and expanding relative production of
diversified products, which apparently vielded higher
profit per ton of raw product than did bulk paste in
1989. In particular, the base solution allocates 882,130
tons to the six paste-only processing plants vs.
1,189,860 tons for constrained model A.

Historically, diversified products such as canned
tomatoes have been high profit items for processors
{Brandt, Freach, and Jesse 1978), and our results may
reflect a continvation of this tendency to the present
time. For example, relatively high profits for
diversified products may reflect retums te popular
brand names such as Heinz, Ragu, or Hunts, or it may
reflect market power of large processors for various
processed products.™  Conversely, the bulk paste
market represents a classic competitive industry in that
the product is essentially homopgeneous, produced by a
large number of Czlifornia processors, and subject to
considerable import competition {see Table 2.1).%

On the other hand, 1989 prices for paste were high
relative to other recent years.™  Our analysis
congeivably understates profitability of paste production
by either over estimating costs of producing paste
relative to diversified products or failing to account for
remanufacturing activities that add value to bulk paste,
An additional cavest is our assumption of constant per-
unit selling prices for both paste and diversified
products. If superior returns to selling diversified
products are related to seller market power, then
allocating additional tomatoes to these markets as in
the base maodel sclution may reduce the price for these
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products and diminish their profitability advantage.

5.2. Optimal vs. Actual Allocations from Tomato

Producing Counties in 1989

The tomato harvest in California may extend up to 20
weeks, from late June to early November. To facilitate
reporting results from the model solutions, we identify
five "harvest seasons" in California:

Season 1  Weeks 1-3, "early harvest.” Rationale:
Production in weeks 1-3 is very low,
whereas it rises rapidly in week 4 to near
industry weekly processing capacity.
Wecks 4-8, ‘"early peak bharvest."
Rationale: Harvest is at or near peak
throughout this period, but several coastal
counties are not yet producing.

Weeks 9-13, "peak harvest." Raticnale:
Harvest is at or near peak and every
county is producing.

Weeks 14-16, "late harvest.” Raticnale:
Every county is producing, but harvest is
only about 25% of processing capacity
for these weeks.

Weeks 17-20, "very late harvest.™
Rationale: Production is very low and
only a few counties are producing.

Table 5.2 depicts the base model tomato allocation
from producing county te processing region for ezch of
the five processing seasons.”” The last two columns
in the table compare the total base model allocation vs,
the estimated actual allocation from constrained model
A

Fresno County is the primary source of eatly-season
tomarces, Season 1 Fresno County tomatoes are
shipped to all processing areas except northern Regions
| and 2 under the optimal solution. Fresno County
attains peak production during season 2, allocating 400
thousand or more tons during this time to each of
processing Regions 3-6. Colusa and Yolo Counties
also are major scurces of tomatoes during season 2.
Colusa County production is utilized under the optimal
solution primarily in the northern Regions, 1 and 2,
Season 2 production in Yolo County is allecated
mainly to its local area, Region 2, although 144
thousand tons flow southward into Region 3 (San
Joaquin County).

Yolo County becomes the largest producer during
season 3, harvesting nearly 750 thousand tons in 1989.
Over two-thirds of that production is consumed locally
in Region 2 under the optimal selution, with 100
thousand tons flowing south to Region 3 and 120
thousand tons flowing to coastal processing firms in

Season 2

Season 3

Season 4

Season S



Table 5.2,
Actual Allocations (contimres)

Tomato Shipments from Producing Counties to Processing Regions by Season: Optimal vs.

County Processing Season  Seasonl  Season  Season | Season Total: Total:
Region 1 2 3 4 5 Optimum Actual
Shipments in 000 tons
Colusa 1 129.04 62.76 151.80 210.25
2 19.97 278,73 57.43 .17 0.44 362,74 292.30
3 472 472 36,70
Contra 2 205 2.05 45.47
Costa 3 84.04 4,38 1.43 89.85 79.2]
4 19.10
5 2391 4429 0.03 68.23 15.13
] 1.23
Fresno 2 26.68
3 48.44  400.26 448,70 764.24
4 124.97 467.50 151.4% 743.56 516.20
5 48.06 424.33 6.88 479.27 560,00
6 G589 58400 35260 46,77 i5.82 1,0695.08 85993
Merced 2 2,46
3 0.56 30.82 31.38 3.9
4 . 29,30 2930 67.66
3 13.03 57.20 2.13 72.36 3287
6 88.43 22,73 15.16 126,32 152.37
Monterey 3 0.56 0,56 20.81
5 0.77 47.03 24.55 9,22 81.57 63.77
6 C 246 2.46 0.00
Sacramento l 0.56
2 223 11235 44.54 71.50 166,62 55.40
3 10.38 10.38 112.40
4 0.03 0.03 827
6 0.38
San 2 0.03
Benito 3 8,20
5 2372 42.13 1.79 137.64 60.26
& 1.57 1.57 7273
San 2 (.03 243 4.68 7.14 71.80
Joaquin k| 5601  263.15 74,66 30.68 424,50 170.42
4 129.45 120.45 183.12
5 1.87 1.87 110.08
6 1594 1594 4337
Region 5, the largest tomato deficit region,  Fresno tons during season 3 in 1989, processing three-fourths

County was the second largest season 3 producer in
1989, allocating two-thirds of its 500 thousand ton
production {0 Region 6 processors in Merced and
Fresno Counties, and most of the remaining one-third
to Region 4 processors in Stanislavs County.
Stanislaus County itself produced about 200 thousand
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locally, with the remainder processed in Regien 3,

San Joaquin County produced 390 thousand tons of
tomatoes during season 3 in 1989. They are allocated
on roughly a two-to-one basis to Regions 3 (the Jocal
region) and 4, respectively, Sutter County to the north
reached peak praduction of 365 thousand tons in



Table 52, {(continued)

Processing  SeasOon  SeAson  SEASOD SEAsSORl Season Total: Total:
Region 1 2 3 4 5 Optlmum  Actual
Santa 2 315
Clara 3 12.67
5 0.46 41.80" 20.08 62.34 53.35
G 8.36 0.05 8.41 1.59
Solano 1 0.77
2 77.04 0.63 86.67 15286
3 4751 26298 4,96 292 31837  228.81
4 7.22
5 2394 23.94 10.06
6 29.26
Stani- 3 71.40 49,00 120.40 98.34
slaus 4 156.64 156.64 £2.00
5 2556
6 8.25 12.19 0.31 2075 11148
Sutter 1 71,96  145.00 34.00 25096  106.39
2 39.72 20.37 0.26 6035 31452
3 1032 180.64 190.96 60.08
4 8.42
3 7.91
6 4.04
Yolo i 88,19
2 187 42199 52479 10445 9.80 1,062.90  673.70
3 144,31 102.19 0.33 24683  457.45
4 134.4%9
5 119.14 119.14 40.70
L] 3433
~ Reglonal 1 201.00 207.78 34.00 44278 406.17
Total 2 2391 70294 73430 25500 3230 1,748.45 1638.35
3 49.00 849.41 86834 84.00 3592 1,886.67 2071.38
4 21850  467.50 37338 1,059.38 1006.49
5 48.06 46250  434.00 90.78 1101 1,046.35  980.08
6 9590 53400 449 28 107.56 3379 1,270.53  1351.60
season 3. The optimal allocation calls for 145  producer at 95 thousand tons was San Joaquin County.

thousand tons to be processed locally in Region 1, and
for 180 thousand tons to be hauled southward across
Region 2 into Region 3. Sutter County’s western
neighbor Colusa County provided the other tomatoes
necessary to Region 1 processors: Sutter shipped the
remainder of its production to Region 2.

Production declines rapidly in season 4 (late
September to early October). Few tomatoes were
available during this time in Fresno County in 1985,
Yolo County remained the largest producer at 104
thousand tons, all of it processed locally in Region
2 under the optimal solutiot, The second largest
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Most of its production is also processed locally in
Region 3 under the optimal solution, The third largest
producer during season 4 was Solano County in Region
2, selling just over 80 thousand tons. Most of this
volume, too, was processed locally.

Finally, only small amounts of production were
available in any county during season 5. The leading
producet was San Joaquin County with about 35
theusand tons. Of this volume, 30 thousand tons were
processed locally in Region 3 under the optimal
solution with the other 5 thousand tons shipped north
into Region 2. The regional totals contained at the



bottom of Table 5.2 show the aggregate volume of
tomatoes processed in each region. The largest volume
is processed in San Joaquin County (Region 3) in
seasons 2 and 3, In season 4 Region 2, the Yolo and
Solano County area, is the largest processor. Four of
the six regions extend their processing through all five
seasons in the base model solution.

