lower emergence rate. The only other
consistent trend in this study was that
of fresh weight of acorns; Madera
acorns were larger than Kern acorns.
Because Madera acorns were larger
and probably had a larger carbohy-
drate reserve, a higher percentage of
the sprouts were able to emerge. The
fact that more of the Kern County
acorns sprouted and died indicates
that acorn weight may be a factor in-
fluencing emergence.

The data from this study indicate
that insect damage and “disease” (ker-
nel discoloration) are influenced by lo-
cal environments. These influences com-
pound the data when comparing acorn
quality between years and locations.

Conclusions

Findings from this 2-year study
showed that the quality of acorns from
Madera County was superior to that of
acorns from Kern County, as indicated
by the acorns’ green weight and rate
and percentage of emergence. It ap-
pears that collection date may have in-
fluenced the moisture content of the
acorns but did not influence the rela-
tionship of acorn quality between the
two counties. The number of trees
sampled per elevation/rainfall zone
was probably too small to show eleva-
tion differences. There was a large
variation between trees in both coun-
ties during the two years.

The differences may be due to ge-
netic variation between the two oak
populations, or environmental differ-
ences between the two areas. How-
ever, this study was not able to discern
the reason behind these regional dif-
ferences. It does point out that there
are significant differences in field per-
formance as a result of the differences
in acorn quality, which may help ex-
plain regional differences in oak regen-
eration reported in previous studies.

R.L. Phillips is Natural Resource/Range
and Livestock Advisor, UC Cooperative
Extension, Kern and Tulare counties;
N.K. McDougald is Area Natural Re-
source Specialist, Madera County; and D.
McCreary is Natural Resource Specialist,
UC Sierra Foothill Research and Exten-
sion Center.

Older California processing plants lack a significant base of localized production to
draw upon and must often source tomatoes from 100 or more miles away. Costs for
hauling tomatoes from field to processing facility are 15 to 20% of raw product value.

Optimizing tomato distribution
to processors lifts profits little

Catherine A. Durham a

Tomatoes are often hauled long
distances in Northern and Central
California. Because production ar-
eas and processing facilities are
not geographically well aligned,
processors compete across rela-
tively long distances to procure
tomatoes. In this study of the
field-to-processor distribution of
processing tomatoes, a nonlinear
programming model was devel-
oped to determine the optimal dis-
tribution of tomatoes from the 13
highest-producing counties to the
32 processing plants in the re-
gion. Resulis suggest that exces-
sive interregional haulage of to-
matoes occurs, but the additional
industry profit from implementing
the optimal allocation versus the
estimated actual allocation was
only 1.9%.

Richard J. Sexton

o Joo Ho Song

n 1992 California produced 7.93 mil-

lion tons of processing tomatoes,
over 90% of the U.S. harvest. This har-
vest generated $447.1 million in plant-
gate value, making processing toma-
toes California’s highest valued
vegetable crop. Although important
and growing, the processing tomato
industry is also in a considerable state
of flux due to continual changes in
the geographic locations and sizes of
tomato-producing farms. Urban ex-
pansion eliminated processing tomato
acreage in many areas and reduced it
significantly in others. At the same
time, extended irrigation and drainage
projects in arid regions such as Fresno
County have resulted in marked pro-
duction increases.

These changes in production are
having a profound effect on the pro-
cessing sector. Processing firms in the
San Francisco Bay Area counties now

CALIFORNIA AGRICULTURE, SEPTEMBER-OCTOBER 1995 21

Gene Miyao



lack a significant base of lo- 25
calized production to draw
upon and must often source
tomatoes from 100 or more
miles away. New processing
facilities have been located
near the largest concentra- 07
tions of tomato production,
most notably in Fresno
County, but in general the
processing sector has been
slow to follow production.

