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Northwest Export Shipping
of Potato Products:

Hinterland Delineation
And Growth Potential

Marie Powell, Karl H. Lindeborg and James R. Jones

Histerically in the Pacific Northwest (PNW),
the agricultural and maritime transportation sectors
have mutually supported each other. Grains, {ruits,
vegetables and other products praduced in surplus
n the region depend heavily upon foreign markets
and, at the same time, contribute a significant por-
tion of revenues to Columbia River and Puget
Sound ocean ports. With the recent extension of
slack water navigation to eastern Washington and
Lewiston, ldahe, and the advent of container-on-
barge service on the Columbia-Snake, waterborne
transportation as an alternative available in the
export physical distribution system of the region
has received increased attention.

Potatoes are one of the most important ¢rops in
the Northwest. This region contributed an average
of 43 percent to 1.8, production in the 1970s, making
it the largest single producing region in the country,
The Northwest supplied more than 8¢ percent of all
potato preducts processed. To date:r potato pro-
ducts have been marketed primarily in domestic
LS. markets. Nauonally, onlv about 2 percent of
annual production has gone into export. As polato
production has increased, the industry has been
confronted with the problem of overproduction.
Many doubt whether traditional domestic markets
can absorb any more supplies; thus interest in devel-

oping overseas trade is likely to grow. This study is
concerned with analyzing whether potatoes are
potentially suitable products to be shipped to over-
seas markets via Columbia, Snake river ports.

Study Objectives

This report’s purposes were to examine the export
market for potato products and to assess the impli-
cations of historical and developing trade for
Columbia: Snake river transportation. Specific
objectives included:

I. To identify production and processing regions
for potatoes, and to trace the use of the potato
crop within the U.S. to determine the supply of
potatoes available for export at representative
origins.

To determine least-cost shipping patterns and
shipping modes for fresh and processed potatoes
from production regions to final domestic and
export destinations with emphasis on determin-
ing whether these products lie in the hinterland
of Columbia Snake deep water and shallow
water ports.

ra

3. Ta project future export shipments of potato and
potato products through Columbia Snake river
ports.



Study Methodology and Procedures

A linear programming transshipment procedure
was used to analyze the ex port marketing system for
potatoes. Transshipment models are distinguished
from transportation models by the addition of an
intermediate transfer point or interface between
. origin and destination. The interface provides fora

transfer from the inland transportation modeto an
‘oceangoing vessel.

. The objective function normally represents the
minimized transportation costs to shippers. [n this
study, the costs of produoction and processing are
" included in the objective function to be minimized
as well.

Scparate models were run to analyze fresh and
processed potatoes. Dehydrated products were
selected as the type of processed potato to be studied.
Potato flakes and granules are the most common
- form of dehydrated product. A lack of historical
export data on frozen potato products prevented
their being included in the analysis. Frozen pro-
~ ducts began to be reported in 1979,

The Objecﬁve Function

The mathematical representation of the trans-
shipment mode! is:

Minimize PPTC=ZCP, +EEZ T X
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where: PPTC = production, processing and trans-
portation cast of fresh or dehydsated
potatoes,

C, = cost of production and processing
of fresh (dehydrated) potatoes at
origin i

P, = amount of fresh (dehydrated) pota-
1oes processed for shipment at
origin i,

T« = cost of transponting fresh (dehydra-
ted) potatoes from origin ¢ to desti-
nation j by mode 4.

X, = amount of fresh (dehydrated)
potatoes shipped from origin i to
destination f by mode k.

S, = supply of fresh (dehydrated) pota-
toes at origin [

D, = demand for fresh (dehydrated}
potatoes at destination .

Data Requirements

Origins and Destinations — Theiand fsubseripts
of the objective function represent indexes of origin
and destingtion points. They are described here.

Origins representative of the entire nation were
selected since potatoes are produced in nearly every
state. Fall preduction contributes the largest pro-
portion to the crop, so fall-producing states were
grouped into five major productian regions. Within
these five, three were also identified as processing
regions. The processing industry relies heavily on
major. fall. crop-producing areas to get raw pro-
ducts, Thus, processing plants have located in lead-
ing, fall-producing states.



Table 1 shows the production and processing
regions and their basing points. Production regions
consisted of the North Atlantic, Middle Atlantic,
North Central, Mountain and Northwest., The
Northwest was delineated inte two subregions, each
with its own basing point. ldaho and Malheur
County, Oregon, comprised one of the subregions,
and Washington and the rest of Qregon the other.
Processing regions included the North Central,
North Atlantic and the same subregions of the
Northwest.

To simplify the data requirements for the two
models, identical basing points were selected wher-
ever possible. The mountain region was represented
by Alamosa, Colorado; the North Central by East
Grand Forks, Minnesota: the Middle Atlantic by
Long Island, New York; and the North Atlantic by
Presque Isle, Maine. These are leading production
centers within each region. [n the Northwest, three
basing points were chosen. ldaho Falls, Idaho,
represented ldaho and Malheur County, Oregon,
for both models. Moses Lake, Washington, repre-
sented fresh potato production in Washington and
Oregon whereas the Tri-Cities area in Washington
represented the processing region. Although this
study concerns itself with dehydrated products, the
Tri-Cities origin also reflects the broader processing
capacity in the region.

Export data were examined for processed and
fresh potatoes to determine historical demand for
imports by other nations. Five representative for-

Table 1. Production reglons for fresh and processed polatoss.
Basing point States Raglon

Frash Potatoss
Idaho Falls, Idaha

Idaho and Malhaur Co., Northwest
Oregon

Moses Lake, Wash. Oregon and Washington Northwest

Alamosa, Colorado, Coiorado, Montana, Mountain
Navada, Utah and
Wyoming
E. Grand Forks, Indiana, Michigan. North
Minnesota Minnesota, Nebraska, Central
North Daketa, Ohio,
South Dakota and
Wisconsin
Long Island, New York New York and Middle
Pennsyivania Altantic

Presque Isle, Maing Connecticut, Maing, Narth
Massachusetts, New Atlantic
Hampshire, Bhode

Island and Vermont

Proceased Polaloes

lgaho Falis, Igaho idaho and Maiheur Co., Northwest
Cregon
Tn-Cities, Washington OQregon, Washingtan

E. Grand Forks,

Northwest
Michigan. Minnesata North

Minnesota and North Dakota Central
Presque isle, Maine Maine Narth
Atlantic

¢ign destinations for U.S. dehydrated potatoes were
selected: Vancouver, British Columbia; Puerto
Cabello, Venezuela; Rotlerdam, (the) Netherlands;
Naples, Italy, and Hong Kong. Seven representative
foreign destinations for U.S. fresh potatoes were
chosen: Vancouver, British Columbia;, Mexico City,
Mexico; Santo Domingo, Dominican Republic;
Buenos Aires, Argentina; Rotterdam. (the) Nether-
lands; Naples, [taly; and Hong Kong. Each destina-
tion serves as a basing point for other importing
countries in the region.

Tables 2 and 3 list the importing countries by
region and their representative basing points as well
as the average quantity demanded at each destina-
tion. The years 1972 to 1978 were used in calculating
the average 1o minimize a distortion occurring in
export figures during 1975 to 1977. A drought in
Furope during 1974-76 caused U.S. exports to be
substantially higher than norma! during this period.
The average also revealed more about dernand over
time than a shorter or single-year period. Annual
fluctuations are common.

In addition to these origins and destinations,
locations serving as transshipment points between
the two were necessary. Ports which handled the
largest volume of potato exports in the period were
selected. Transfer ports for fresh potatoes include
Portland, Oregon; Seattle, Washington; New York,

Table 2. U.S. dehydrated polate exports by foreign regions.

Basing poim Region Guantity'
[1.000 cwt, twe)
Vancouver Canada B
Puerto Cabello Latin America 148 2
Barbados ]
Venezuela 332
her 114 4
Rottardam Northern £urope 21162
Belgium-tuxemburg 191
Denmark 50.4
Finland 174
France 4651
Ireland 189
Netheriands 1129
Sweaden 4231
United Kingdom .22
West Germany 5889
Other 382
Naples Mediterranean 1000
ftaly 145
Spain 473
Other B2
Hong Kong Asa 1188 7
Australia 257
Japan 11058
Other 382
Tatat 3.RE2.2

Yncludes dehydrated polatoes. flakes ama granules Amounts

are given on 3 fresh-weght-equivalency basis 197°2-72calengar

year average

Source: USDA Forsign Agricuttural Trade Statsicsl Report
Calendcar Years 1972, 1974 1976 and 1978



Table 3. U.S. Iresh potato exports by loreign reglons. New York, and Portland, Maine. Transfer portsfor

. Basing polnt Reglon Quantity’ processed potatoes included Portland, Oregon;
(1,000 cwt) Seattle, Washington: the Bay Arca in California;
- Vancouver Canada 4,000.7 Houston, Texas, and Norfolk, Virginia. The Colum-
" Maxico City Maxico 2190 bia,fSpake river ports of Lewiston, Idaho; Pasco,
SanluDommgo Caribbean 1485 Washln_glon, and Umatilla, Oregon, were a!_so in-
Bahamas 50.9 cluded in both models. These ports are similar to
Barbados 87 the other transshipment points except that two
Pormuda Republic oe transfers occur instead of one. The first is from the
French West Indies &4 inland origin to the river port and the second from
imeward & Windward Islands 22 the river barge to the oceangoing vessel at the Port
Natheriang Antities 89 of Portland.
Parama 50 :
Trinidad s
. Other 25.2 Supply and Demand — The procedures used for
| Busnos Alres Latin America 1331 derivation of supply and demand for fresh and pro-
o g‘%‘;‘“‘"‘ ﬁ-g cessed potatoes are described here,
: Uruguay 7.7 1. Fresh Potatoes — A vast array of statisticsare
" Rofterdam Northern Europe 1,0854 collected and published on the potato crop each
oo ?f!’gg‘e’“'l-"“mbw lgﬁ-g year. Data on the crop's various uses were tabulated
Netherlands 1927 and subtracted from the production total in each
Norway .7 region to arrive at the potato supply available for
3:?&’““ dom 147.2 export. Reported uses included seed, processing and
P _ West Gm':.%n‘; Ygg food consumption. An average of the 1971-77 crop
' Nagies. .. Mediterrancan 2876 years was used in calculating production data, and
: R Algerig 1240 an average of the 1972-78 calendar years was used
Egypt 112 for consumption data thus accounting for the lag
2:2“9” 1373 which occurs between production and marketing,
o - Other 52 The sale of fall-crop potatoes represented avail-
Hong Kong ~ Asia a8 able supplies in each region. Seed use was estimated
' ?:p’:':"' _ 1;:2 and subtracted from the base supply. Potatoes used
Taiwan I in processing frozen and dehydrated products were
Other 252 then subtracted. Potato chip production was deter-
- Total 59785 mined, and the quantity of potatoes used for making
"1972-78 calendar yoar average. chips was subtracted. Unlike frozen and dehydrated
Source: USDA Forsign Agricultural Trade Statistical Report. processing, the manufacture of potato chips occurs
Catendar yasrs 1971, 1973, 1975, 1977 and 1978. in all regions.