Comparison of the season wide optimal solution
with the estimated actual 198% tomato allocation,
columns 8 and 9, indicates that more interregional
shipments of tomatoes occurred than was optimal, In
general, the base model suggests that more tomatoes
should have been processed locally rather than hauled
across regions.”® In Fresno County, 320 thousand
tons of tomatoes that were hauled north into Region 3
would, according to the base model solution, have been
processed more efficiently in Region 4.

Similarly in Region 3, approximately 260 thousand
tons of San Joaquin production hauled into regions 2,
4, 5, and § would have been better processed locally.
In essence the base model recommends that Region 3
retain its local production rather than importing
tomatoes from Fresno County.

Similar conclusions hold for Yolo County in Region
2. The base model recommends that 74% of the 1,429
thousand tons of tomatoes produced in Yalo County be
processed locally. In reality omly about 47% was
processed in Region 2, The difference, roughly 400
thousand tons was hauled north into Region } (88
thousand tons} or south into Region 3 (211 thousand
tons over the base solution) and Region 4 (134
thousand tons).

The additioral Yolo County tomatoes processed in
Region 2 under the optimal solution then free up
tomatoes from Solano County to flow into Region 3
rather than remaining in Region 2. The optimal
sojution calls for only 87 thousand tons of Solano
County production to be processed locally (vs. 153
thousand actual tons). The difference, along with
modest amounts of production actually shipped into
Regions 4 and 6, are allocated 10 Region 3 under the
optimal solution. It is not surprising that Selano
County production is shipped to Region 3 processors
rather than tec Region 2 processots, because Solano
County production is primarily on the southeast side of
the County and is as close, cor closer, 10 a number of
the Region 3 plants than to some of those in Region 2,
This situation can be observed in Figure 5.1, an
enlargement of the map in Figure 4.1, to which the
approximate location of the roads by which production
is shipped to plants has been added. In this area and in

Region 5 geographical features reduce transportation
access from producers to plants.  In Regions 2 and
3 waterways limit access, and between Region 5 and

31

Figure 5.1. Roads Linking Region 2 and 3
Processors and Production
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Central Valley production areas there are fewer roads
due to the coastal range.

Region 5 is the major deficit processing region in
northern and central California due to urbanization as
discussed in chapter 2. The optimal and actual
allecation for Fresno County, the leading supplier to
Region 3, are fairly close, However, Contra Costa
County production presently shipped narth into Region
2 (45 thousand tons) is recommended to be shipped
south into Region 5. Other increased allocations into
Region 5 are called for from Yolo County (80 thousand
additional tons), San Berito County (77 thousand tons
presently allocated to Region 6), Merced County {38
thousand tons presently allocated to Region 4), and
Monterey County (18 thousand tons presently allocated
to Region 3). Conversely, reduced shipments are called
for from San Joaquin County {108 thousand tens to be
processed lecally instead), and Stanislaus County (26
thousand tons also te be processed locally).

The transportation mileage savings from
implementing the 1989 base model solution vs, the
estimated actual 1989 allocation is indicated in Table
5.3. The longest average hauls are incumed during
season 1 when most tomatoes are shipped from Fresno
County., The optimal solution achieves an average
mileage reduction of 10 during this time. Savings are
somewhat smaller, about 7 miles, during the early-peak
harvest of season 2. During the peak harvest period,



Table 5.3. Average One-Way Haul for Processing Tomatoes: Actual vs, Optimal Allocations*

Region Allocation Season 1 Season 2 Season 3 Season 4 Season 5
1 Actual 50.0 463 6.7 30.0 —_
Optimal — 330 25.8 16.0 —
2 Actual 75.8 31.1 27.6 1.2 28.0
Optimal C 249 16.1 21.2 28.8
k] " Actual 147.3 118.7 60.0 40.7 222
Optimal 151.0 97.0 48,9 16.4 19.0
4 Acmwal 75.7 79.0 60.7 56.8 50.1
Optimal 79.7 213 50.8 — —_
5 Actaal 124.5 134.1 94.7 55.5 92.1
Optimal 131.8 135.7 65.2 324 56.9
6 Actaal 51.9 51.5 47.7 733 38.5
Optimal 56.1 57.1 452 554 52.3
Total Actual 97.3 804 53.1 46.4 55.8
Optimal B7.8 737 417 284 35,5

*Missing values indicate that no tomatoes were processed in that region in that season.

season 3, the optimal 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 optimal solution vs. 95
actoally. 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,
respectively.

Table 5.4 provides an additional perspective on
tomatc transportation i 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 to information
for the peak harvest seasons, 2 and 3. As the major
tomato surplus area, Fresno County ships its tomatoes
the greatest average distances throughout season 2, with
an gverage haul of in excess of 100 miles. Conversely,
Yolo County tomatoes are shipped on average less than
30 miles during season 2.

With the onset of season 3, coastal counties begin
producing and shipping primarily to Region 5, enabling
Fresno County’s declining production te 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 haunls during
most of season 3 are incurred in shipping Monterey
County’s production of 47 thousand tons and Contra
Costa County’s 44 thousand ton harvest to Region 5
processors, Similarly high mileage is incumred in
shipping Sutter County’s season 3 harvest, because the
optimal solution calls for half 10 be allocated scuth into
Region 3.

Of course, mileage was generally higher under the
actual allocation estimated by constrained model A.
The average one-way haul in Fresno Connty, for
example, remains over 100 miles through week & and
above 90 miles for weeks 9-11. Weekly average hauls
of about 150 miles were estimated for Monterey
County in weeks 8 and 9 and 90-110 miles in weeks 10
and 12. Actual Yolo Couaty hauls are 5-15 miles more
for most weeks than under the base mode] solution,
Conversely, average actual mileages in Contra Costa
County are less than the base model mileages, ranging
berween 46-62 for weeks 7-13.”



Table 5.4. One-way Haul Mileages for Californla Tomato Producing Counties: Base Model Solution for

Peak Production Weeks"

W8 W¢ WI0 W11 Wiz Wi}

County W4 W5 Wwe w7
Colusa 445 417 376 348
C. Costa 300 323 364 392
Fresno 1203 1074 1052 937
Merced 650 690 690
Monterey

Sacramento

S. Benlte

8. Joaquin 10.0 10,0 16.0 24.0
5. Clara

Solano 280 296 36,0
Stanis. 420 428 436
Sutter 160 160 285
Yolo 100 213 193 317

273 236 23.3 228 229 33.0
71.0 706 710 T1.0 710 70.0
81.4 69.0 610 527 56.4 350
62.4 41.6 334 9.1 45.4 344
67.8 9%.0 670 686 690 G68.8
10.0 10.1 14.3 13.0 10.4 11.8

10.0 10,0 204 18.7 23,1
26.7 20.1 27.4 268 36.0 330
17,0 17.0 7.3 18.0 13.0 17.0
37.0 386 369 370 370 373
42.0 414 377 380 3646 38.8
427 31.7 692 78.2 554 65.3

314 143 390 359 413 40.3

“The optimization model assigns 4 minimum of 10 miles for each haul, so reported mileages equal to 10.0 denote
tomatoes processed in the immediate vicinity of the producing area.

5.3. The Estimated Value of Expanded Tomato
Production

Part of the selution to the optimization model
summarized in equations (4.10)-(4,13) is a set of values
or shadow prices that estimate the increase in the
objective function attainable by relaxing each constraint
otie unit. In this section we examine the prospects for
expanding (or, equivalently, reducing) tomato acreage
in each of the 13 producing counties. This analysis
must alse be interpreted with caution. First, growing
conditions may simply make it infeasible to expand
significantly the time period a county is in production.
For this reason, we consider expansion or contraction
only for those weeks in which 2 county was in
production in 1989, plus on¢ additional week at the
beginning and end of its 1989 harvest season,
Second, the estimated shadow prices report only the
incremental variable profit (loss) from growing
additional (fewer) tomatoes. They do not consider the
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availability and opportunity costs of the additional
resources, most notably land, that would be required to
expand tomato production, High land opportunity costs
due to urbanization have, for example, caused the
decline in tomato production in the Bay Area coastal
counties. Third, the shadow prices report the value of
a marginal (literally, one ton} expansion of production.
For decision making purposes, the relevant magnitude
of production change is often much larger, and the
value of a one-unit expansion may not be meaningful
in these cases.™

Tables 5.5 and 5.6 report the maximum incremental
value attainable by the industry from expansion of low-
and high-solids tomato production, respectively, in
cach of the 13 counties. These shadow prices are the
sales value of a ton of raw tomatoes in processed
product form less costs for transporation and
processing, all in terms of their 1989 values.” The
largest shadow value for each week is indicated with
bold lettering,