Loads (1,000s)
1

s Coastal (Monterey, San Benito,

Santa Clara)

San Joaquin)

Stanislaus)
— Total loads

123 4567 8 910111213141516 1718 19 20

Week

Fig. 1. Weekly variation in California pro-

cessing tomato production by region, 1989.

a S. Central (Fresno, Merced,

This geographic evolution
of the industry is a dominant
force affecting competitive
relations among processors
and between processors and
growers. Nonalignment of
production and processing
areas has stimulated interre-
gional competition among
processors to procure toma-
toes and caused tomatoes to
be hauled long distances,
with hauling costs represent-
ing a major expense to the in-

Colusa

dustry. Grower-to-processor
transportation costs have av-
eraged from $8 to $12 per
ton, or 15 to 20% of the farm
value.

We estimate the average

Merced

one-way haul for California
processing tomatoes is about
67 miles, a considerable re-
duction from the 100-mile
haul reported in Brandt,
French and Jesse for 1973

Pacific Ocean

Benito

Monterey

(Economic Performance of the

Processing Tomato Industry,

Giannini Foundation Infor-

mation Series No. 78-1, UC

DANR). Nonetheless, the

perception remains among

industry participants that to-

matoes are distributed ineffi-

ciently to processing firms, and that
reduced haulage and improved indus-
try performance could be attained if a
better grower-to-processor allocation
of tomatoes were achieved.

We studied the distribution of to-
matoes in Northern and Central Cali-
fornia from field to processor and as-
sessed the efficiency of the prevailing
allocation pattern. A nonlinear math-
ematical programming model was de-

D Diverse plant
P Paste plant
@ 5,000 acres (approximately 150,000 tons)
of processing tomato production

Fig. 2. Processing tomato production and
plant locations and processing region
designations, 1989.

veloped to determine the optimal allo-
cation of tomatoes from the 13 highest-
producing counties to the available
processing facilities in the region. With
information obtained from the Califor-
nia Processing Tomato Advisory
Board (PTAB), we were able to com-
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o North (Colusa, Sacramento,
Solano, Sutter, Yolo)
x N. Central (Contra Costa,

pare the actual allocation
with the estimated efficient
allocation and estimate
losses to the industry from
inefficient allocation of to-
matoes across processing fa-
cilities. Finally, we simu-
lated the introduction of
new processing facilities
into the industry to study
the effect of entry on the dis-
tribution of tomatoes among
processors.

California’s industry

The tomato harvest sea-
son lasts about 19 weeks,
with the most production
occurring between July and
September. Harvest begins
in the northern-most pro-
ducing 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 pro-
duction several weeks later.
Figure 1 illustrates the 1989
harvest pattern in the major
producing regions.

The 13 Northern and
Central California counties
in this study collectively
supplied 88% of the state’s
processing tomato produc-
tion in 1989. Figure 2 shows
the main producing areas
within these counties. While
any particular county may
spread its production for 10
or more weeks, firms desir-
ing to continue processing
operations for longer peri-
ods must procure tomatoes
from alternative producing
areas. Also affecting transportation is
the need to ensure even delivery of to-
matoes to processing facilities. Plants
have incentive to spread purchases
across counties so that locally poor
yields or damaged crops do not un-
duly affect processing.

In 1989, the base year of our study,
24 firms operated 37 plants for pro-
cessing tomatoes in California (com-
pared to 57 plants operating in 1955).



Bulk paste accounted for 50 to 60% of
processed product output, followed in
importance by various sauces, and
then by whole peeled tomatoes. Figure
2 indicates the location and type of the
32 processing plants in the study re-
gion. Twenty-six plants manufactured
diversified products (D), while six
plants manufactured only paste (P).

Optimization model

The optimization model was de-
signed to find the weekly allocation of
tomatoes that maximized variable
profit to the industry, given:

1. The location and characteristics
of raw product production by week of
harvest;

2. The location, capacity and type of
processing plants;

3. Transportation and processing
costs; and

4. Selling prices for alternative pro-
cessed tomato products.

Variable profit to the industry was
defined as aggregate revenue from
processed product sales, less variable
processing costs and transportation
costs. Fixed costs of operating the
plants are not relevant for short-run
industry decision making.

Figures 1 and 2 together provide a
good overview of the tomato alloca-
tion problem: Production is scattered
across much of Northern and Central
California and often is not well
aligned with the existing processing
capacity. The harvest varies signifi-
cantly by week across the major pro-
ducing regions and in order for firms
to extend their processing season, they
must obtain tomatoes from multiple
regions.