Table 4. Reglonsl cse of potatoss end supply avallable for export per basing point {1,000 cwi).

_ Percenl

) Regional available
‘Basing poinie Production® Seed use! Processing®  U.S. demeand* surplus for export
idaho Fails, ldaho : ) 76,918 6.113 57,112 12.528 1,166 ]
Moses Lake, Washington . - 52,858 2.647 34,925 12,664 3422 2%
Alamosa, Colorado - 12,954 1,835 1.219 6,966 2934 19%
East Grand Forks, Minnesata £3.211 7,178 16.214 25,383 3,438 22%
Long istand,. New York 17,532 527 5186 11,335 484 3%
Prosgue isle. Maine 29,181 3.956 11,527 8,523 4,175 27%
U.S. total ' 242,457 22,256 126,183 78,399 15,619 100%

'Consists of potatoes sold for all purpeses including food, seed, processing and hvestock feed. Average 1971-77 crop years. Source:
Potatoes and Sweetpotatoes, USDA, 1972-78,

‘Bagsed on an optimum distribution system of seed from producing states to consuming regions (a 1972-74 average) according o resulls
of a laast-cost linear program . Each region’s base was multiplied by the annual :ncremental increase or decrease n acres planted for
the fall crop to arvive at anestimate of the 1971-77 average $00d use in each production region Optimum seed distribution from Potaraes
Cptimum use and disiribution with comparative costs by major regions of the (1.5. Table 15, Buil. B65, Washington State Univ . 1978
Acres planted inormation from Polatoss and Sweetpolatoss. USDA 1972-78.

‘inciudes potatoes processed as detrydrated. frozen, canned products, for starch and fiour, and for potato ¢hips. Regional totals of pota-
tpes used for chips were reduced by one-third to retlect that fall potatoes comprise about 87 percent of the total chip production. Source
Potfatoes and Sweetpotaloes, USDA, 1972-78.

‘Demand for fresh potatoes was approximated by the average quantity shipped from 1972-78 {rom each production reg:on to the major
markets lor frunis and vegetabies in the UL.S. These quantites are from Fresh fruit and vegetable uniaad totals for 41 cites raporis caten-
dar years 1971-78, USDA, 1979 These reparts account for about 66 pan:em of total commercial potato unioadsin the U S s0 quantities
ware increased to estimate 101al demand

6



Domestic demand for fresh potatoes was approx-
imated through data in the USDA fresh fruit and
vegetable unload totals for 41 cities reports. These
reports record shipments of raw potatoes from the
production state to the major distribution centers
in the U.S. This data accounts for about 60 percent
of total commercial unloads in the U.S.; therefore,
the quantities were increased to approximate 100
percent of demand (Barton 1980). These estimates
were subtracted from the remaining supply. The
difference resulted in the potential supply of fresh
potatoes available for export in each region. Ex-
pressed as a share of total surpluses in the system,
the Presque Isle, Maine, basing point had 27 percent;
Moses Lake, Washington, and East Grand Forks,
Minnesota, each had 22 percent, while Idaho Falis,
idaho, had 7 percent and Long Island, New York,
had 3 percent. Table 4 summarizes the use informa-
ton.

Exports will not totally reduce regional surpluses.
Overproduction nationally has led to situations of
excess supply, and domestic and international mar-
kets have been unable to absorb the surplus. Diver-
sion programs converting unused potatoes to feed
and starch have been popular. Normally less than
2 percent of the national crop has been sold for
fivestock feed. Excess supplies were left in the
system to see where surpluses accumulated.

- 2. Dehydrated Potatoes — Because insufficient
data existed, a different procedure was required
to derive the supply of processed potatoes poten-
tially available for export at each origin. Noreliable
method was found for determining the origins of
processed products consumed in the U.S.; as a
result, the transshipment model was designed to
allocate the supply of potatoes to destinations both
within the U.S. and in foreign countries.

Table 5. Supply of dehydraied polatoss per basing point.

The supply of dehydrated products at the four
production regions was estimated by multiplying
the total quantity of potatoes processed at each
origin by the average percentage of potatoes used
as dehydrated products in the U.S.! Table 5 shows
the estimated supply at each basing point.

Domestic demand for dehydrated potatoes was
estimated by consumption region of the U.S. Six
regions were identified - the Northwest, Mountain,
South Central, North Central, South Atlantic and
Atlantic. Table 6 delineates this and the basing
points and the quantity demanded in each region.
Fresh-weight-equivalent (fwe) quantities for de-
hydrated products were used throughout this report
at the rate of 6 pounds of raw potatoes required te
produce 1 pound of dehydrated (Greig 1978).

3. Product Homogeneiiy — One assumption of
the transshipment model of linear programming is
product homogeneity (i.e., all fresh potatoes and
all potato products are the same). A corotlary tothis
assumption is that receivers of the produci have no
preference as to its origin. However, the variety
differences of potatoes make this assumption unre-
alistic. For example, the Northwest is noted for
production of Russet Burbank potatoes. the Red
River Valley far varieties of red potatoes and Maine
for white potatoes.

Because the data in the USDA unload reports are
derived from actua! shipping patterns of raw pota-
toes, varictal differences in consumption were
already accounted for. The lack of praduct homo-
geneity was not as critical to fresh exports as to
domestic consumption because very little product
differentiation of U.S. potatoes exisis in world
markets. No product differentiation exists among
potatoes used for dehydration.

1Average 1971-77 national utlization figuces. Source: USDA.
Potatoes and Sweetpotatoes, Pot-6. ESCS. {978,

Share of processad® Amount of
Tolal processing! petatoes used dehydrated Percent
par basing point a8 dehydrated processing ai ol
Baking point 1971-77 averags 1971-77 averags basing point total
{1.000 cwt fwe) (1,000 cw! twe)
ldaho Falls, \daho 57,017 " M6 = 15656 89 H2%
Tri-Cities, Washington 34235 ® 2746 = 34009 31 %%
East Grand Forks, Minnesola 9,219 x 2746 = 25115 8%
Prasque Isle, Maine 10,266 x 2746 = 28190 Y
4.8 total 110.737 3408 3 1005

‘Includes potatoes processed as dehydrated products. frozen, canned. starch and flour Does not include potato chips. Quantities in g

fresh-weight-equivalency (fwe).
‘The average 1971-77 use of potatoes for processed progucts is

frozen © B5.50%
defvdrated 27 46%
canned 4.03%
starch and flour 3.01%

100.00%

Source: USDA Potato Stocks, Pot 1-2 Crop Aeporting Board, SRS, 1873-78; and LISD A Potatoes and Sweetpotaloes. Pot & Crop Report-

ing Board, ESCS. 1972-78.



Production and Processing Costs — Table 7 lists
production and processing costs at each origin. In
the fresh model, the term “processing” referred to
. the practice of grading, sizing and packaging pota-
~ toes.for shipment. The highest production cost was

expericneed in Idaho, the lowest in Washington.

Table §. U.S. demand for dettydrated polato products by regions.
" Basing poirt Biates Region  Quantity'

{1,000
cvet, twa)

3,451

Calitfornia, Idaho,
Qragon, Washington

Arizona, Colorado,
Montana, Nevada,
MNew Maxico, Utah,
Wyoming

Alabama, Arkanaas,
Kentucky, Louisiana,
Migsiasippi, Oklaho-
ma. Tannoasoes, Taxas

litinois, indiana, lowa, North Central
Kansas, Michigan,

Minneaots, Missouri,

MNebragia, North Da-

kota, Chio, South

Dakota

Delaware, Florida,  South Afirntic
Georgis, Maryland,

North Carollna, South
Carolina, Virginia,

West Vivginia

Connecticut, Maine, Atlantic
Massachusetts, New i
Hempahire, New

Jeraay, Naw York,
Pantngylvania, Rhode

island, Yermont

LS. totat 26.252

S-eramonio Northwest

Denvet Mountain 1.085

Dallas Sguth Central  4.290

7,183
Alianta

New York 8,168

The lawest cost of processing dehydrated potatoces
occurred in the Northwest.

Transportation Modes and Rates —- All mathe-
matical inputs have been discussed except the costs
of shipping potato products from origin to destina-
tion via various modes. These costs by modes are
discussed here?

Five inland modes of transportation and two
ocean modes were considered in the analysis —
breakbulk truck, container-on-truck, breakbulk
rail, container-on-railcar, container-on-barge,
breakbulk ocean vessel and container ocean vessel.
Breakbulk shipping refers to bagged or boxed cargo
placed directly into a truck, van, railcar or a ship's
hold. Containerized shipping refers to bagged or
boxed cargo placed inside a container. The con-
tainer is then placed on a truck, railcar, barge or
container vessel.?

Although container-on-barge transportation was
included in both models, in reality this mode was
available only for dehydrated potatoes. No temper-
ature control is necessary for dehydrated products,
but fresh potatoes reguire some method of air
cooling or refrigeration to maintain quality in tran-
sit. Barges capable of refrigeration were not available
on the Columbia/Snake at the time of the study.