Table 5.5, Marginal Values ($/Ton) of Expanding Low-Solids Tomate Production

County w1 w2 W3 wd WS Wé W7 W3 w9 wWI1D
Colusa 188 209 203 162 158 156 157 162 154
Conira Cosin 194 200 208 166 162 162 162 167 160
Fresno 149 143 190 187 155 150 150 154 159 157
Merced 198 206 163 159 156 161 165 162
Monterey 156 160 165 161
Sacramento 160 160 165 158
San Benito 190 1635 169 166
San Joaquin 206 203 170 164 163 163 165 161
Santa Clara 167 173 166
Solano 202 168 162 162 162 164 160
Stanislans 209 166 161 161 164 164 162
Sutter 185 207 165 161 158 157 162 155
Yolo 211 207 165 161 159 159 164 157
County Wil W12 WI3 Wi4 WIS W16 W17 Wi WIS W2
Colusa 157 1563 180 198 202 206 210 197

Contra Costa 162 168 195 198 203 206 207 202 176

Fresno 159 166 196 195 205 209 206 199 174

Merced 162 168 198 197 207 211 208 201 176 174
Monterey 160 167 163 166 158 201 198 190 171 167
Sacramenta 160 166 163 200 203 207 211 201

San Benito 164 171 197 200 202 206 203 196

San Joaquin 163 170 197 195 204 207 208 205 179 183
Santa Clara 168 174 201 204 206 204 201 195

Solano 162 168 195 199 203 206 211 203 i)
Stanislaus 164 i70 198 166 206 210 207 200

Sutter 157 163 180 199 202 206 209 199

Yolo 159 165 192 201 204 208 213 201 174 178

Depending upon the week and the producing county,
an additional ton of high-selids tomatoes is worth 9 -
13 dollars more than an otherwise equivalent ton of
low-solids tomatoes. This information may be valvable
in structuring price premia for production of tomatoes
with high-solids content, Presently, some processors do
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not offer such ptemia, and, among those that do, the
magnitude of the premium is often less than the net
value of the incremental solids based on our
analysis,®  The difference between high and low
solids toratoes in the model was approximately three
tenths of a percent. This difference yields about 7



Table 5.6, Marginal Valves (¥/Ton) of Expanding High-Solids Tomato Production

County wi W2 W3 W4 W5 W6 w7 w3 w9 w10
Colusa 198 219 213 172 168 166 166 174 167
Contra Costa 204 210 217 176 172 172 172 177 170
Fresno 150 203 200 197 165 160 160 164 169 169
Merced 216 173 169 169 1N 175 175
Monterey 176G 175 171
Sacramento 170 170 175 168
San Benito 175 179 176
San Joaquin 215 213 179 174 173 173 175 171
Sania Clara 174 177 182 175
Solano 212 178 172 172 172 174 170
Stanislaus 219 176 171 17 174 174 172
Sutter 216 175 171 168 167 172 165
Yolo 201 221 216 175 170 169 169 174 167
County Wil WI12 WI3 W14 W15 WIs W17 WIS WI9 W20
Colusa 169 173 200 208 21} 216

Coatra Costa 172 178 205 208 213 216 216

Fresno 170 176 206 205 215 218 216 209 184

Merced 175 178 208 207 217 221 218 211 186
Monterey 170 177 203 206 208 211 208 200 181 177
Sacramento 170 176 203 210 213 217 221 211

San Benilo 174 181 207 210 212 216 213

San Joaquin 173 179 206 203 214 217 218 215 189

Santa Clare 177 184 211 213 215 214 211

Solano 172 178 205 208 213 216 221 213

Stanislaus 174 180 207 206 214 220 217 210

Sutter 167 173 200 208 212 216 220

Yolo 169 175 202 210 214 218 223 210

percent more output in products like paste and sauces.
The difference tetween the high and low solids
marginal values reflects the amcunt of product going 10
these types of products vs. whole tomato products,
which in turn depends on the assortment of diversified
or paste plant types operating within a region,
Because of the stable premia for high-solids
tomatoes, we can focus our discussion of the shadow
prices on the incremental values of low-solids
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preduction contained in Table 5.5. Very early-and very
late-season production was not particularly valuable in
1989 because processors were unable to operate at
capacity and often the tomatoes were hauled long
distances. During season 2, San Joaquin County
production usually had the highest value. San Joaguin
County in Region 3 is the location of seven tomato
processors with a joint weekly capacity of 191,500 tons
(Table 4.3). San Joaguin County, however, produces



almost no tornatoes in Season 1 and only 56 thousand
tons in season 2. Therefore, considerable volume must
be shipped from other producing regions. The gain
from decreased transportation costs makes San Joaquin
County season 2 tomatoes the most valuable production
in northern and central California, San Joaquin County
production peaked in 1989 at near 400 thousand tons in
season 3, obviating the need for long-distance hauls
and reducing the value of additional San Joaquin
County production during this time. Finally, San
Joaquin County production is again relatively very
valuable in weeks 18-20, season 5. This result reflects
that San Joaquin County processors have the capability,
due to the County’s ability 1o harvest tomatoes well
into the fall, to extend their processing season longer
than most rival plants,

The mast valuable peak-harvest (season 3) tomatoes
are grown it Santa Clara County. This result is not
surprising because that area, Region 3, is the home of
six processors and as we have noted is a significant
tomato deficit region, The ransportation cost savings
from utilizing local production makes it valuable, but
the demands of urbanization make it unlikely that
tomate production will expand in this area. «

Incremental Frasno County production is among the
least valuable in the State, especially through the first
three processing seasons. As the area’s major surplus
producing region, Fresro County tomatoes are often
shipped long distances as Table 3.4 indicates.
Presently, season 4 and 5 production in Fresno County
is very limited. but, as Tables 5.5 and 5.6 show, it is
considerably more wvaluable than ecarly-season
production, primarily becanse it can be used locally in
Region 6 rather than shipped elsewhere.

Region 2, the home of Yolo County, is the location
for six processors with joint weekly capacity of 155
thousand tons. The incremental value of Yolo County
production is also relatively low during most of seasons
2 and 3, reflecting the County’s large production and
statns as an exporter duzing this time into Regions 3
and 5. Yolo County production is especially valuable
during seasons 2 and 5 when, to date, only limited
praduction has taken place,

In peneral, the shadow prices show a relatively
consistent pattern across counties. They are lowest in
weeks 1, 19, and 20 due to high processing costs
generated by excess capacities. They also tend 10 be
low during the middle period, weeks 5-12, of the
processing season, when most plants are able to operate
at full capacity during harvest years similar ta 1989.
The highest marginal valucs were attained during the
early harvest in weeks 2-4 and then again during the
late harvest in weeks 13-18. This information may be
useful in devising price premia for early- and late-
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season harvests Lo give growers appropriate incentives
to fill these market windows® Higher late-season
prices are needed to compenssate for the higher risk of
late season production, typically lower solids Jevels and
thus price, and the lower proportion of ripe tomatoes o
be harvested,

A final caveat must be noted in examining the
change in the shadow prices from season to season.
Tomato solids are affected by changes in emperature
and day length and so early and late season tomatoes
have lower average solids than those harvested during
the height of the season. While this is reflected in the
model by a reduction in the proportion of high-solids
tomatoes available, the shadow values reflect the value
of the overall average solids levels (5.12% for low and
5.45% for high-solids tomatoes).

5.4. Optimal Allocations to Processing Plants

In this section we report information on the optimal
allocation of the 1989 harvest to the 32 tomato
processing plants included in the study. We continue
to designate firms according to their regional location
and also separate paste vs, diversified-products
Processors.

Table 5.7 summarizes the operating condition of
each of the plants for the 20 week harvest and
processing season. An ‘() designates that a plant was
operating under the optimal solution during the
indicated week, while an “X' designates that the plamt
was operating at capacity.™ The first plants to begin
operation under the optimal sclution are diversified-
products processors in Region 6. This outcome
corresponds to the earliest harvest occurring nearby in
Fresno County. Twelve plants encompassing five of
the six regions are in operation by week 3, including
all the plants in the Stanislaus County, Region 4, area,
Though havling distances are long for Region 5 plants
they are as close, or closer, to Fresno county
proeduction than processors in Region 1, 2, or 3: four
of the six Region 5 plants open in week 3, with the
remaining two beginning in week 4.

Week 4 marks the onset of season 2 and the peak
harvest period. Al diversified-products plants in
Regions 3-6 are operating at or near capacity during
this week and continue to operate at capacity through
week 12 under the optimal solution. All diversified-
products plants in northern Regions 1 and 2 are
operating at capacity by week five and continue to
operate at capacity through week 13, meaning that all
diversified-products plants in the study operated at
capacity for at least nine weecks under the optimal
solution for the 1989 harvest,
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As noted, under the cost and revenue information
compiled for this study, bulk paste production was
generally less profitable than preduction of diversified
products. Thus, the six paste plants in the study tended
to operate fewer weeks than the diversified-products
plants, The three paste plants located in Region 6
began operating in week 5, two operated at capacity for
weeks 5-11 and 2l these had ceased operation by week
12, The cessation of operaticns at this time coincides
with & sharp decline in availability of production from
Fresno and Merced counties. The other three paste
plants are focated in Regions 1, 2, and 3. They follow
an operating cycle similar to the Region 6 plants, Two
begin operating in week 5, and the third in week 6.
Two continue operating through week 12, with the
other stopping after week 11.