The data obtained for this study in-
cluded the number of loads of toma-
toes shipped per week from each pro-
ducing county and the mean and
variance of soluble solids among the
loads obtained from each county in
each week. This information was used
to classify each load’s content as either
high or low in soluble solids. The
amount of processed paste, sauce and
puree that can be obtained from a ton
of raw tomatoes is directly propor-
tional to the solids content of the to-
matoes. The production of whole or

diced tomato products is not affected
by solids content.

The data also included 1989 tomato
shipments information for the 32 pro-
cessing plants located in the study re-
gion. These data were gathered under
the auspices of the PTAB and are con-
fidential, but permission was obtained
to use the data provided that transac-
tions of individual firms were not re-
leased. This stipulation meant that
shipments data was aggregated into
six regional groups of plants (fig. 2)
prior to release. Information on the
processing capacity of the 32 plants
was obtained and verified from a
number of sources.

Estimated transportation mileage
from each producing county to each
processing plant location was based
on the available transportation net-
work and the approximate location of
production in each county. Transpor-
tation costs for each shipment from
county to processing plant were com-
puted according to standard truck-rate
charges for the industry.

The optimization model also re-
quired estimates of processing costs
for both paste and diversified-products
plants. Production cost data were
obtained for a moderately sized
diversified-products plant and a paste
processing plant, these provided the
basic data input for estimating pro-
cessing plant costs. Through consulta-
tions with industry experts, the costs
for different plant sizes were extrapo-
lated from the base-line plant costs.

Essentially, the direct labor re-
quired in tomato processing opera-
tions is constant regardless of the rate
of output. However, nonlabor inputs
such as cans, cartons, energy, water
and various food ingredients such as
salt are added to the raw tomato input
in approximately fixed proportions.
Thus, we considered labor and
nonlabor costs separately for both
diversified-products and paste plants.
Nonlabor costs in both cases were
treated as a constant amount per unit
of raw tomato processed. Labor costs
are the source of nonlinearity in the
model because they decline on a per-
unit basis as a function of the volume
of tomatoes processed.

To compute variable profit from to-
mato processing, we also needed in-
formation about the types of processed
products being produced. Each firm’s
product mix is confidential, so the al-
ternative was to assume that the final
product breakdown for our base
diversified-products and paste plants
held across all similar plants. This
breakdown was used to construct a
composite product to establish the
value of a ton of raw tomatoes pro-
cessed into either diversified or paste
products. Costs of canning line opera-
tion are quite similar for most canned
tomato products, so moderate differ-
ences in product mix among proces-
sors are unlikely to have a significant
impact on per-unit processing costs.
(An expanded description of the
model is available in our detailed re-
port noted at the end of this article.)

The base optimization problem was
to maximize variable profits from pro-
cessing and selling the 1989 tomato
harvest. The problem was subject to
the following constraints:

1. A plant cannot process more ton-
nage than its weekly capacity.

2. A county cannot supply more
low-solids (high-solids) tonnage than
its low-solids (high-solids) tomato pro-
duction, in any week.

Formulation and solution of the
base optimization model did not in-
volve use of the confidential PTAB in-
spections data on weekly shipments
from producing counties to individual
processing regions. This information
was incorporated into the program as
additional constraints that forced the
solution to approximate the actual
1989 allocation. The optimal solution
and the constrained optimal solution
were then compared and evaluated.
The constraint that forces the esti-
mated actual allocation is that:

3. The total raw tomato tonnage al-
location from each county to all plants
in each processing region must equal
the actual tonnage allocated to the re-
gion for each week.

Optimal vs. actual allocations

In total, 3.73 million low-solids tons
and 3.72 million high-solids tons of
processing tomatoes were available for
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allocation in 1989 from the 13 major
tomato-producing counties. Table 1
provides an aggregate revenue and
cost breakdown comparison for the
1989 solutions to the base model and
constrained model.