The rates gathered for these transportation modes
were those in effect in March of 1980. At that time,
truck transportation of fresh potatoes was exempt
from ICC regulation, but rail was not. Bath rail
and truck transportation of dehydrated potato
products were regulated by the ICC. Rail transpor-
tation has since been exempted from 1CC regulation,
and the truck and rail industries both appear headed

The quantity demanded was calculated by multiplying con-
sumption per capita of dehydrated potatoes by the population
of sach state tor each vear. 1 is a 1972-78 calendar-year avarags.

Scource; Consumplion per capita from Vegetable Situation,

TVS-214. USOA, Novembar 1679. Regionai population
from Statisticai Abatrect of the United States. US. De-
partment of Commerce, Bureau of the Cansus, 1978,

‘Baseline shipping activities and their corresponding rates are
included in Appendices A and B. Although numerous trans-
poriation mades were considered, very few were actuaily
brought inta solution,

JFor a more detailed explanation of transportation modes, see
{Belcher 1978).

Table 7. Production snd processing costa for fresh and dehydrated potatoes per basing poini. 1979.

Praduction cost

Total production and

: Fresh processing Dehydiraied processing processing cost
Sasing point per cwt! cosl par cwi cost per cwt? Frash Dehydrated
Idaho Falis, Idaho $380 $2.20 $1.47 $6.00 3527
Moses Lake, Washingion 2564 220 - 4.84 —
Tri-Cities, Washington 2.64 - 1.47 — 4N
Alamosa, Colorado 3.15 208 - 523 —

E. Grand Forks, Minnesotr 3.09 179 1.52 4.88 4.61
Long Island. New York iz 162 - 485 —
Presque isle, Maing 20 125 1.66 4.45 4 86

"Costs of production revieed trom 1978 dollarg 10 1978 through the index of prices paud by farmers for production tems: Ag. Cutlook,

AC-52. USDA, March 1980,

*Fresh processing costs revised from 1975 dollars to 1879 through creaton of an index for marketing spreéads: Developments in Market-

ing Spreads for Food Products in 1979, Ag. Econ. Report No. 449, USDA, March 1980

sDehydratad processing coats revised from 1975 dollars to 197% through the index of prices of selected food marketing inputs: Develoo-

ments in Marketing Spreads for Food Products in 1978, Ag. Econ. Report No. 449, USDA. March 1380

Source: Production costs; Potate Facts. Production Costs. Commodity Economics Division, ESCS, UUSDA, Winter 1978, Processing
costs: Potatoes, Optimum Use and Distribution with Comparative Costs by Major Regions of the LS. W. Smith Greig and Leroy
Biakeslee. College of Agricutiure Ressarch Center Builetin 865, Washington State University, August 1978.



for a period of reduced regulations on the hauling of
manufactured and fresh agricultural products.
Deregulated rail rates inttially appeared to change
little from rates quoted under regulation.

Truck rates for hauling fresh potatoes were ob-
tained through a survey of shippers at each origin.
Rates for transporting fresh potatoes by rail were
supplied by Union Pacific personnel from published
raie schedules (Roberts 1980}, Dehydrated rail and
truck rates were provided from published rate tar-
ifis through a consulting firm {White 1980). Con-
tainer-on-barge rates were obtained from the Pacific
Inland Tariff Bureau. Linear regressions were used
to estimate rates on routes where no information
existed. The estimates were based on observations
of actual rates.

QOcean vessel charges for potato exports were
obtained from commodity tariffs of appropriate
ocean steamship conferences. The complete ocean
charges were comprised of a base rate together with
surcharges applying to factors such as fuel costs,
foreign currency adjustments or congestion at ports
of call. Charges accrued for handling potatoes at
each port were added also. No cargo insurance costs
were considered.

Shipments of fresh potatoes were assumed to take
place in ventilated or refrigerated trailers, railcars
and containers, and atmosphere-controlled ocean
vessels. Loading of all container shipments was
assumed to occur under the shipper’s supervision
at the point of origin rather than at the port, and
loading costs were not included in the transporta-
tion charges. They are fairly standard regardless
of which mode is used; therefore, they do not affect
the relative competitiveness of alternate modes of
transportation. For container shipments, no charge
was assessed for delivery of the empty container to
the shipper for loading. Carriers have in the past
absorbed most of the costs of container delivery.
Railroads have since been contemplating charging
far this service, however.

When the weight of a shipment was a contributing
factor to the cost, it was assumed that the highest
minimum weight was shipped which would provide
the lowest transport cost without injuring the quality
of the shipment. Finally, shippers were assumed 10
choose the transportation modes that offered the
lowest transportation charges from origin to desti-
nation. Realistically, factors such as service and
dependability are often important in the selection.
but these factors are difticult 1o quantify.

Transshipment Model
Alternatives and Projections

Using the transshipment model as the analytical
tool. first runs were made to analvze the current

polato exporting system in the Northwest and the
role of transportation on the Columbia Snake

rivers in that system. Forecasts based upon simula-
tion runs of these base models were used to examine
the patential for increased exports through North-
west ports and to project future levels of export.

The data for the hinterland base models were
representative of the present (1979-80) time pertod.
Farecasts for the period 1985-2000 were made using
subsequent runs of the models hypothesizing sce-
narios with changes in supply, overseas demand and
energy costs. Of interest were the effects of these
changes on hintertand delineation, moda! choice,
quantities shipped and on total transportation costs
in each period.

Potential for Increased Exports — The outlook
for frozen and dehydrated exports looks more pro-
mising than for fresh. Dehydrated exports in parti-
cular are advantageous over {resh potatoes because
this processed form results in greatly reduced bulk.
and consequently transportation costs are much
less. Japan is central to the projected growth of
demand for U.S. processed products. The expanding
institutional and fast-food markets in that country
are the primary reasons for increased export oppor-
tunities. Other factors include rising incomes,
acceptance of Western style diets and the desire for
convenience foods, Growth in the European market
has been projected as well but not at as high a rate
as the Japanese (Emerson 1978).

Prospects for growth in demand for fresh pota-
toes appear limited by high transportation costs and
trade restrictions. The high water content of potatoes
and their perishability result 1n high transport costs
relative to their value. Tanff and nontariff barriers
such as phytosanitary requirements which prohibit
the importation of U.S. potatoes into Japan and
many European countries hamper exports. How-
ever, during the drought of 1974-76. trade barriers
in Europe were relaxed. and the imporiation of
large quantities of U.S. potatoes did occur. Future
fresh potato exports to Europe will likely be tied to
vears when crop shortfalls there result in excess
processing capacity. Exports to Asian countries
other than Japan will probably increase. Hong
Kong and Singapore are the major markets in Asia,
and imports of fresh potatoes primanh supply the
hotel business in these countries (The Packer 1980).

Growth in Demand - Increases m demand for
fresh potatoes in Asia and dehydrated potatoes
Asia and Europe were incorporated into the hinter-
land projection. U.S. exports of fresh potatoes to
Asia were assumed toincrease by | percent per vear
based on projections of potato consumpnon made
by the Japanese government (Japan 19753 No
increases were projected for the other regions,

Demand for imports of dehvdrated potatoes was
estimated through the use of income elasticity for
potato products. The elasticity of income s a mea-



sure of the responsivencss of the quantity demanded
to a change in income, other factors held constant.
The mathematical representation is:

Jif
- B
where: E, = income elasticity
Q = quantity demanded
_ Y = income
The percentage change in quantity demanded can be
-~ isolated in the equation;
%AQ = (B} » (%2Y)
- - Estimates of annuaj growth inincome (A Y) for Asia
and Europe were obtained, and income elasticity
{E,) of demand was estimated.* Income (real GNP)
is expected to increase by 5 percent per year in Asia
for the period and by 3 percent per year in Europe
(Exxon Corporation 1979). A highand low measure
of income elasticity was considered, resulting in
projections of an annual increase in demand for
processed potatoes within the range of 0.5 and 1.27
‘percent in Asia and 0.3 and 0.76 percent in Europe.
The high estimates were used in the forecasts.

. Growth in Supply - The supply of dehydrated
potatoes in the Northwest was increased slightly
in response to increased demand overseas. Demand
in the U.S. was held constant so that changes attri-
. butable to increased exporting could be pinpointed.
‘Supplies at non-Northwest basing points were held
at. static levels also so that expansion of trade
‘through Northwest ports would be highlighted.

The supply of fresh potatoes available for export

- was adequate to meet the low level of growthantici-

pated in foreign markets over the projection period.
No changes in supply were assumed.

415, 4nd Canadian measures of income elasticities were used

“sinde no other estimates were availeble, The reliability of the

. projections will, of course, depend on how well these measures
- represerd conditions in Asia and Europe.

Tabile &. Summary of Mode! Alternatives -~ Assumptions.

Energy Efficiency of Inland Modes -- Increased
costs of transporting potatoes ta market were
ranked as the most serious problems that will face
Western growers in the future (The Packer 1980).
Higher fuel costs have been ane of 1he leading com-
ponents of transportation cost increases.

As fuel costs rise, the rates charged to shippers
also rise, The amount of the increase will vary de-
pending on the mode because the fuel required to
ship a given weight a given distance varies by mode.
Trucks have been estimated to obtain 1,956.6
cwt miles to | gallon of fuel, railcars 3,958 cwi miles
and barges 10, 489.2 cwt miles (Barton 1980). Thus,
the barge mode is impacted less by fuel cost increases
than the other modes and rail less than truck. Since
Columbia River deep water ports are favored by
access to barge, this differential effect could work
in their favor at the expense of Puget Sound ports.

These estimates of energy efficiencies were used
to examine the effects of rising fue! costs on inland
rates of transportation. This was done by dividing
the January 1980 wholesale price of fuel (the price
in effect when the transportation rates were quoted)
by the hundredweight miles per gallon estimates
listed above to arrive at a base cost of fuel for each
made. The increase for each period in the base fuel
costs per mile for the three modes was determined
and muitiplied by the number of miles in each route.
This resulted in the increase in each transportation
rate attributable to the rising price of fuel. This
amount was then added to the original rate. Sym-
bolically, the formula is:

R=B+ (%)m where,

R = new transportation rate caused by increased
Cnergy costs,

B = original base rate,
X = increase in fuel cost per gallon over base.
Y = base fuel cost per galion.