With the onset of season 4 in week 14 a number of
diversified-products processors cease operating under
the optimai solution. All Region 4 processors shmt
down for the season during this week. The highest
concentration of production during season 4 is in Yolo
County. This production is all consumed locally in
Region 2 under the optimal solution and is sufficient to
sustain two Region 2 processors’ operations through
week 16,

All but a few processors have shut down by the
beginning of the very late Season 5 harvest. The
tomatoes that were available to be processed were

spread across a large part of the area, including the
southern (Fresna County), central (San Joaquin
County), Northern (Yolo County), and coastal
(Monterey County) regions. The response under the
optimal selution to this harvest scenario is essentially
to designhate one plant in each producing area to recsive
that area’s production. For example, a single processor
remains in operation it week 17 in Regions 2, 3, 5, and
6, although with one exception the plants are unable to
operate at capacity.” Interestingly, the plant that
remains open during this time under the optimal
solution is not necessarily the largest plant in the
region. Based on our size classifications set in chapter
4, two of the plants operating in season 5 are small,

~one is medium, and two are large.

It is important to use caution in interpreting results
when plants are operating considerably under capacity.
In these cases the non-linear algorithm used to find the
optimal allocation may be unable ta "see" an alternative
better allocation, even when onc exists, The algorithm
moves from one allocation to another by choosing to
move in the direction which gives the highest
improvement in the objective function, Given the
benefits to operating at capacity, or more accurately in
this case the costs of not doing so, it is possible for
the algorithm to get "stuck” on one allocation because
decreasing the allocation to one plant increases per unit
cost more than the profits gained by moving a single

Table 5.8. Excess Tomato Processing Capacity by Region: 1989 Harvest (000 Tons)

Reg, W1 w2 w3 w4 Weé W7 w3 we Wwio
I 460 46,0 46.0 29.0

2 155.0 1550 131.1 520 20.1

3 "191.5 191.5 142.5 28.1 23,0 223 10.2 22.5 25.0

4 03,5 62.0

5 B2.5 92.5 44.4

6 132.5 B9.6 81.0 81.0 11.0 17.9
Reg. Wil WI2 W13 W14 W15 Wi w17 Wi w19 W20
1 17.0 29.0 29.0 46.0 46.0 46.0 46.0 46.0
2 13.7 27.0 790 3.2 79.0 122.7 155.0 1350 155.0
3 14.2 25.0 250 1715 15%.5 159.5 171.5 179.5 189.7 189.4
4 0.6 93.5 93,5 93.5 93.5 93.5 93.5 93.5
5 28.5 55.1 52.6 79.0 83.1 92.5 90.9 925
6 248 21.0 81.0 955 955 100.4 110.6 1233 131.3 133.0
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ton to ancther plant. Unfortunately this result can keep
the program from testing whether a complete
reallocation of tomnage from one plant to the other
would be an improvement. Table 5.8 reports
weekly excess processing capacity by processing
region. A fact of tomatoe 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
seasons. The industry has moved in two directions to
better utilize plant capacittes: (1) the harvest has been
extended in some cases up to 20 weeks as this report
documents, and (2} some plants use nonharvest weeks
to remanufacture paste into other products, Our
designations of operating condition in Table 5.7 or
excess capacity in Table 5.8 refer only 10 the primary
harvest, and do not take account of these
remanufacturing activities.

The greatest early-season excess capacity is in the
San Joaquin 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 becomes the main surplus processing capacity area.
Under the optimal solution for the 1989 crop, the three
Region 6 paste plants shut down after week 11, while
one of the diversified products plants 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 selution. Region
4 operates at full capacity for 10 weeks from week 3
through week 12, region 5 operates at full capacity for
weeks 412, while Region 1 operates at full capacity
for weeks 5-12.

Analogous to the shadow prices derived for county-
level raw tomato production, the base model solution
also includes marginal values on plant capacity
censtraints. For 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 operating at capacity, to plant j (i.e., relaxing j’s
capacity 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 weeks--seasons 2 and 3. The plant
designated in each week as "Mar" is the marginal plant
for that week because it is not operating at capacity. In
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other words, it is the plant that is likely to lose
tomatoes 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
ten of tomatoes to the plant in question net of the loss
to the plant which otherwise would have processed it
and the addirional wansportation 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 augment variable profit by
more than $55/ton during weeks 5-8. The comparative
advaniage to a Region 6 processing location during this
period reflects the large Fresno County harvest during
season 2. With the onset of season 3, Region 2
capacity becomes the most valuable, reflecting Yolo
County's staws as the leading tomato-producing county
during this time.

The value of additional processing capacity for
diversified-products plants generally wvaries between
£40-55 per ton during weeks 5-11. The values are
usually about 8% lower in Region 5, reflecting the long
haul that is necessary to bring tomatoes to this region.
The shadow prices exhibit a pronounced decline in
week 12 and then again in week 13, reflecting the
declining harvest during this period in 1989, especially
in Fresno 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 operate, they are the "marginal" plants that
would lose tonnape if diversified plant capacity were
expanded as envisioned by the shadow price analysis.

Finally, we tum to analysis of transportation
mileages for shipping product to the 32 processing
plants. Table 5.10 contains the estimated average
mileages by season under the base model solution and
the overall average across seasons. The overall average
mileage from constrained model A, the estimated ectual
ouicome, 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 plants operating at
this time 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
cne-way hauls in excess of 100 miles during this
period, reflecting that only 56 thousand tons were



Table 5.9, Marginal Values ($/Ton) of Tomato Processing Plant Capacity During Peak-Harvest

Seasons for the 1989 Crop

Region Plant W4 W5 weo W7 w8 w9 w10 w11 w12 W13
Diversified-products plants
1 1 375 418 4346 444 399 40.4 44.4 38.3 i1.3
2 1.4 42.6 469 499 307 46,1 3.6 50.7 a4.6 17.5
2 I 4.4 454 499 517 517 46.5 536 51.7 45.6 18.5
2 7.0 458 531 549 549 49.8 569 54.9 438 21.8
3 40.4 447 46.5 46.5 41.9 48.6 46.7 40.4 135
4 38.3 43.1 449 449 40.4 47.1 45.1 388 12.0
5 87 499 542 560 554 503 574 554 49.3 223
3 1 3.2 46.5 50.8 508 43.4 48.2 50.3 48.4 423 15.2
2 10.5 42.9 47.2 47.2 47.2 45.7 42,1 47.2 41.1 14.0
3 0.3 42.8 47.1 471 47.1 45.6 490 47.1 41.0 130
4 Mar 6.1 41.7 422 422 40,7 44.2 42.2 36.1 9.1
5 359 40,2 40.2 40.2 387 422 40,2 34.1 71
6 40.6 449 449 449 43.4 46.9 445 3838 i1.8
7 41.5 458 47.6 47.6 442 49.8 47.6 41.5 14.5
4 1 19.4 518 56.1 56.1 526 47.5 49.1 47.1 41.0 139
2 19.3 51.7 56.0 56.0 52.5 47.4 49.0 47.0 409 13.9
3 8.0 42.3 423 izs 337 362 34.2 28.1
4 14.1 46.5 50.8 508 47.3 42.2 438 41.8 357 3.6
5 1 408 45.1 435.1 41.6 378 40.2 43.1 356 99
2 40.4 447 447 41.2 374 393 413 338 E.l
3 383 426 416 39.1 353 378 392 37 Mar
4 6.2 356 429 429 394 343 41.2 193 332
5 53 377 420} 420 385 334 40.3 3B4 323
6 56 427 47.0 470 435 g4 454 43.4 373 10.3
4] 1 153 477 52.0 520 48.5 43.4 43.4 43.0 364 6.4
2 224 54.7 59.0 59.0 35.5 50.4 50.4 50.0 434 13.1
Paste plants
6 1 Mar 6.2 6.2 Mar
2 62 105 105 70 19 3.5 1.5
3 2.0 6.3 6.3 io Mar Mar Mar
other 1 39 5.7 5.1 7.1 5.1
2 29 Mar Mar 5.9 3.9
3 2.0

harvested during season 2 in San Joaquin County
during 1989,

Production is widespread across the state during
season 3, causing 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 haul 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 5 firms
who remain in production during this period, however,
generally continue to incur the longest havls,
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Table 5.10. Average Shipment Mileages for Tomato Processing Plants by Season: Optimal vs. Actual

Allocation
Reg. Plant Season 1 Season 2  Season 3  Season 4 Season 5 Totsal: Total:
Optimum Actual
Diversified Products Plants