This comparison reveals evidence
of modest inefficiency in allocating to-
matoes, as many in the industry have
suspected. The optimal solution pro-
duces $22.96 million (1.9%) more
profit than the model constrained to
approximate the actual distribution.
The additional variable profit works
out to $3.08 per ton of raw tomatoes
for the 1989 crop. The average one-
way haul in the base model is 56.72
miles, compared to 66.66 miles for the
estimated actual allocation. The extra
haulage translates into approximately
$7.41 million (9.3%) in additional
transportation costs borne by the in-
dustry under the estimated actual allo-
cation. Based on approximately
290,000 loads of tomatoes harvested
from the 13 counties during 1989 and
9.96 average miles of reduced haulage
under the base model, we compute
that 5.8 million additional round-trip
miles were traveled hauling tomatoes
in 1989 than if the base model solution
had been implemented. Among the 32
processors, 27 incur shorter hauls un-
der the optimal solution than were ac-
tually incurred, based on the con-
strained model solution.

Detailed analysis of the results sug-
gests that the higher transportation
costs observed in the constrained
model solution mainly were due to
misallocations of shipments to pro-
cessing regions based on county of ori-

TABLE 1. Aggregate revenues and costs for
tomato allocation models

Base Constrained
Revenue/Cost model model
......... in $100,000s ..........
Sales revenue 2,545.83 2,507.96
Raw product cost* 41517 41517
Transportation cost 79.55 B86.96
Processing cost 824.25 801.93
Gross profit 1,226.86 1,203.90

*Raw product costs are based on prices of $53.90
and $57.50 per ton for low- and high-solids toma-
toes, respectively.

gin, rather than to aggregate misallo-
cations of tomatoes among processing
regions. In other words, inefficient to-
mato transportation occurs in Califor-
nia because processors do not always
procure tomatoes from the lowest-cost
production area; it’s not that some re-
gions process too many or too few to-
matoes. (Note that this conclusion
takes the location and magnitude of
processing capacity in the industry as
given.)

Higher transportation costs ac-
counted for 32% of the higher profits
from the base model compared to the
constrained model. The rest of the
profit gain for the base model came
from shipping tomatoes to maximize
processing economies in large versus
small plants; efficiently allocating
high- versus low-solids tomatoes; and
expanding relative production of di-
versified products, which yielded
higher profit per ton of raw product
than bulk paste did in 1989. In particu-
lar, the base model solution allocates
882,000 tons to the six paste-only pro-
cessing plants versus 1.1 million tons
under the estimated actual allocation.

Historically, diversified products
such as canned tomatoes have been
high-profit items for processors, and
our results show a continuation of this
tendency. Relatively high profits for
diversified products may reflect rents
to popular brand names such as
Heinz, Ragu or Hunts, or it may reflect
the market power of large processors
for various processed products. On the
other hand, the bulk-paste market rep-
resents a classic competitive industry
in which the product is basically ho-

mogeneous, produced by a large num-
ber of California processors and sub-
ject to considerable import competi-
tion.

The analysis reveals an industry
where producers” and processors’ fates
are closely linked through interre-
gional competition despite being sepa-
rated, in many cases, by long distances
and high transportation costs. Among
the 13 major producing counties, eight
were estimated to ship tomatoes into
five or more of the six processing re-
gions. However, comparison of the op-
timal solution with the estimated ac-
tual tomato allocation indicates that
more interregional shipments of toma-
toes occurred than was optimal. The
base model suggests that more toma-
toes should have been processed locally
rather than hauled across regions.

Table 2 illustrates these results for
the three highest-producing counties.
Fresno County in Region 6 attains
peak production during weeks 4
through 8 of the harvest, allocating
400,000 or more tons during this time
to each of processing Regions 3, 4, 5
and 6 (fig. 2 shows region locations).
As the major tomato surplus area,
Fresno County ships its tomatoes the
greatest average distances throughout
the harvest, with an average haul in
excess of 100 miles. However, 300,000
tons of Fresno County tomatoes that
were hauled north into Region 3
would, according to the base model
solution, have been processed more ef-
ficiently in Region 4. Similarly 200,000
tons shipped from Fresno County
would have been processed more effi-
ciently locally in Region 6.