Time perios Fresh model Processed model
Base Modal represanting current least- Run with and Model represanting current least- Run with and
cost exporting gystem. Historical without container- cost exporing system. Historical without container-
teveis Of supply and expon. on-barge mode  levels of supply and export. an-barge mode
availabie. available.
1985 Scenario of 5% increase over bass in Scenaric of 6% increase over hase in
axports o Asia. expors 1o Asia, 4% to Europe.
1990 Scaenario ¢f 10% ingrease over base in Scenaric of 12% increase over base in
exports to Asia. Fuel costs increased exports o Asia. 7% to Eurcpe. Fuel
10 50% pver base. costs increased 10 50% Over base.
1895 Scenaric 0f 15% incroase over base in Scanario of 18% increase over base in
exports 1o Asia. Fuel costs increased exgorns to Asia, 11% to Europe. Fuet
t¢ 100% over base. costs increased to 100% over base,
2000 Scenaric of 20% increase cwver base in Scenario of 24% increase over base in

expors 1o Asa. Fuet costs increased
te 150% over base.

exporis to Asia. 14% 0 Europe. Fuel
costs increased 10 150% over base.
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Z = cwit miles per gallon mode estimate.
m= miles in route,

Fuel prices were estimated to rise by 25 percent
over the base in 1985, 50 percent in 1990, 100 percent
in 1995 and 150 percent in 2000. Because only fuel
costs were allowed to vary, the effects of real energy
cost increases on inland shipping modes were iso-
lated.

Summary of Model Alternatives — Base hinter-
land models for fresh and processed potatoes were
designed to represent the cucrent least-cost potato
exporting system in the U.S, Base models were also
run without including container-on-barge services
at Columbia;Snake river ports to examine the
impact of this mode on Northwest shipping, -

Forecasts of the least-cost exporting systems in
1983, 1990, 1995 and the vear 2000 were made using
the original hinterland models. The 1985 projec-
tions hypothesized increased demand in Asia and
Europe for dehydrated potatoes and increases in
Asia for fresh potatoes. A 25 percent real increase in
the cost of fuel for infand transportation modes was
incorporated also.

Projections for 1990, 1995 and 2000 encompassed
further increases in demand for potatoes in Asiaand
Europe as well as a slight growth in the supply of
dehydrated potatoes at Northwest origins. Increased
fuel costs of 50 percent, 100 percent and 150 percent
over the base were introduced in the forecasts to
portray the effects of rising energy cosis on the
competitive positions of inland modes of transport
in the future. Table 8 presents a summarv of runs
made with the base and forecasting models.
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Results

The transshipment models generate information
on the least-cost system involved with producing,
processing and shipping dehydrated potatoes to
U.S. and foreign destinations and the least-cost
transportation system for producing, packaging
and shipping fresh potatoes for export. The most
cfficient routes including interfacing ports between

" origins and destinations are delineated, and the
most competitive modes serving those routes are
identified. The sensitivity of each transportation
-mode 1o changes in its rate is also disclosed, The

- results here are tabulated according to these topics.

~ The base models of the transshipment analysis
were designed to represent as closely as possible the
alternatives existing in the rcal world; thus, how well
the results of the models conform to actual expeti-
ence is of interest. The selection of transshipment
ports was fairly representative of past experience in
the Northwest. Fresh exports were directed exclu-
sively through Seattle while processed exports were

" shipped through Portland. Although in reality each
port receives both, Seattle has captured most of the
export trade in fresh potatoes while Portland has
exporied most of the processed potatoes. Locational
advantages are in large part determining factors
since Seattle is closer to the important fresh produc-
tion area surrounding Moses Lake, and Portland is
ihe more economical outlet for processing plants
established along the Columbia River.

The choice of shipping modes coincided with real
practices also, Fresh potatoes are transported pri-
marily by breakbulk shipping methods whereas
containerized shipping is preponderant for de-
hydrated. Comtainer shipping of fresh potatoes has
experienced problems in the past ansing from the
potato’s perishabiiity. Because of the high fixed
costs. refrigerated containers (recfers) are most
often used to transport higher valued commodities
than {resh potatoes. Comtainers are quite suitable
for transporting dehydrated potatoes which benefit
from noaperishability. reduced bulk and the added
value which accompanies processing. These nonrate
considerations did not enter the model's selection
process, however, except to the extent that they
were reflected in the combined rate structures for
cach modal alternative.

12

A. Processed Potatoes

Origin to Port by Mode — The base hinterland
model provided the initial distribution system at
lowest cost for processed potatoes. Export scenarios
were projected in 5-year increments over the period
1985-2000. Table 9 gives shipments from each origin
to domestic and port destinations. The shipping
modes and quantities transported are provided also.
In all five model scenarios, processed potato export
shipments were transferred to ocean vessels at
Portland and Houston. Seattle, the Bay Arca or
Norfolk were not chosen as transshipment points.
Various modes were used between origins and port
destinations, but domestic shipments (those to be
consumed here rather than overseas) were trans-
ported in all instances by the conventional, break-
bulk rail mode.

Shipments from Idaho Falls did not enter the
export market unti! the 1995 and 2000 vear forecasts.
Prajected shipments in these years were less than
1 percent of the total, indicating that from a least-
cost standpoint 1daho Falls is better suited 10
supplying U.S. markets since Washington and
Oregon processors ¢an ship 1o foreign markets for
less. The export shipment was routed in both cases
through Houston, and it was delivered by the break-
bulk rail mode.

The Tri-Cities were projected as the major ex-
porting origin in every model, In the base run, 49
percent of the supply in the Washington-Oregon
region was destined for foreign markets. By the year
2000, this percentage was up to 45 percent. The bulk
of this dehydrated potato traffic was delivered to
Portiand via the container-on-barge mode loaded at
the port of Pasco. Another 3 percent was shipped
directly 1o Vancouver. British Columbia, by break-
bulk rail throughout the period.

Fhe results suggest that the area immediately
adjacent 1o the Columbia River is a natural hinter-
tand for the port of Portland, and the container-on-
barge mode is particularly advantageous to these
tocalities. A less aggregative model for the Columbia
Basin was run to further analyze the degree to which
this hinterland extended to areas further away from
the river, and the use that container-on-barge would



or would not receive from these more distant origins.
Five representiative points depicted locations of
processing plants in Washington and Oregon which
had the capability to influence the container-on-
barge issue — Moses Lake, Othello, Connell and
Tri-Cities, Washington, and Hermiston, Oregon.
The rates for this model were generated through
estimating equations developed by linear regression
techniques. Table 10 shows the results. Moses Lake

and Othello were delineated as origins lying exclu-
sively in Seattle’s hinterland while the Tri-Cities
and Hermiston lay in Portand’s domain. The
breakdown between the hinterland of the two ports
occurred in Connell, Washington. Both Seattle and
Portland were shown as receiving export shipments
from Connell.

The container-on-barge mode was used exclu-
sively for Portland’s shipments. Connell and the

Tavle 9. Processed potato projeciions: Origin 10 U.S. snd port destinstion by made.

Model siternatives  U.5. deslination Gusntity Mode' Qcean port Quantity Mode” % axported
{1,000 cwt twe") {1,000 cwt fwe?)
fdeho Fatls
Base model? Sacramenip 3,003 Rail None None None
Chicago 7,193 Rail
Dallas 4,290 Rail
New York o968 Rail
Total 15,452+ 0
1845 projection Sacramento 3,148 RAait None None None
Chicago 7,183 Rail
Dallas 4,290 Rail
New York a965 Rait
Total 15 598* 0
1980 projection Sacramanic 2,153 Rail None None None
Denvar 1,095 Rail
Chicago 7,183 Rail
Dallas 4,290 Rai!
MNew York 966 Rail
Total 15,6974 0
1885 projection Sacramento 2,254 Aail Houston 148 Breakbulk ral
Denver 1,085 Rail
Chicago 7,193 Rail
Dallas 4,290 Rail
New York a18 Rail
Total 15,7981 0.9
2000 projection Denver 1,085 Rail Houston 148 Breakbuik rail
Chicago 7.193 Rail
Dallas 4,290 Rail
Allanta 2,044 Rail
New York 818 Rail
Totat 15,8924 ¢.8
TA-Cities
Base model Sacramento 448 Rail  Vangouver, B.CS 318 Breakbulk rail
Denver 1,095 Aail Pasco 3.386 Container truck
Atianta 4,154 Rail Portland 3.386 Cantainer barge
Total 9,401 394
1885 projection Sacramento 302 Rai) vancouver, B C. 318 Breakbulk rail
Danver 1,085 Rail Pasco 3532 Contaner truck
Atlanta 4,154 Rail Portiand 3.532 Container barge
Tota! g.40 41.0
1830 projection vancouver, B.C. 318 Breakbulk rail
Sacramento 1,288 Rail Pasco 3678 Contamer truck
Atlanta 4.154 Rait Portland 3678 Containe- barge
Total 9 448 44 3
1985 projection Vancouver, B.C. k) Brezkbulk rail
Sacramento 1,197 Rai Pasco 3826 Cortamer Ttuth
Atlanta 4,154 Rail Portland 3.826 Zomamer barge
Total 9 4485 ail s
2000 projection Vancouver, B.C 28 Breakbuty ranl
Sacramento 3.4, Pasco 3872 Zontaner ruck
Atianta 1,806 Portland 3972 Comaner barge
Totai 9,547 44 9

{Tabie 9 continues next page)
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Tri-Cities intertaced with the river port at Pasco in
the model while Hermiston's potatoes were trucked
to the port of Umatiila for transfer to the river
barge. In the case of Connell exports, the rate that
induced the shipment to Seattle was a breakbulk
rail and breakbulk ocean vessel combination. It was
less expensive than the combined truck, barge and
ocean rate for transporting goods on the Columbia/
Snake.