1 1 60.8 49.0 542 740
2 301 16.0 16.0 219 i1.0

2 1 40.6 25.0 16,0 331 8.1
P 12.4 10.0 204 ZR.8 14.3 18.7

3 244 10.0 16.4 446

4 26.0 17.4 21.2 859

5 38.5% 320 200 18.5 249 311

K} L 15105 114.4 739 99,2 124.3
2 108.7 360 723 87.7

3 109.0 51.3 80.2 G1.7

4 593 10.0 16.0 2.2 291 48,9

5 24.0 0.6 57.3 BR.7

& 120.8 38.0 194 101.4

7 41.0 40.9 18.0 17.6 345 46.4

4 1 88.0 88.0 478 69.7 %5.4
3 75.0 75.0 51.1 65.1 60.4

3 85.0 85.0 452 671 54,1

4 750 750 680.4 68.4 &61.7

5 I 123.0 123.0 18.8 20,1 56.8 63.4 825
2 127.0 112.7 426 55.5 78.1 105.5

3 129.0 123.6 639 99.3 112.6

4 137.4 714 108.5 1194

5 143.0 97 4 122.8 1372

& 153.0 152.5 84.7 27.0 112.5 115.1

6 1 80,0 60.0 55.6 58.1 63.9
2 55.0 55.0 53.7 55.4 52.3 54.5 599

Paste Plants

5] 1 500 63.8 67.9 18.9
250 250 250 108

3 68.0 292 ' 51.4 874

Other 1 17.0 17.0 17.0 318
2 10,0 10.0 10.0 25.0

3 204 66.6 532 52.5
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Among the 32 processors, 27 incur shorter hauls
under the optimal solution than were actually incurred
based on the solution to constrained model A, The
one-way haul savings for the two Region 1 diversified-
products processors are each 10-20 miles, In Region 2
the savings vary across processors, ranging from a high
of 45 miles to a low of about five miles. The optimal
haul mileages in Region 3 are 10-25 miles less than the
actual allocation for five of the seven diversified-
products processors; one is estimated to save over 30
miles.

Mileage in Region 4, the Stanislaus County area, is
not reduced significantly under the optimal solution.
In fact, three of the four processors incur longer hauls
under the optimal solution. Although the base model
solution differs in a number of respects from the actual
allocation for Region 4 (see Table 5.2), the upshot is
that this centrally located Region can procure tomatoes
from Fresno, Merced, San Joaquin, and (southern) Yolo
Counties without affecting haulage costs in a
significant way.

The average mileage savings for optimal vs. actual
allocatons in Region 5 also vary considerably.
Mileage is reduced by about 15 for four of the six
diversified-products plants, while it changes little for
the other two. In Region 6 the two diversified products
plants achieve modest mileage savings under the
optimal solution becanse more Fresno County
production is allocated to them. However, two of the
three Region 6 paste plants end up with longer hauls
under the optimal solution than recorded in actuality.

5.5. Conclusions

Analysis of the base model soluticn for allocation of
the 1989 processing tomato crop relative to the
estimated actual allocation of the crop revealed modest
inefficiency in allocating the crop among processors.
In particular, the comparison suggests that too much
interregional hauling takes place. The additional
variable profit generated by the base mode! solution
works out to $3.08 per ton of raw tomatoes for the
1989 crop. Based on approximately 290 thousand
loads of tomatoes harvested from the 13 counties
during 1989 and 9.94 average miles of reduced haulage
under the base model, we compute that 5.8 million
additional miles (round-trip) were traveled hauling
tomatoes in 1989 than if the base model solution bad
been implemented.

Several factors contribute to the divergence between
the optimal and actual solutions. Moest important
perhiaps is the industry’s use of a uniform pricing
structure.  As chapter 3 illustrated, uniform pricing
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almost certainly leads to additional transportation
compared to an FOB pricing scheme. In particular,
uniform pricing facilitates overlap of market areas and
interregional competition among processors. Growers
located proximate to processing facilities cross
subsidize prowers at remote locations under uniform
pricing, Indeed, comparison of the base mode] and
actual allocations in Table 5.2 confirms that a greater
amount of interregional shipment took place under the
actual vs. optimai allocation.

As we have noted in this report, important factors
support the industry’s use of uniform pricing and
interregional hauling. It moderates risks due to local
crop failures, a factor our analysis was unable to
consider. Tt also enables processors, such as those
located in Region 5, who lack a substantial base of
local production, to be competitive in procuring
tomatoes from other regions,

Long-standing contractual relationships berween
growers and processors may also contribute to the
divergence between the optimal and actual allocations.
Market participanis may prefer the stability of these
arrangements even though geographical shifts over tme
in production and processing locations suggest the
utility of alternative sllocations. Furthermore, our
analysis was unable to incorporate unique technological
or market advantages that some processors may enjoy.
Firms that occupy particularly lucrative niches in the
market for processed preducts or employ superior
processing technologies will be able to profitably haul
tomatoes longer distances than can the prototype
processing firms modeled here.

Thus, this analysis should not be construed as an
indictment of present industry practices. Indeed, given
all the complicating factors that intervene in the
independent production and marketing decisions of
nearly 500 growers and 32 processors, it is perhaps
remarkable that the variable profit generated by the
optimal vs. estimated actual allocations differ by only
1.9%. Rather, the potential utility of this analysis lies
in suggesting potential altematives 1o prevailing
practices.  For example, whereas it is probably not
feasible to adopt fully the optimal solution, some of the
reduction in cross-region hauls produced by the optimal
aliocation may suggest profitable alternative contracting
opportutitics for both growers and processors.
Similarly, the shadow prices for additional production
by location, season, and soluble solids content offer
guidelines for structuring price premia to achieve the
desired harvest characteristics. Plant capacity shadow
prices, in tumm, suggest locations, based on the 1989
harvest pattern, where additional production capacity
would be best utilized. We extend this analysis in the
next chapter by simulating the development of new



processing plants at key locations in the state. We also product returns by simulating a long-run equilibrivm
address the dichotomy between paste and diversified-  wherein returns are equated across product forms.



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

The base model described in chapter 4 and analyzed for
1989 indusiry conditions in chapter 5 can be altered to
perform a varety of "what if' simulations, For
example, the effects of changes in the magnitude and
location of raw product preduction can be analyzed, as
can the entry and exit of processing plants. Similarly,
the effects of changes in economic variables such as
processed-product prices, raw-product prices,
processing costs, or transportation costs can be
simulated. To contain the scope of this analysis, aur
focus in this chapter is limited to two types of
simulations:  First, we will examine a long-run
equilibrium formulation where paste- and diversified-
product returns are equated. Second, we examine the
effects of establishing a new processing plant in Region
1 and in Region $.

6.1. Loog-Run Competitive Equilibrium

An important feature of the analysis for the 1689 ¢rop
year was that variable profits for processing diversified
tomato products exceeded significantly the variable
profits from processing bulk paste only. As noted, this
profitability differential appears to have persisted in the
industry for some time and may reflect the market
power of diversified-products processors or rents to
well-known diversified-products brands.

In a competitive industry market forces can be
expecied to react over time to eliminate such profit
differential among alternative product forms,
Specifically, profit-seeking behavior will canse raw
tomatoes to flow inte their highest valued processed-
product use. This increase in the volume of diversified
products supplied and decrease in volume of bulk paste
would, in turn, reduce the profitability differential
between them until in the long run marginal returns
would be equslized across alternative product forms.

Mathematically this notion can be expressed as
follows: Let P,,...,P, represent finished product prices
for n product forms, W represent the uniform raw
tomato price, and ¢,,...,c, represent variable processing
costs. Finally let &,,..,A, represent the ratic at which
raw product is converted into processed product for
cach of the n product forms. Then market forces will
work to establish the following long-run equilibrium
condition:

W= (P -c)= AP -c) = .. = A (P -c),
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i.e., processed product prices net of variable processing
costs and adjusted for differential raw-to-processed-
product conversion are equated across product forms,

In California this movement of tomatoes into
diversified tomato products is constrained in the shont
run by the capacity of the diversified products plants as
illustrated in the chapter 5 analysis, Long-run
adjustments to equilibrivm may require expansion of
processing capacity for diversified products or
increased remanufacruring of bulk paste into the higher-
valued diversified products. Three paste plants
undertake currently remanufacturing activities at other
California processing plant sites. For purposes of this
analysis the adjustment to long-run equilibrium was
simulated in a simple way: the bulk paste products
price was adjusted upward® to equate net returns for
processing diversified and paste products in a medium-
size plant, This type of market adjustment could, for
example, reflect changes in the international market
that either increased U.S, paste exports or decreased
paste imports.