TABLE 2. Optimal vs. actual allocations of California processing tomatoes for 1989

Fresno County  San Joaquin County Yolo County Total

Process

region Optimal Actual Optimal Actual Optimal Actual Optimal  Actual

ceisrersstsn  BTROYNONTS N 1,000 L0008 i iciiisivasiiissitimmssarissirsisivssisisisssiss

1 — - — —_ — B8.19 44276 406.17
2 — 26.68 7.13 71.80 1,062.90 673.70 1,748.50 1,638.35
3 448.70 764.24 424.50 170.52 246.82 457.45 1,886.66 2,071.48
4 743.97 516.20 129.45 183.12 - 134.49 1,059.38 1,006.49
5 479.27 559.99 1.87 110.08 119.14 40.70 1,046.35 980.08
6 1,085.09 899.93 15.94 43.37 —_ 34.33 1,270.53 1,351.60
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Similarly, in Region 3 approxi-
mately 250,000 tons of San Joaquin
County tomatoes hauled into Regions
2,4, 5, and 6 would have been better
processed locally; the base model rec-
ommends that Region 3 retain its local
production rather than import toma-
toes from Fresno County.

Parallel conclusions hold for Yolo
County in Region 2. Yolo County is
the highest producer during the
midharvest period, weeks 9 to 13, har-
vesting nearly 750,000 tons in 1989.
Over two-thirds of that production
was consumed locally in Region 2 un-
der the optimal solution, with 100,000
tons flowing south to Region 3 and
120,000 tons to coastal processing
firms in Region 5, the largest tomato-
deficit region. Overall, the base model
recommends that 74% of the 1.43 mil-
lion total tons of tomatoes produced in
Yolo County be processed locally — in
reality, only about 47% were pro-
cessed in Region 2. The difference,
roughly 400,000 tons, was hauled
north into Region 1 (88,000 tons), or
south into Region 3 (210,000 tons over
the base solution) and Region 4
(134,000 tons). The additional Yolo
County tomatoes processed in Region
2 under the optimal solution then al-
lows tomatoes from its southern
neighbor, Solano County, to flow into
Region 3 rather than stay in Region 2.

Expanding production capacity

We also analyzed the impact on the
processing tomato industry of two hy-
pothetical new processing facilities,
strategically located in surplus pro-
duction areas. One plant was located
in Region 6 near Madera, along the
Fresno-Madera county border, while
the other was located in Region 1 in
Dunnigan, in northern Yolo County.
Both plants were assumed to process
diversified products and to have a
“large” weekly capacity of 30,000 tons.

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 — production in 1990
was 9.3 million tons, somewhat higher
than 1989 levels, and may represent a

Gene Miyao

The average one-way haul for California processing tomatoes, shown entering a plant,
is about 67 miles. The optimal solution, averaging 56.72 miles, produces 1.9% more
profit than the model approximating actual distribution. That works out to $3.08 per ton

of raw tomatoes for the 1989 crop.

typical production year for the indus-
try. Second, the existing processing
capacity in the industry was updated
to account for the entry of two new
paste processing plants in Region 6 be-
tween 1989 and 1990. Finally, the new
plant simulations were conducted un-
der a long-run equilibrium assump-
tion whereby paste and diversified-
product variable profits were equated,
effectively making the choice of
paste-only versus diversified-product
production for the new plants unim-
portant.

To assess the impact on the indus-
try of each hypothetical plant, we
compared the optimal tomato alloca-
tion for the industry for a 1990 base
model without either new plant, with
the optimal allocation that results
when each plant is added to the indus-
try. Despite the addition of the two
paste plants in Region 6 in 1990, our
analysis suggests that yet another
plant in the region would also be a
magnet for raw tomato production.
Under the optimal allocation, the
Madera-area plant operated during
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weeks 1 through 17 of the harvest sea-
son, and operated at capacity for
weeks 2 through 13. The plant pro-
cessed 454,000 tons of tomatoes. The
hypothetical plant in Region 1 also at-
tracted a significant volume of toma-
toes. It operated in weeks 3 through 13
in the optimal solution with all but the
initial week representing capacity op-
eration. Total seasonal tonnage for the
plant was 326,500.