Destination from U.S. Port by Mode — The
transshipment model depicts the quantities of
dehydrated potatoes shipped from each port to
overseas destinations. The most cost-effective ocean
mode is selected in conjunction with the most com-
petitive inland modc. Table 11 presentsinformation
on the supplying ports for each forcign destination
and the type of ocean vessel used in each projection
period.

Portland was projected as the predominant port
origin for dehydrated exports. The European desti-
nation (Rotterdam), the Mediterranean destination
(Naples) and the Asian destination (Hong Kong)
were always supplied from Portland, and the ship-
ments at all times moved by container vessel, arriving
at Portiand via container-on-barge navigation on

Table 9 {continued).

the Columbia River. The only destination not
served by Portland was the Latin American basing
point of Puerto Cabello. Houston was projected as
the supplving port, also by container vessel, for all
of Puerto Cabello’s imports. The model underiines
the fact that Portland is well suited economically
and geographically to transshipping processed
potato exports from the Lower Columbia Basin.

Sensitivity Analysis — Sensitivity analysis indi-
cates how much an activity’s rate can vary before
the Jevel of that activity changes in the solution.
Once the value of an activity in the basis changes,
the solution is no longer at an optimum level, and
the objective function is not at the minimum. Table
12 shows the activity sensitivity in the base hinter-
land model for dehydrated potatoes.

Table 10. Port hinterland delinestions for processed potatoen in
Washington and Oregon.

Origin River port Mode Ocesn port Mode  Quantily
{1.000 cwt twe)
Moaes Lake — — Seattle C. truck 678
Othsllo — — Seattle B.B. rail 677
Conneil — — Seattie B.B. rail 4393
Connell Pasco  C.truck Portland C. barge 184

Tri-Citiea  Pasco . truck Porftand C. barge 677
Hermiston Umatilta C. truck Portlang €. barge 677

Model slternatives U.S. destination Quantity Modas* Ocean port CGuantity Mode? % sxported
{1.000 cwt fwa’} {1,000 cwt fwa') ’

East Grand Foris

Base model New York 2,384 Rail Houston 148 Container rail

Tota! . 2,532 58

1985 projection New York 2,384 Ranl Houston 148 Container rail

Total 2532 58

1990 projection New York 2,384 Rail Houston 148 Container rail

Totat 2532 58

1985 projection New York 2,532 Rail None None None

Total 2.532 [

2000 projection New York 2,532 Aail None None Nore

Total 2,532 0

Prasciue hale

Base model New York 2818 Rail None None None

Total 2819 0

1985 projection New York 2819 Rail None None None

Total ' 2819 ]

1960 projeciion New Yotk 2619 Rail None Nona None

Total 2819 : 0

1995 projection New York 2819 Rail None None None

Total 2.819% o

2000 projection New York 2,819 Rail Nang : None None

Total 2819 0

‘fwe = frash weight aquivaiency.

‘Breakbuik truck an¢ breakdulk 1aif were the only modes considerad for U.5. destinations. Modes considered for oczan ports inciuded
breakbulk truck. breakbulk rail, containet truck, containsr rail and container barge.

“The base modei was comprised of data averaged from 1971-78. it is representative of the prasent ime period.
*An untransported surplus accumulated at ldano Falls in ach model. The surplus was 205 units in the base run, 59 units in the 1985 pro-

jection, 38 units 10 1990, 16 units in 1985 and 8 units in 2000,

Vancouver. B.C.. is a fimal destination rgther than a transshipment point.



Many of the transportation modes are highly sen-
sitive to changes in their rates. Rates for the ocean
modes were particularly susceptible to increases.
For example, the rate for a container vessel from
Portland to Rotterdam or to Naples cannot rise
abave the current level without causing changes 1n
these variables in the solution. The rate from Port-
land to Hong Kong by container ship can increase
by only 3 percent.

The rates for the inland modes were more stable,
The container-on-barge mode could increase by 76
percent before it would drop out of the solution
which emphasizes this mode’s competitiveness. The
container-on-rail rate between East Grand Forks
and Houston can increase by 70 percent before
changes in the volume of potatoes transported by
this mode would occur. The competitiveness of
container-on-rail shipping may be altered by the
railroad charging the shipper for the delivery of
empty containers. The rate for a long, inland trip
such as this one could be particularly affected. The
sensitivity analysis suggests that if the additional
cost of delivery was 12 cents per hundredweight or
less, the container-on-rail mode would remain in
use. Any increase above this would eliminate the
activity from the solution and a more cost-efficient
alternative would be substituted.

Total Transportation Costs and Savings with
Container-on-Barge — The total base costs for the
production and processing of potatoes for dehydra-
tion and the transporting of these products to do-
mestic and foreign markets was $183,780.671. Costs
to produce the potatoes comprised 55 percent of
the total. Processing costs accounted for 34 percent,
and the transportation portion was 11 percent.

The base model was run without including the
container-on-barge mode to determine the cost
savings that river transportation provides to North-
west shippers. The total cost without container-on-
barge shipping was $184.131,203. The costs of
production, processing and domestic transporta-
tion remained the same, but the cost of shipping
exports from origin to ports increased by 83 percent
aver the base model. The cost of shipping from ports
to overseas destinations increased by approximately
| percent. Table 13 summarizes this information,

B. Fresh Potatoes

Origin to Port by Mode — The lowest-cost
exporting system for fresh potatoes was outlined in
the base period and forecasting models. Table 14
presents information on the quantities of potatoes
shipped from origin 1o port destinations as well as

Table 11. Proceasad potaio projections: U.S. port to ovarseas destination by mode.

Destination Base model’ 1985 projection 1990 projection 1995 projection 2000 projection
Port origin Houston Hauston Houston Houston Hauston
Puerto Cabello Quantity? 148 148 148 148 148
Mode Container ship Container ship Container ship Container ship Container ship
Pori origin Porttand Partland Portland Portland Partland
Rotterdam Quantity 2116 2,192 2.268 2.345 Z2.421
Mode Cantainer ship Container ship Container ship Comainer ship Container ship
Port arigin Portiand Portland Portland Porttand Portiang
Naples Guantity 100 100 100 100 100
Mode Container ship Container ship Container ship  Cantainer ship Containgr ship
Port origin Portland Portland Porttand Portiand Portlang
Hong Kong CQuantity 1,170 1,240 1.310 1,381 1.451
Moda Container ship Container ship Container ship  Container ship Cantainer ship

'The base model, representing the present time period, was comprised of data averaged from 1971-78.
Quantities are in 1,000 cwt twe (fresh-weight-equivaiency).

Teble 12. Sensitivity anatysls of exporting activities in processed polato solution.

Actlvities in solution of base model

Range in rates

Origin Mode Destinallon Actual Rate! Low % change High s change
{$/cwt)
Tr-Cities Breakbulk rail Vancouver, B.C. $0.203 1] 100 0467 130
Tri-Cities Container truck Pasco 0 0 4] o078 -
Tn-Citigs Container barge Portland 0.103 o 100 0181 76
East Grang Forks Container rail Houston 0.165 1] 100 0.281 HY
Portland Container ship Rotterdam 1.312 o 100 1.312 z
Portiand Container ship HNaples o 1.1Bg o 100 1188 C
Portiand Container ship Hong Kong 2573 2573 0 2 651 kS
Houston Container ship Puertc Cabello 0.98 0.75 23 1. 086 12

‘Rates converted to a fresh-weight-équivatency basis.
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the modes used. Few changes took place between
the optimum distribution in the base model and
those in the projections. Portland was never selected
as a transshipment port, indicating that the con-
tainer-on-barge mode was not as competitive as
other transportation alternatives, The predominant
mode of shipping used was breakbulk truck.

Tahis 13. Tolal production, processing and ransporiafion costs
tor processed poletoss In base model, per cwi.

Bass model
Basw hinteriand  wlthout
modsl conlalner-barge

$100,380,920 $100.380.920

Cost of production?

Percent of total 548 545
Cost of procassing? $63,306,130  $63,306,130
Percent of tofal 344 4.4

Cost of transportation from:

1. Origin to U.S. destinations $131.670.001 $13.670,001

Percent of 1o1al 880 66.9
2. Origin 10 transahipment ports $373,178 4683 930

Percent of total 1.8 K i)
3. Port to overseas destinations  $6.050.442 $6.090,222

Parcent of total 301 2938
Totat transportation cost $20.083.621 $20.444153
Percent of tota 10.9 1.1

Tatal production, procassing

#nd transportation costs $183,780871  $184,131,203

'On a fresh-weight-equivalsncy.

Only costs for production and processing of potatoes that are
marketed gre computed in the objective function. Surplus pro-
duction is not included,

1daho Falls was projected to supply the majority
of averseas exports from the Northwest. The con-
tainer-on-rail mode was selected as the most cost-
effective method of transporting these shipments.
The other market for Idaho potatoes was Vancouver,
British Columbnia.

Because of the distance between ldaho Falls and
Seattle or Portland, Northwest ports dont neces-
sarily have a locational advantage over other Pacific
Coast ports for exporting ldaho potatoes, The rail
mode tends to be used more predominantly for
longer shipping routes; thus, these exports could
as easily be terminated at more southerly Pacific
ports. The viability of the container-on-rail mode
for long, inland shipments such as these depends a
great deal on whether the shipper or the carrier
bears the cost of delivery and handling of containers.
Our models assumed the carner absorbed this cost.

Practicaily all of the supplies on hand at Moses
Lake were shipped to British Columbia. A slight
i percent was transported to Seattle in the early
periods to fulfill overseas demand. All shipments
from Moses Lake used conventional breakbulk
shipping. These results again emphasize that the
Moses Lake area is a natural hinterland for the port
of Seatutle.

Destination from U.S. Port by Mode — The
ocean leg of the exporting system was delineated in
the models and is represented in Table | 5. The Euro-
pean destination of Rotterdam was supplied com-

Tabla 14. Freah potate projections: origin o porl destination by mode.

Model Idaho Falls Mones Leke Exsl Grend Forks
siternatives Ocean port  Quantity Mods' Qcean port  Quaniity Mode' Ocean porl Quantity Mode’
{1,000 cwt) {1.000 cwt] (1,000 cwi)

Base Seattle 1,086 C. rail Seattie 44 BB. truck Vancouver, 523 BEB. truck
madel? vangouver, 100 BE. truck Vancouver, 3378 BB truck BC.