To facilitate comparison with chapter 5 results, we
once again use 1989 values for temato production,
prices, and costs. The most obvious change in the
maodel solution from equating paste- and diversified-
preduct returns is that the six bulk paste plants in the
stady receive a considerably greater allocation of
tomatoes under the optimal solution; 1,057,000 tons
vs. 882,130 tons under the solution based on acteal
prices, which henceforth we refer to as the base model
solution (BMS). One paste plant in Repion 6 {Fresno
and Merced Counties) now begins operation in week 3
vs. week 5 under the BMS, The other two still begin
operation in week 5; all three operate at peak capacity
every week. One plant shuts down after week 10; the
other two continue to operate at capacity through week
11.

The two paste processing plants in Regions 1 and 2
initiate operations in week 5, the same as under the
BMS, but under long-run equilibrium all open and
operate throughout at capacity vs. operating at less than
capacity in three instances under the BMS. Only the
Region 3 plant ever operates at less than capacity in the
long-run equilibrum. In sum, additional output
flowing to the paste plants under this scenario is
pencrated by a combination of modest expansions at
the beginning of the processing season and, with the
exception of the Region 3 paste plant, operation at full
capacity throughout the season.



Table 6.1. Allocations and Mileages for Base vs. Long-Run Equilibrium Models

Region Base Mode] Allocation Long-Run Equilibrium Alloe,
Total shipment Avg. one-way Total shipment Avg, one-way

{000 tons) mileage (000 tons) mileage

1 442 .8 28.34 43539 28.39

2 1748.4 2091 1780.2 20.80

3 1886.6 71.17 1391.3 69.46

4 1059.4 67.67 1028.6 68.54

5 1046.4 96.49 976.8 96.52

6 1270.5 5257 1337.3 5191

The long-rur equilibrium solution has little impact on
ransporiation costs for the indusiry. The average one-
way mileage falls to 557 vs. 56,7 for the BMS,
generating a savings of $780,000. Table 6.1 illustrates
the reasons for the reduced haulage. Region 6 paste
plants utilize greater amounts of Fresno and Merced
County production, resulting in less long-distance
haulage into regions 5 and 3. On a lesser scale the
same phenomenon applies to Region 2, the other major
tomato surplus region. More tomatoes are consumed

locally and fewer are exported to Region 5 and
elsewhere.

To cbtain further information on how the tomato
allocation pattern would be affected by equality in
paste- and diversified-product returms, we examine the
optimal allocation of tomatoes by processing season in
Table 6.2. For parsimony of presentation, we examine
only the peak processing seasons, 2 and 3, and only
those counties where a significant reallocation from the
BMS (depicied in Table 5.2) would occur,” The

Table 6.2. Allocations by Season for the Base vs. Long-Run Equilibrium Models

County Region Season 2 Allocation Season 3 Allocation

Base Model

L.R. Equil. Base Model  L.R. Equil.

Shipments io M0 tons

Contra Costa 3 34.04
5 23.91

Fresno 3 400,26
4 467.50
5 424,33
6 584.00

Merced 3 3082
4
5 13.03
b

Solano 2
3 4751
5

Yolo 2 421.9%
3 14431
5

103,81 4.38
4.15 44,28 03
380,26
467.50 151.45 146.27
424.43 6.88
604.00 352.60 35547
33.54
29.30 5238
10.32 57.20 45.40
B§.43 77.14
0.41 5.24 524
47.11 262,98 262.98
18.70
433,58 524.79 530.99
132,71 99.81 108.13
121,51 136,99




major season 2 reallocation that would occur under
long-run equilibrivm would involve processing locally
about 20,000 tons of Fresno County production that
under the BMS were shipped mainly into Region 3,
which is replaced by Contra Costa production which
had been shipped 0 Region 5.

In season 3 Fresno County production has begun to
wind down and the base model and long-run
equilibrium aliocations are quite similar. The major
change would occur in Region 2, where 15,000 tons of
Yolo County production and 18,000 tons of Solano
County production would be processed locally rather
than be shipped into Region 5. Regions 5 and 6 would
lose shipments from Merced County, whare 22,000 tons
would be processed locally instead.

Because the long-run equilibrium simulation is
invoked by raising paste prices to equate variable
returns from paste- vs. diversified-products production,
the marginal value of raw tonnage correspondingly
increases during all weeks when diversified-products
plants operate at their joint capacity. Exeept when
transportation cost differentials for allocating & ton of
tomatoes between a paste- vs. a diversified-products
plant were exireme, the ton would be aliocated to the
diversified-products plant up o its capacity in the BMS
due to its higher variable profit per ton. Thus, during
early- and late-season harvests when significant excess
processing capacity exists, marginal values of
additional raw tonnage were, thus, generally based on
their contribution to profit in a diversified products
plant. During seasons 2 and 3 when most diversified-

products plants operated at capacity, marginal values of
additional raw tonnage were based upon their
contribution to profit in a paste plant and, thus, were
generally lower,

Table 6.3 shows the increase in value for incremental
low-solids tomato tonnage in the peak seasons for the
long-run  equilibrium  simunlation vs. the BMS.
Although the majority of paste processing capacity in
the model is located in Region 6 (81,000 1ons/week vs,
69,000 tons/week in all other regions), it is interesting
to observe that the incremental values of raw product
tonnage increase almost uniformiy across the 13 major
producing counties. This result illusirates the close
interlinkages in the industry. Although the immediate
impact of increasing bulk paste prices is to increase the
value of tomatoes grown near the paste plants, e.g., in
Fresno County, tomatoes grown in other areas become
corespondingly more valuable as they are reallocated
in the optimal solution to compensate for the additional
tonnage flowing to the paste plants,

A further effect of increasing rewrns from paste
production relative to diversified products production is
that shadow values on capacity constraints decrease for
diversified-products plants and increase to about the
same level for paste plants. Similar to the county-level
raw product shadow values, the marginal values for
diversified-products plant capacity decreased nearly
symmetrically across plants. In the long-nn
equilibrium model the two main factors differentiating
profitability among plants are (1) access to tomato
production and (2) economies of size in processing,

Table 6.3, Additional Marginal Values (%Ton) of Low-Solids Tomatoes:Long-run Equilibrium vs. Base

Model Solution

County WS Wwoé W7 W8 w9 W10 Wil Wi2 W13
Colusa 25 7 7 16 27 40 34 25 0
Contra Costa 22 7 7 16 26 40 34 25 0
Fresno 22 7 7 16 27 40 4 25 0
Mereed 22 7 7 16 27 38 34 25 0
Monterey 22 7 7 16 26 38 34 25 0
Sacramento 25 7 7 16 27 40 34 25 0
San Benito 22 7 7 16 27 38 34 25 o
San Joaquin 20 6 7 16 26 40 34 25 0
Santa Clara 22 7 7 16 26 40 34 25 0
Solano 21 7 7 15 26 40 34 25 0
Stanislaus 22 7 7 14 27 40 34 25 0
Suner 25 7 7 15 27 40 34 25 O
Yolo 25 7 7 16 27 40 34 25 0

47



6.2. The Impact of New Plant Entry in California
Tomato Processing

In this section we analyze the impact on the processing
tomato industry of establishing new processing plants.
The hypothetical plants were located stratepically in
surplus production areas. One plant was located in
Region 6 in Ripperdan, near Fresng, while the other
was located in Region 1 in Dunnigan (northern Yelo
County). Figure 6.1 illustrates the location of the
hypaothetical plants. Both hypothetical plants were
assumed to process diversified products and to have a
"arge" weekly capacity of 30,000 tons.

For purpnses of conducting the new-plant
simulations, several changes in the base model were
implemented to provide the most realistic assessment of
the effects on the industry of new entry. First,
production levels and locations were updated to 1990,
This year was chosen because it represents updated
information from the 1989 base vear, Production in
1590 was up somewhat over 198% levels to 9.3 million
tons, which may represent 2 typical production year for
the industry.®  Second, the existing processing
capacity in the industry was updated to account for
entry that had occurred between 1989-90.* Finally,
the new plant simulations were conducted under the
assumption of long-run eguilibrium (i.e., paste- and
diversified-product variable profits were equated). The
long-run equilibrium zssumption effectively makes the
choice of paste only vs, diversified-product production
for the new plants unimportant,

To assess the impact on the industty of each
hypothetical plant, we compare the optimal tomato
allocation for the industry for a 19%0 base model
without either new plant with the optimal allocation
that results when each plant is added to the industry.
Despite the addition of the two paste plants in Region
6 in 1990, our analysis sugpgests that another plant in
the Region would also be a magnet for raw tomato
production. Under the optimal allecation the Ripperdan
plant operated during weeks 1-17 of the harvest season,
and operated at capacity for weeks 2-13 and 16. The
plant processed 454000 tons of tomatoes. The
hypothetical Dunnigan plant in Region | also attracted
a significant velume of tomatoes. It operated in weeks
3-13 in the optimal solution with all but the initial
week representing capacity operation. Tetal seasonal
tonnage for the plant was 326,500,

The sources of production for the new plants reflects
the strategic choices of locations made for them. The
Region & Ripperdan plant procured its raw tamate
supply solely from Fresno County through week 12,
at which point it also sourced from Merced County

48

through week 17 with minor help from San Joaquin
County. The Region | plant was located in Cunnigan
in an area where no plants are located presently to give
it hegemony over production in Ceolusa and Sutter
Counties. Under the optimal solution the Dunnigan
plant was able to procure supply exclusively from
Colusa County for weeks 4-8 and 10-12. Tonnage was
also drawn from Sutter County in week 9, and Yolo
County helps in weeks 3 and 13, TIn total 95% of the
plant’s tonnage was obtained from Colusa County.