The sources of production for the
new plants reflect the choices of strate-
gic locations made for them. The Re-
gion 6 plant procured its raw tomato
supply solely from Fresno County
through week 12, at which point it also
sourced from Merced, San Joaquin,
and/or Stanislaus counties through
week 17 (fig. 2). The Region 1 plant
was located to give it hegemony over
production in Colusa and Sutter coun-
ties. Under the optimal solution, this
plant was able to procure supply ex-
clusively from Colusa County for
weeks 4 to 8 and 10 to 12, drawing
tonnage from Sutter County in week 9
and Yolo County in weeks 2 and 13. In
total, 95% of the plant’s tonnage was
obtained from Colusa County.

The new-plant simulations demon-
strated that interregional competition
to procure tomatoes effectively links
processors across Northern and Cen-
tral California. Entry in one region af-
fects processors in almost every other
region. The hypothetical Madera-area
plant, although located south in Re-
gion 6, affected supply to processors
as far north as Region 2 and had sig-
nificant effects on processors in Re-
gions 3, 4, 5 and 6. The hypothetical
northern plant had only a minor effect
on total supply allocated to its Region
1 counterparts because Region 1 is a
significant surplus producer, but it af-
fected supply to processors in the
other processing regions, including the
southern Region 6. Whereas 294,000 of
the 326,500 tons processed by the Yolo
County plant were lost on net outside
of Region 1, only 213,000 of the 446,000
tons processed by the Madera-area
plant were lost on net outside of Re-
gion 6.

These simulation results indicate
the comparative vulnerability of pro-

cessors in the Bay Area of Region 5
and also Region 3 to new competition
as a consequence of having to obtain
tomatoes from long distances. Region
5 lost 6% of its total tonnage under ei-
ther simulated entry scenario. This re-
sult is particularly striking for the new
Yolo County plant because Colusa
County, which supplied 95% of its to-
matoes under the profit-maximizing
allocation, did not supply any toma-
toes to Region 5 under the 1990 base
model allocation. Instead, the tonnage
was lost from Yolo County, where
production routed to Region 5 in the
base model was allocated to proces-
sors that had procured Colusa County
production prior to entry of the new
plant. The fact that the profit-maximiz-
ing allocations for the models with the
new plants reduce tomato flows into
Regions 3 and 5, relative to the base
model allocation, implies that these
processors could be outbid for these
tomatoes in actual competition by pro-
cessors exploiting location advantages.

Conclusion

This analysis found modest ineffi-
ciency in the distribution of processing
tomatoes from farm to processing
plants in California and may suggest
ways to improve marketing efficiency
in the industry through improved crop
allocation. Although it may not be fea-
sible, for various reasons, to adopt the
optimal solution, some reduction in
cross-region hauls indicated by the op-
timal allocation may suggest profitable
alternative contracting opportunities
for both growers and processors.
However, the results 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 per-
haps remarkable that the variable
profit generated by the optimal versus
estimated actual allocations differed
by only 1.9%.

The study also provides some in-
sights into the nature of spatial compe-
tition in the industry. Most counties
shipped tomatoes to five or all six pro-
cessing regions. Simulated entry of
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new plants at either geographic end of
the producing region caused competi-
tive impacts that reverberated across
the industry. Our new plant simula-
tions suggest that processing facilities
that (1) locate near surplus producing
regions and (2) operate at a scale large
enough to take advantage of available
economies in processing, are capable
of performing above the industry
norm. Even though existing firms may
prefer long-distance hauls to reloca-
tion near sources of production as
Brandt, French and Jesse have argued,
entrants are not constrained by past
location decisions. Over time, market
forces can be expected to stimulate
the creation of these types of facili-
ties, thus causing further restructur-
ing of plant locations and attendant
decreases in hauling costs. Such re-
structuring will occur at the expense
of smaller plants located in deficit
producing regions.
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