BGo BC.?
Total 1.166 3,422 523
1985 Seatlle 1,066 C. rail Seattle 46 = BB trugk Vancouver, 525 BRB. truck

~projection  Vancouver, 100 BB. truck Vancouver, 3376 BB. truck BC -

8C ac
Total 1,166 3.422 525
1680 Seattle 1,114 G rail Vancouver, 3422 B8. truck Vancouver, 527 BB. truck
projsction  Vancouver, 52 BB. truck BC. BC

BC
Total 1,186 3,422 530
1995 Seattle 1.117 C. rait Vancouver. 3422 BB truck vancouver, 530 BB truck
prpiection  Vancouver. 45 BB truck B.C BC.

B.C
Tota 1.166 3.422 48
2000 Seatite 835 C. rail Varcouver. 3.422 BB fruck Vancouver. a8 8B truck
protection  Vancouver. 531 BB, rait B.C 8.C

8L
Totat 1,166 3.492 ' 48

'BB. truck = breakbuik truck, BR rai = breakbuik rail. C. rail = contairer rail. :
‘The base model was compnsed of data averaged from 1971-78. it is representative of the present time period.
Vancouver. B.C.. and Mexico are actuafly final destinations rather than transstipment points.



ptetely from the port of Seattle in all but the year
2000. In that year, New York was projected to
supply 45 percent of Rotterdam's potatoes while
Seattle’s share decreased to 55 percent. Seattle was
projected to fulfill all of the Asian demand at the
Hong Kong basing point. The ports of New York
and Portland, Maine, through varicus combina-
tions of shipments, supplied all exports to the
Caribbean destination (Santo Domingo), the Latin
America basing point (Buenos Aires) and the Medi~
terranean destination (Naples).

The ocean mode which served the largest number
of routes in the projections was breakbulk vessel.
The ocean mode that carried the largest quantities
of potatoes was container vessel,

An interesting shift in port shares occurred be-
tween the base period and the year 2000. Originally,
Seattle was projected as the port origin for 63 per-
cent of total exports, New York as the origin for
28 percent and Portland, Maine, for 9 percent. In
the final period, Seattle’s share had decreased to
36 percent while New York’s had increased to 36
percent and the share from Portland, Maine, had
risen to 28 percent. The increasing fuel costs for
the inland modes seemed to provide the impetus for
this shift. As the rate for truck transportation in~
creased more severely than for rail because of
efficient use of fuel by the latter, the level of ship-
ments from Idaho Falls to Seattle was curtailed.
Rait shipments from Idaho Falls to Canada were
substituted for more costly truck shipments from
East Grand Forks. Other adjustments resulted in

Table 14, (continued).

the higher levels of export from Portland. Maine,
and New York City ports.

Sensitivity Analysis — Table 16 shows the trans-
portation rates sensitivity in the base model for
fresh potatoes. Sensitivity analysis portrays the
amount a single rate can vary before the optimal
mix of activities inthe solution is changed, assuming
all other rates remain static. The modes arc highly
sensitive Lo increases in their rates. indicating that
the solution’s variables could change substantially
with only slight increases in transportation charges.
The ocean tmedes were the most acutely sensitive,
with increases of Jess than | percent causing changes

" in the levels of these activities, Inland modes were
highly sensitive as well. The container-on-rail rate
between Idaho Falls and Seattle could increase by
only 5 percent before it would be eliminated and an
alternative mode selected.

Total Transportation Costs — The total base
costs for producing and packaging {resh potatoes
for shipment and transporting these potatoes to
foreign destinations were $59,416,220. The cost of
production contributed 30 percent to the total, the
cost of packaging 21 percent and the cost of trans-
portation 49 percent. The cost of shipping fresh
potatoes from origin to transshipment port ac-
counted for 31 percent of the overall transportation
charge while the costs from port to overseas destina-
tion contributed 69 percent. This information is
shown in Table 17. Since Columbia;Snake river
transportation was not a parnt of the least-cost
distribution system, container-on-barge shipping
offered no savings to exporters of fresh potatoes.

Mods! Alamoss Presque isie Long island

siternatives Ocesn port  Quanitly Mode' Ccesn port  Quantity Moda® Ocsan porl  Quantity Mode'
{1.000 cwt) {1,000 cwt) {1.000 cwi}

Base Mexico’ 219 BA. truck Portland, 166 BB. truck New York 484 B8, truck

model Maine

Total 219 166¢ 484

1985 Mexico 219 BA. truck Partland, 166 BB. truck New Yaork 484 88, truck

projection Maine

Total 219 _ 166 484

1990 Mexico 219 BB truck Portiand, 166 BB. truck New York 484 BB. truck

projaction Maine

Total 219 166 484

1995 Mexico 219 BB. truck Portland, 166 BB. truck New York 484 BB truck

projection Maine

Total 219 166 484

2000 Mexico 219 B8. truck Portland. 650 BB truck New York 4B4 £ truck

projection Maine

Total 219 650 484

1An untransported suiplus accumulated at East Grand Forks in each model. The surplus was 2,915 units «n the base. 2,813 unns 0 the
1885 projection. 2.911 units 1n 1980, 2.908 1n 1895 and 3.390 in 2000

‘An untransported surplus of 2.715 umits accumulated at Alamosa in each mode!
£An untransported surplus accumulated at Presque [sie in each model. The surphus was 4 003 urnts from the base perad througr 19892 and

3,525 units in 2000
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Table 15, Frash potato projections: U.8. porl {0 oversem daestination by monds.

Destination Baw moder 1985 projection 1980 projeciion 1995 projection 2000 projection
Santo Domingo Port grigin New York New York New York MNew York New York
Quantity! 149 149 149 149 149
Mooe Breakbulk ship Bregkbulk ship Braakbulk ship Breakbuik ship Breakbulk ship
Buenos Aires Port origin Neaw York New York Now York Portland, Mane  Portland, Maine
Qusniity 133 123 133 133 132
Mode Breakbulk ship  Breskbulk ship Breskbulk ship  Breakbuik shup Breakbulk ship
Rotterdam Port origin Seattle Seatlie Soattle Seatlle Seallls
Cuantity 1,006 1.068 1.068 1,066 582
Mods Cantainer ship  Container ship  Cortainer ship  Container ship Contsiner ship
Port origin New York
Quantity 484
Mode Container ship
Naples Port origin fortiand, Maine  Porttand, Maine  Portland, Maine  Portland, Maina  Portland, Maine
Quantity 186 186 166 368
Mode Bresktulk ship  Breakbulk ship  Breakbulk ship  Breakbulk ship Braawbulk ship
Port origin Néw York New York New York Naw York
Quantity 202 202 202 335
Mode BroakBulk ship  Braakbuth ship Braskbulk shugp Breakbu'k ship
Hong Kong Port origen Sealtle Senttle Saattls Seattle Seattle
Cusntity 44 48 48 5 53
Moda Braakbulk gship  Breakbulk ship Contmner ship Container shig Container ship

‘Tha base model. represanting the present lime peariod. was comprised of date averaged from 1971-78.
Quantities ard in 1,000 cwi.

Table 16. Soneitivity analysis of irensportation rates in fresh potato solution.

Activities in solution of bass mode Range in rates
Origin Mode Duestination Actusl rale Low % change High % change
) ($/cwt)

asho Fally Comainer tail Sasitle $1.84 1.9 0.5 2.04 5
idaho Falls Breakbulk truck Vancouver. 8 C. 210 175 17 2.1 0.5
Mosas Lake . Bragkbulk truck Seatlie 070 033 EX] 074 6
Mosss Lans Bretkbulh truck Vancouver. B C 110 106 4 148 32
East Grang Forks Broakbulk truck vancouver, B.C 158 155 0.3 kN7 7
Alamosa Breakbulk trugk Maxico 235 0 100 K3 ar
Praagque Isie Broakbutk truck Postland, Maine 110 066 40 111 09
tong isiand Breakbuik truck New York 070 0 100 Q75 7
Sealtle Container shup Rottargam 11.88 Q 100 11.88 08
Seattle Bresdbulk ship Mong Kong 11 A4 1197 3 11 48 03
Portiand, Maine BreskbDulk ship Naples 14.89 14 45 k] 14 .89 0
New York Breaknulk ship Santo Domingo 813 o 100 6.13 0
New York Breakbutk ship Buenoa Auvea 569 \) W00 563 0
Naw Yok Breshbuik stup Naples t4 07 14.02 04 14 07 0

‘Transporistian tated 10 Menico wers not avaiiable Cost of shipping was approximated using Brownsvilis, Texas, a5 a representaleve

poand

Tabla 17, Totsl praduction, processeing siwd renaporistion costs for fresh polaicss In base model, per cwi.

Base hinteriand Base hinteriand
model maodel
Coast of production’ $17.865 320 Cosit of transportation from:
Percent of total 301 1 Ongin to iransshipment port §8,822,570
Cost of processing’ $12.476 870 *= of tota! 07
Parcent of totat 210 ¢ Portto overseas destination 3200151450
% of total __ 683
Total iransportation cost $29.074,030
Percant ot 1olgl 489
Only costs 1gr produchion and processing of potatoes that are Total
. : produchan. processing and
marketad are computed (n the obyective Tunction. Surptus pro- transportation cgsta ¢ $59.416 220

guchon 18 nol nmcisded.
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Conclusions and Implications

This report analyzed the existing and potential
export marketing systems for fresh and processed
potatoes. Transshipment models representative of
national production regions were used. Estimates of
changes in supply and demand were incorporated
into projections of exports over the next 20 years.
Probable use of the Columbia/Snake waterway was
examined along with which acean ports will serve
as export points.

Extensive data requirements are associated with
these lincar programs. Information on production,
use, domestic consumption, foreign demand, mar-
keting and transportation costs and shipping
practices were assemblied and tabulated. These
inputs emerged in the base hinterland models as
the least-cost solutions to potato exporting.