Among the most interesting and important dynamics
of new plant entry are its impacts on the overall
optimal tomato allocation pattern and, specifically, on
competing processors. Tables 6.4 and 6.5 provide this
imformation.  Table 6.4 compares optimal 1990
allocations te each plant for the base model and the
models with new plant entry. Table 6.5 indicates
optimal 1990 allocations from producing counties to
processing regions for the same set of models.

The tables indicate that interrepional competition to
procure tomatoes effectively links processors across
northen and central California.® Entry (or,
equivalently, exit) in one region affects processors in
almost every other region. The hypothetical Ripperdan
plam, although located south in Region 6, affects
supply to processors in all regions and has significant
effects on processors in Region 5 as well as the local
Region, The hypothetical northem piant in Dunnigan
has only a minor effect on total supply allocated to its
Region 1 counterparts because the Region is a
sipnificant surplus producer but, rather, affects supply
to processors in each of the other processing regions,
including the southern Region 6.

In each new-plant simulation, the region losing the
greatest volume of tonnage is coastal Region 5, which
loses 63 thousand tons (5.5% of total) from entry of the
Ripperdan plant and 48 thousand tons (5.0% of total)
from entry of the Dunnigan plant. This latter result is
particularly striking since Colusa County, which
supplies 85% of the Dunnigan plant’s tomatoes under
the optimal allocation dees not supply any tomatoes to
Region 5 under the 1990 base model allecation,
Rather, the tonnage is lost from Yolo County, where
production ronted to Region 5 in the base model is
allecated to processors that had procured Colusa
County production prior to entry of the Dunnigan plant.

These simulation results indicate the comparative
vilnerability of Region 5 processors to new
competition as a consequence of having to source
tomatoes from long distances. The fact that the
optimal allocations for the models with entry reduce
tomato flows into Region 5 relative to the base medel
allocation imply that Region 5 processors could be out



Hypothetical Plant Locations




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

Region Plant Base 1990 New Ripperdan New Dunnigan
Solution Plant Plant
Diversified-products plants

1 1 106 108 108
2 204 204 204
3 327

2 1 297 267 295
2 504 503 503
3 135 135 122
4 115 115 104
5 547 551 520

3 1 539 539 539
2 297 297 257
3 270 270 270
4 165 148 147
5 112 8o a9
6 200 200 200
7 260 280 280

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

5 1 194 196 191
2 165 162 159
3 79 81 83
4 150 119 125
5 06 64 67
6 285 288 287

& 1 173 174 173
2 613 500 610
3 454

Paste plants

L] 1 162 135 135
2 180 180 186G
3 306 233 272
4 (new) 264 264 264
3 (new) 180 160 180

other 1 153 136 118
2 216 189 186
3 148 75 75
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bid for these tomatoes in actual competition by
processors exploiting locational advantages.

In contrast to the hypothetical Dunnigan plant the
Ripperdan plant has a major impact on its direct
competitors in Region 6. Whereas 294,000 of the
326,500 tons processed by the Dunnigan plant are lost
on net outside of Region 1, only 227,000 of the
454,000 tons processed by the Ripperdan plant are lost
on net outside of Region 6. One of the diversified-
products processors in Region 6 lost net tonnage to the
new plant as did two of the three established paste
processors angd ¢ne of the two new paste processors.

A perhaps unexpected outcome documented in Table
6.4 is that competitive entry actually benefits some
existing processors, The optimal solution for either
new plant model shows a few processors gaining net
tonnage relative to the base model. The reason is that
increased competition for raw preduct tonnage causes
some plants to begin processing later and stop
processing earlier in the harvest season. Thus, although
enfry means an increase in overall competition, during
some weeks of the season fewer firms on net are
competing for tomatees, enabling some firms to attain
a greater volume of product despite entry.

The average one-way hauling distance under the
optimal solution for the 1990 base model is 53.7 miles.
This mileage is down from the 1989 base model
solution due to establishment of the two new paste
processing facilities in production-rich Region 6. As
bid for these tomatoes in actual completition by
unexpected, eatry of new plants further reduces haulage
costs relative to the base solution. Average one-way
mileage with entry of the Ripperdan plant was
estimated to be 50.1 vs. 51.4 with entry by the
Dunnigan plant. Savings to the industry from reduced
haulage are estimated to be $2.8 and $1.8 million for
the Ripperdan and Bunnigan plants respectively.

Average mileage for the new plants themselves were
near the consrained minimum, 11.7 for Dunnigan and
14,3 for Ripperdan, reflecting the strategic choice of
their location in surplus-producing regions. Haulage
distances for most established plants were either little
changed or decreased under solutions to the models
with entry vs. the base model. Reduced haulages most
often reflected lower tonnage flowing to plants that did
not source distant production in the more competitive
market environment,

Region 5 was an exception to this conclusion for the
model with entry by the Dunnigan plant. Three
processors from this region incurred substantially
greater hauls as a consequence of the entry even though
two of the three incurred significant reductions in net
tonhage. This result again emphasizes the precarious
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status of the Region 5 processing plants.

Our analysis in this study has focused on variable
costs for tomato processing plants, and, lacking detailed
information on the capital costs of constructing
processing facilities in Ripperdan or Dunnigan, it is
beyond our scope to offer a specific recommendation
as to the overall profitability of such an investment.
Both hypothetical plants, however, gencrate high
variable profits relative 10 existing plants in northern
and central California. The Ripperdan plant generated
the fifth highest variable profits among 33 plants in the
analysis for the simulation based on 1990 preduction
and prices. The Punnigan plant generated the ninth
highest variable profits in its simulation. Thus, it is
evident that precessing facilities that (a) locate near
surplus producing regions and (b) operate at a large
scale to capture available economies in processing, as
did the hypothetical plants in these simulations, are
capabie of performing above the industry norm.

These results raisc interesting questions regarding the
dynamic evolution of the industry. The shift in
production to the central valley has created locational
advantages for processors in this area, and, as we have
documented, new processing facilities have been
located especially in the Fresno region. Yet the
analysis in this chapter suggests that additional
processing capacity in production rch Fresno and Yolo
Counties would apparently be profitable. Why have
market forces in this industry been slow to respond to
these incentives? The answer lies partly in Brandt,
French, and Jesse's contention that in the short run
incurring long distance hauls to existing processing
facilities is cheaper than byilding new processing
capacity.

For example, capital costs for the prototype paste
processing facility described in Chapter 4 were
estimated to be about $14 million annually for a
processing capacity of 150,000 tons.” Depreciation
and interest {calculated at 10%) on this invesiment are
about $2,665,000 annually. In order for a processor to
realize net cost savings from relocating, the net
reduction in average hauling distance would have to be
at least 178 miles, based on the haulage charges used
in this study.® From the 1989 average hauls reported
in Table 5.10, it is apparent that extant processors
cannot achieve haulage reductions of this magnitude.™

This logic does not apply to new entrants. These
firms, unburdened by investments in sunk processing
capacity, have incentive, ceteris paribus, to choose a
processing location that minimizes haulage costs,
However, it is alse plausible that these firms face entry
barriers into some segments of tomate processing
through the extensive investments incumbents have



Table 6.5. 1990 Optimal Tomato Allocations from Producing Counties to Processing Regions: Base Model

and New Plant Sslotions {coniinues)

County Processing Base 1990 New Ripperdan New Dunnigan

Region Solution Plant Plant
Shipments in ({0 tons

Colusa 1 204 193 449
2 426 449 215
3 34 23

Contra 2 6 2

Costa 3 o3 52 103
5 a7 91 8
6 3 1

Fresno 2 2
3 378 302 380
4 682 386 686
5 423 mn 417
6 1555 1782 1553

Merced 3 18 18 18
4 1 i 38
5 43 41 42
4 215 210 178

Monterey 5 76 80 73
] 3 10

Sacramento 2 136 128 136
4 1

San Benito 5 126 127 130
6 10 12 10

San Joaquin 2 6 5 5
3 347 317 402
4 211 258 161
6 29 12 25

Santa Clara 5 70 73 73
6 3

Solane 2 8% 88 97
3 421 420 395
5 14 32

Stanislaus 3 123 G2 125
4 125 126 140
6 55 85 39
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Tahle 6.5, (continued)

County Processing Base 1990 New Ripperdan New Dunnigan
Region Solation Plant Plant
Shipments in 000 tons
Sutter 1 268 255 291
2 44 59 57
3 154 142 102
6 6
Yolo 1 10
2 1112 1054 1222
3 421 494 364
5 130 12 67
Reg. Total 1 463 448 757
2 1814 1790 1732
3 1990 1895 1897
4 1018 984 1025
5 968 914 912
6 1873 2103 1813
made inte product differentiation and brand  have been built. Five of the plants were built by new

development for various diversified tomato products.
Barriers to entry for generic, bulk paste are, conversely,
low,

This analysis comports closely with recent experience
in the industry,  Since 1988, six processing plants
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entrants, All five of the plants were located in or near
Fresno County. Four of the five manufactured bulk
paste, with the fifth manufacturing bulk diversified
products primarily for the institutional market.