Total Marketing Costs

The transportation costs projected in the forecasts
increased slightly from the base period. Costs of
distribution of processed potatoes were projecied
1o increase by 9 percent in the year 2000 while costs
for fresh potatoes increased by only 3 percent.

Container-on-barge shipping slightly decreased
total costs for exporting dehydrated potatoes in the
models — only a 0.2 percent reduction — but the
container-on-barge mode was projected to capture
approximately 40 percent of shipments. Exporters
of fresh potatoes were located too distant from the
waterway 1o use its services economically.

Sensitivity analysis suggested that many of the
transportation modes were near their upper range
of stability. In the competitive pricing environment
of carriers, only slight changes in rates will sub-
stantially redistribute shipments among alternate
modes of transportation. The energy component of
the inland transportation rates was increased by
35, 50. 100 and 150 percent for the forecasts: all
other prices heid constant. The selection of inland
mode was not greatly influenced by these increases.
. The modes brought into the sotution of the base
hinterland projections were the most cost efficient
for a given route. Their consistency al selection in
the forecasts would indicate that they are also the
most fuel efficient for a given cost.
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Container-on-Barge:
Study Implications

The container-on-barge mode was projected te
find greatest use with processed potatoes. Container-
on-barge was not selected for transporting fresh
potatoes. Approximately 40 percent of dehydrated
shipments travelled by barge in the forecasts. Aj-
though the overall savings in marketing costs
provided by Columbia;Snake nver transportation
was negligible, the decreased costs to the Washington-
Oregon production region were projected 10 be
quite high. An 83 percent increasc in the costs of
shipping dehydrated potatoes from origin to trans-
shipment port occurred when the container-on-
barge mode was excluded from the model

Hinterland Delineation:
Study Implications

Results of the transshipment model indicate
that Portland is the least-cost ocean port for pro-
cessed potato exports, and Seattle 15 the least-cost
ocean port for fresh potato exports. Middle Colum-
bia area ports were projecied as the least-cost river
terminals for container-on-barge shipping. The
economic hinterland for the Columbia Snake river.
and by extension Portland and other downriver
ocean ports. is limited to shippers who are adjacent
or near the waierway. These shippers will have an
advantage for using the container-on-barge maode
for their exports. Generally. the Middle Columbia
was projected as a user area for container-on-barge
shipments while the Upper Columbia was not.

Export Projections

The transshipment models were used 1o furecast
probable levels of potato exports in the future and
to identify the portion of these exports that might
econamically use container-on-barge shipping.
Moderate increases in demand forimports of debs -
drated products were projected over the penod.
Onlv very slight increases were forecast tor {rosh
potatoes. The container-on-barge mode was not
chosen #s a least-cost transportalion altcrnative
for fresh potatoes. but it was consistenthy ~elected
as an ecconamical method of shipping provessed
products downriver 10 Portland for export.



Cargo projections of dehydrated potatoes on the
Columbia/Snake river system were forecast as
564,333 cwt in the base hinterland model, 588,667
cwi in 1985, 613,000 cwt in 1990, 637,667 cwt in 1995
and 622,000 cwt in the year 2000 (on an actual pro-
duct weight equivalency). These projections may
overstate the actual potential for container-on-barge
shipping of processed potatoes to the extent that
Upper Columbia Basin processors are not fully
represented by the Tri-Cities production origin.

Shipping conditions in the Moses Lake area may
dictate different transportation economies than in
the Lower Columbia. However, confidentiality of
information concerning supplies in the region neces-
sitated aggregation of data into single, representa-~
tive points. Models with greater disaggregation
would more fully describe the physical export sys-
tem available to individual shippers within the
Northwest. '
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Appendix A

Baseline Activities — Fresh Potato Model: Routes, Modes and Rates.

Rate Rate
Acthyity Mode® (Ti)percwl Activity Mode' (T, )percwl
idsho Fails 1o Lewiston C. truck $ 401 Alamosa 1o Mew York HB. rail 420
Idaho Falls to Lewlston C. rail 2.70 Alamosa to Vancouvar, Canada BB. truck 168
Wiaha Falls ko Pasco C. truck 4.18 Alamoga to Vancouver, Canada BB. rai! 393
idaho Falls to Pasco C. rail 3.47 Alamosa to Mexico City, Menico? BB. truck 2.35
§ ity, ice? 8. rail 3.8
idaho Falls to Umatilla C. truck 3.82 Alamoza to Mexico City, Mexico 8. ra ¢
idaho Falls to Umatilla C. rait 3.69 Presque isle to Portland, Maine BB. truck $ 130
ldaho Fails to Portland BB. truck 1.75 Presqua |ste to New York BE. truck 2.05
Idahc Falls to Portland C. truck 513 Presque sl to New York C. truck 462
|daho Falls o Portland 88. rail 216 Long Islang 1o New York B88. truck 0.70
idaho Falis 10 Portiand C. rail 2.04 Long Island to New Yark C. truck 0.75
Ideho Fails to Seattle BB. truck 2.2 Long istand to New York BB. rail 1.80
Idaho Falls {0 Seattle C. truck 581 Long Isiand to New York €. rait 5.69
:g::g ::::: :g g:m: gerﬁ il f;g Lewiston to Portland® C. barge 122
idaho Fails to New York BB. truck 4.89 Pasco fo Portland? C. barge 1.04
ldaho Fails to New York BB. rait 477 ]
Idaho Falis to Vancouver, Canada  BB. truck 210 Umatitla to Ponland® C. barge 104
Idaho Fails to Vancouver, Canada BB rail 228 i shi 13
idaho Falls to Mexico City, Mexico? BB. truck 4.19 :2::::‘,3 :g gﬁﬂ‘:ofiﬁ;’;g" gg_s slr?;p 1222
idaho Falis to Mexico City, Mexica? BB. rail 410 Portland to Buenos Aires ¢ ship 15.74
Mones Lake to Pasco C. truck 0.52 Portiand to Rotterdam BE. ship 12.48
Mases Lake 10 Pasco C. rail 507 Portiang to Rotterdam C. ship 11.88
Moses Lake to Lmatilla C. truck 0.85 Portland 10 Napies BB. ship 1279
Moses Laka to Umatilla C. rail 548 Portland to Naples C. ship 12.17
Moses Lake to Portiand 8B truck 080 Portland to Hong Kong BB. ship 11.44
Moses Lake io Porlland C. truck 202 Portiand to Hong Kong C. ship 1124
Moses Lake to Partland B8. rail 169 Seattle 1o Santc Domingo C. ship 1268
Moses Lake to Portland G. rail 3.66 Seattie to Buenos Ai re.'.g B8. ship 16.82
Moses Lake to Saattle BA. truck Q70 Seattle to Buenos Ares C. ship 15.74
Mogaea Lake to Seattle C. truck .29 Seattle 1o Aotterdam BB. ship 12 48
Moses Lake to Seattie 88. rail 188 Seattie to Rotterdam C.ship 11.88
Moses Lake to Seattie C. rail 366 Seattle to Naples ap. ship 1273
Moses Lake 10 New York BB. truck 5.60 Seattle to Napies C. ship 1217
Moses Lake 10 New York BB. rait 512 Seattle to Hong Kong BB. ship 144
Moses Lake to Vancouver, Canada  BB. truck 110 Seattla to Hong Kong C. ship 11.24
Moses Lake to Vancouver, Canada  BB. rail 207 i 1
Moses Lake 10 Mexico City, Mexica? BB. truck 4.96 ::: :g:: :g 2:2:;’ g‘;ﬁ::gg EB;.,EI’D"’ 213
Moses Lake to Mexico City, Mexico® a8. rail 447 Mew York to Buenos Aires 8B snip 559
£. Grand Forks to Portland BB. truck 342 New York to Buenos Aires C. ship_ 569
E. Grand Forks to Portland 8B. rail 288 New York to Rotterdam BB. ship 15.40
E. Grand Forks to Seattie BB, truck 385 New York 10 Rofterdam € ship 1423
E. Grand Forks to Seattle BB. rail KX} New York to Naples B8 ship 14 07
E. Grand Forks to Naw York BB. truck 410 New York to Naples C. ship 14.07
) New York to Hong Kong BB. ship 3583
E. Grand Forks 1o New York BE. rai .65 New York ta Hong Kong C ship 35 83
E. Grand Forks to Vancouver, B.C.  BB. truck 351
£. Grand Forks to Vancouver, B.C. BB. rail 4.08 Portland, Maine to Santo Dominge B8 ship 695
E. Grand Forks to Mexico City. Mex.? BB. truck .56 Portland, Masne to Buenos Aires 88 ship 6.51
E. Grand Forks to Mexico City, Mex < BB. rail 4.08 Pottland, Maine to Rotterdam BB ship 1622
Fortiand, Maeine to Naples BB ship 14 89
Alamosa to Portiand BE. truck 3.25 Portiand. Maine to Hong Keng 28 ship 36.53
Alamosa to Porlland BB. rail a53
Alamosa to Seattle BB. truck 342 Transporiation rates to Mexico City were not avaiatie Cost
Alampsa to Seattle BS. rait 375 of shipping to Mexico City was approx:mated usirg Brownsilie,
Alamosa to New York BB, truck 500 Texas. as a representative pomi

C. truck = container on truck; BB truck = breakbuik truck: . rail
= container on rail; BB. rail = breakbulk rail, C. barge = container

on barge: C. ship = container ship: BB. ship = breakbulk ship.

Cpntainer-on-parge rates for fresh potatoes were estimated
by doubhing the charges for shipping ored ootatoes There 15
no refrigerated barge service on the Columbia Srmake river Bys-
tam at present. s0 No rates were avaslable



Appendix B

Baseline Activities — Processed Potato Model: Routes, Modes and Rates.