7. SUMMARY AND CONCLUSIONS

This smdy has developed and applied a nonlinear
mathematical programming model to determine the
optimal allocation of processing tomatoes from the 13
largest producing counfies in northern and central
California to the 32 processing facilities located in the
area. This optimization framework represents an
alternative approach to analysis of this important
California industry relative 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 sauces, puree, juice, and
whole tomatoes. The study is also the first to
incorporate explicitly tomatoes’ scluble solids content
into the analysis. The market information needed to
implement the model are locations, volume, and soluble
solids content of tomato production 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-
products processing; and fransportation costs for
allocating tomatoes from field 1o plant.  The
mathematical program was set forth in detail in Ch. 4.

A primary geal of the study was to evaluate the
efficiency of the allocation of tomatoes from farms to
processing plants in northern and central California.
Several factors were noted that contribute to long field-
to-plant hauls in the California tomato industry. Due
to urbanization, production has shifted from areas along
the California central coast to the Central Valley,
Thus, several plants, lacking a base of localized
production, must incur long hauls to stay in business.
In addition, production peaks at different times in
different producing regions. As summarized in Table
5.2, early-season production is concentrated in Fresno
County with Yolo County becoming the largest
producer during the middle of the 20 or so week
harvest season. Tomato processing is characterized by
substantial ecconomies to size of operation, so
processors have incentives to extend their processing
season as long as possible. Given the seasonal harvest
paitern, meeting this objective often compels long-
distance hauls. We also noted in chapter 3 that the
uniform {as opposed to FOB) pricing structure
employed by the industry facilitates interregional
competition among processors and, hence, additional
haulage.
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These factors were all incorporated into the
aptimizetion model which was solved using the
GAMS/MINOS algorithm for 1989 industry values and
compared to the estimaied actual tomato allocation for
1989.% The derived optimal solution was shown in
chapter 5 1o deviate from the estimated actual solution
in a2 number of important respects. In particular, as
many indusiry observers have suspected, the actual
allocation involved more interregional cross hauling of
tomatces than did the optimal solution. The average
one-way haul under the optimal allpcation was 56.7
miles vs. 66.6 miles for the estimated actual allocation,
The longest hauls under either solution, often in excess
of 100 miles, were incurred by coastal processors in
Region 5, with San Joaquin processors also often
incurring average hauls of near 100 miles. The loss to
the industry from misallocation of tomatpes was
estimated 10 be about $23 million or 1.9% of gross
profits.

The nonlinear optimization model treats production
volumes and plant capacities in the base year as
constraints, thereby enabling shadow prices to be
generated that estimate the contribution to indusiry
variable profit from expanding production by county
andfor processing capacity. ‘The results of this analysis
indicated that the most valuable early-season tomato
production gccurs in San Joaquin County, with Santa
Clara County production being most valuable in middle
weeks. Yolo and San Joaquin production assume
premium value in later weeks of the processing seasen.

Not surprisingly the most valuable processing
capacity was found in Regions 2 and 6, reflecting those
areas status as surplus production regions due o the
bountiful harvests in Yolo and Fresno Counties,
respectively.  Simulations of new plant entry in
Northern Yolo and Fresno Counties conducted in
chapter 6 suggested that, if Jarge-scale capacity plants
were located in either area, 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 located in Region 5.

In general, the results of the varicus simulation
analyses reveal an industry where processors’ and
producers’ fates are closely linked through interregional
competition despite their being separated in many cases
by long distances and high ransportation ¢osts.
Among the 13 major producing counties, eight were
estirnated to ship tomatoes into five or more of the six
processing regions. Although the simulated new plants
were lpcated at the northemn and southemn ends of the



producing range, either new plant affected production
allocated to processors throughout the six processing
regions. As noted also in the Durham and Sexton
(1992) study, this type of interregional competition
AMONE Processors (o 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 tomato marketing costs 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 lesse (1978), These authors’
forecast of even longer shipment distances has not
matetialized. 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 segment of
the indusiry is relatively unimpeded. Entrants have
incentive to lecate 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) investigated oligopsony power in the California tomato industry vsing some of
the data employed in the present study. They concluded, in contrast to Chern and Just, that potential for
oligopsony in the industry was limited in large part due to interregional competition among processors,

Processing tomatoes may be grown from seed or from transplants. 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 resiricted,

Public Law 78, popularly known as the Bracero program, provided for easy migration 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 adaption was 100%.

Uniform pricing in 2 spatial context means that prices are constant with respect to the distance 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 prototype model of spatial
competition discussed in Greenhut, Norman, and Hung and elsewhere.

Most stadies 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 uniforrn pricing case. Sexton
(1990} extends the analysis to the input buying side of the market.

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

Kem and Imperial Counties located in Southern 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 te plants located in the sputhern half of the state, who did not agree 10
participate in the study.

This analysis treats the timing of harvests in a county as given. As noted in Chapier 2, processors often pay
premiuvms for early- and late-season harvests. These premiums ¢an be used to somewhat affect the harvest
pattern, a factor not modeled here. Ome output 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.

¥(z,,) gives the proportion of the area under the normal curve from -oo to z.

In prnciple, this procedure could be used to create several classifications of tomatoes based on solids
contenit. The cost in terms of programming complexity is large, however. For example, increasing the 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
andfor week but only at the expense of significanily greater complexity,
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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
rates. Conversion rates depend on non-soluble solids as well as soluble solids. Total solids are more
difficuit to test for than soluble solids and thus soluble rather than total sclids are reported at inspection, and
are thus necessarily the basis for estimating conversion rates in this study.

Production locations were based on maps provided by the California Agricultural Statistics Service for the
1984 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 to increase in 4 hour increments up to 24 hours per
day. Line labor also has a & hour daily minimum but gvertime labor on weekends can be reduced to
necessary howrs, Clean-up costs also depend on days of operation and number of shifts, Clean-up costs are
incurred whenever a line is shut down, either each day of operation, if the plant operates less than three
shifts, or weekly if the plant operates less than 7 days.

Costs of evaporator clean up and boiler start up from shutting down and starting back up are high, making
cominuons operation the preferred alternative.

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

A linear version of the optimization model was formulated and solved to provide starting values for the
nonlinear program.

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

Each 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 industry 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 the plants they built were either in Fresno county or an adjoining
county.

Concentration in retail tomato products is quite high for all products except whole tomatces. Four-firm
conceniration ratios for retail sales of catsup, concentrated tomato products, and spaghetti sauces are in the
75% range or higher. Concentration ratios this high are considered to be indicative of the ability to achieve
supra competitive returns.

If all processed tomato products were manufactured and sold competitively, the net marginal returns to each
product form would be equated in long-run equilibrium. This condition would be generated through
competitive arbitrage. Raw tomatoes would flow from low-valuc uses into high-valne uses until the marginal
returns 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. Relative to the same period canned prices had increased between 20-25% for 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
affilistion is provided in table 4.3.
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28,

2%

30,

31

32

33,

34,

35,

36,

37

15,

39,

41.

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

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

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 more 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 something 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 10 $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 actual 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 returns 1o equal paste returns results in a very similar allocation.

The season 4 and 5 aliocations are unchanged from the BMS because the six paste plants do net operate
during this period under either model. The only changes in season 1 are that Fresno County production is
mainly processed locelly 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 to sharply falling prices, fell
off precipitously in 1992 and 1993. Thus, we view 1990 production levels as more reflective of typical
"equilibrium" values than production in 1991-1993,

Two paste plants were added in the Region 6 area. One plant located in Helm has a weekly capacity of
abouyt 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 potential interregional competition limited processors’ opportunities to
exercise oligopsony pewer in their local markets.

This figure comports reasonably with $21 million in fixed assets reported for a 300,000 ton capacity paste
manufacturer by Burnett {1589).
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42,

43,

The savirgs 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 to the $2,665,00¢ annual capital cost of
a new plant,

Other adjustment costs in addition to new plant construction also wounld be incurred, including costs 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 tomate procurement across a broad
geographic area were not incorporated into the model.
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