Rate (V) Rale (T\,)

Activity Mods® par cwt, twe? Actlvity Mode' per cwt, twe?
ldaho Falis to Sacramento BB. truck sor7oA Trn-Cities to Pasco C. truck 09
ldaho Falls to Sacramenio B8B. rail 0.288 Tr-Cities to Umatilla C. truck 0083
idaho Falls 1o Derwer BB. truck 0818 Tri-Cities to Portland BA. truck 0.544
ldaho Falis to Denver BB. rail 0.443 Tri-Cities to Portiand C. truck 0222
lgaho Falis to Chicago BB. truck 1.132 Tri-Cities to Portiand B88. rail 0.147
idaho Faiis to Chicago BE. rail 0.488 Tri-Cities to Porttand C. rail 0.350
idaho Falls 10 Datias BB. truck 1107 Tri-Cities to Seattle BE. truck 0.544
idaho Falls to Datias BB. rai 0.563 Tri-Cities to Seattle C. truck 0.22
i¢aho Falis 1o Atlants BB. truck 1.380 Tri-Cities to Seattle 88. rail Q157
itaho Falls to Atlants 8. rail 0.858 Tri-Cities to Seattie C. rail 0.347
tdaho Fails to New York BB. truck 1.540 Tri-Cities to Bay Area 8B. truck 0.793
idaho Fails to New York BB. rgit 0932 Tri-Cities to Bay Araa GC. truck G.708
igaho Falis to Vancouver, Canada  BB. truck 1.070 Tri-Cities to Bay Area 88. rail 0.365
idaho Falis to Vancouver, Canads BB, rail 0447 Tri-Citigs to Bay Area C. rait 0.257
idaho Falls to Lewiston C. truck 0472 Tri-Cities 10 Houston BB. truck 1.297
ldahc Falis to Lewistan C. rail 0.317 Tri-Cities 1o Houston Bb. rail 0.747
Idaho Fatis to Pasco C. truck 0.497 Tri-Cities to Norfolk BB. truck 1654
idaho Falls to Pasco C. rail 0.333 Tri-Cities 1o Narfolk BH. rail D94
'daho Falls to Umatitia C. truck 0.455 E. Grand Forks to Denver B0. truck 0.753
idaho Fala to Uimatitia C. rait 0.340 E. Grand Forka to Denver BB. rait 0335
tdaho Fails to Portiang BE. truck 0.653 E. Grand Forks 10 Chicago BB. truck 0573
idaho Falls to Partiand C. truck as5a7 E. Grand Forks 1o Chicaga BB. rail 0273
ldaho Falls to Portlang BB. raid 0293 E. Grand Forks to Dailas B8. truck 1.062
ldahg Falls t¢ Portiand C. cail 0278 E. Grand Forks to Dallas B8. rail 0.383
idaho Fala o Seattle BB, truck 0.675 €. Grand Forks to Attanta BB. truck 1.028
{daho Fally t0 Sesattls C. truck 0.857 E. Grand Forks to Atlanta BB. rail 0.405
Igatio Fails to Seattle 88. rail 0325 E. Grand Forks to New York 8B truck 1108
ldaho Falls to Seattis C. rail 0.295 E. Grand Forks to New York 8B. rail (.490
Idaho Fails to Bay Area BA. truck 0.708 E. Grand Forks to Vancauver. B.C. BB truck 1108
Idaha Faits to Bay Area C. truck o717 E. Grand Forks to Vancouver. BC.  BB. rail 0.605
Idahe FaHs to Bay Area B8. rail 0288 E. Grang Forks to Houston BB truck 1.200
daho Falts to Bay Area C. rad 0.250 E. Grand Forks to Houston C. truck 1.320
Idaho Falis to Houston BB. truck 0830 E. Grand Forks to Houston BA. rait 0.458
Idaho Falls to Houston BB. rail 0593 E. Grand Forks to Houston C. rail 0.165
idaho Falls to Norfolk BE. fruck 1470 .

- Presque Isia to Chicago BB. truck 0.800
Idaho Falls 1c Norfolk B8. rail 0.932 Presque Isle to Chi mg " a8 ran 0.497
Trn-Cities to Sacrameanto BB, truck 0.764 Presque isle to Atlanta 8B8. truck 0.982
Tri-Gitios to Sacramento BB ra:t 0.308 Presque tele tg Atlanta BB rai 0.560
Tri-Cities to Denver BB. truck 0.927 Presquae isle to New Yark BB truck 3503
Tri-Cities to Denver 8B rail 0413 Presque Isie 10 New York BB. raii 0.300
Tri-Cities 1o Chicago B8 truck 1262 Prasque Isie 10 Norfolk BB. truck 0.830
Tn-Cities to Chicago BB. rait 0&78 Presque tsie to Norfolk C. truck Q.870
Tr-Cities to Calias BB. truck 1.221 Presque Isie to Nortoik BE. rait 3.435
Tri-Cities to Dalas 8B ral 0667 Presque Iste to Nortolk C. rail 0227
Trn-Cities to Atlanta BR truck 1 488
Tr-Cities to Atfanta BE. rai! pra7
Tr-Cities 1o New York BB. truck 1.559
Tri-Citigs tr New York BE. rail 0.953 'C. truck = container on truck: BB. truck = breakbulk truck: . ra:l
Tr-Cities to Vancouver. Canada BE truck 0.604 =contamar on rail: 8B, rail = breakbulk rail: C. barge * container
Tri-Citias to Vancouver, Canada BR. rail 0.203 barge; C. ship = container stup; BB. ship = breakbulk ship.

“Rates were converted o a fresh-weight-equivaiency.



Appendix B (cont'd).

Rate (Tllk) Rate (T

! )

Activity Mode'  per cwt, iwe? Activity Mode'  per cwtt, hee?
Lewistan ta Portland C. barge 0117 gay Area to Naples BB ship 1,550
Portland C b ay Area to Naples C ship 1.188
Pasco to arge 0.103 Bay Area to Hong Kong 8B stup 2607
Umatilla to Portland C. barge ¢.103 Bay Area 10 Hong Kang C ship 2573
Portland to Puerto Cabello 8B. ship 1.077 Houston to Puerto Cabello 8B. ship 1116
Portiand 1o Puerto Cabello C. ship 2957 Houston to Puerte Cabello C. ship 0.980
Portland to Rotterdam BB. ship 1.715 Housion to Rotterdam BH. ship 1.148
Partland to Rotterdam C. ship 1312 Housten to Rotterdam C. ship 1018
Portland to Naples BB. ship 1.550 Houston to Naples B8 ship 1.728
Portland to Naples C. ship 1.188 Houstan to Naples C.ship 1.508
Portland to Hong Kong BB. ship 2.607 Houston to Hong Kong B8. ship 3.905
Portland to Hong Kong C. ship. 2573 Houston te Hong Kong C.ship 3.708
Seattle to Puerto Cabetlo BB. ship 3077 Nerfolk to Puerto Cabeita BB ship 0.960
Seattle ta Puerto Cabello C. ship 2857 Norfoik 1o Puerto Cabello C. ship 960
Seattle to Rotterdam BE. ship 1715 Norfolk to RAotterdam BB. ship 2558
Seatte to Rofterdam C. ship 1.312 Norfolk to Rotterdam C. ship 2.363
Seattta to Naples BB. ship 1.550 Norfoik to Naples BB, ship 1.287
Seattie to Napies C. ship 1.188 Nortoik to Naples C. ship 1287
Seattle to Hong Kong BB. ship 807 Nortolk to Hong Kong 86 ship 3755
Seaﬂlg to Hong Kong C. ship 2573 Norfolk to Heng Kong C.ship 3708

Bay Area to Puerto Cabello B8, ship 3.077 .

Bay Area to Puerto Cabello C. ship 2857 'C. truck = container on truck: BB. truck = breakbulk truck; C. rail

Bay Area to Rofterdam BA. ship 1.715 = cantainer on rail; BB. rail = breakbulk rai; C barge = comainer

Bay Area ta Rotterdam C. ship 1.312 on barge, C. ship = container ship: BB. ship = breakbulk ship.

Rates were converted 10 a fresh-weight-equivalency.

Appendix C
Projections of Increases in Demand for Processed Potatoes
Based on Income Elasticities

The clasticity of income is mathematicaily defined as: 2. Projections of changes in income ¢ AY):
Ey = ¢AQ A 5C; annual average growth rate in real GNP
yrixox . : S -
GAY was estimated to occur in Asia from 1978-90, and
. . .. a 3¢ rate was projected {or Europe {Fxxon Cor-
where Ey= income elasticity poration 1979).
Q= quantity demanded 3. Equations:
Y = income
Region High Range I.ow Range
' Asia 02329 = L A0 01006 = 7 A0
L. Measures of income elasticities (E,): 05 08
A high measure of .2539 for demand of all potato SQ = 127 £Q = 0503
products in the U.S. (O'Rourke 1980). and a low 13539 = 20 51006 < ¢ L0
measure of 0.1006 for demand of instant mashed Furope 0.2889 =, 2Q :

~ -Potatoes in Canada (Hassan 1977) were used in _-”3 \-“-‘ '
* - the projections. AQ = Q.71 LQ = 03020
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SERVING THE STATE

Teaching ... Rasearch ... Service ... this is the three-fold charge
of the College of Agricuiture at your state Land-Grant institution, the University
of idahe. To fulfill this charge, the College extends its faculty and resources to
all parts of the state.

Servics . .. The Cooperative Extension Service has offices in 42 of Idaho's 44
counties under the leadership of men and women specially trained to wark with
ayriculture, home economics and youth. The educational programs of these
Coliege of Agriculture facufty members are supported cooperatively by county,
state andd federal funding. '

Ressarch ... Agricultural Ressarch scientists are located at the campus in
Moscow, st Research and Extension Centers near Aberdeen, Caldwell, Parma,
Tetonia and Twin Falls and at the U, S, Sheep Experiment Station, Dubois and
the USDA/ARS Soil and Water Laboratory at Kimberly. Their work includes
resaarch on every major agricultural program in ldaho and on economic activi-
ties that apply to the state as a whole.

Teaching ... Centers of College of Agriculture teaching are the University
classrooms and laboratories where agriculture students can earn bachelor of
science degrees in any of 20 major fields, or work for master’s and Ph.D. degrees
in their specialties. And beyond these arg the variety of workshaps and training
sessions developed throughout the state for adults and youth by Callege of Agri-
cuiture facuity.

N J

NATIONAL SEA (RANT DEPUSITORY
PELL LiBRARY SUILDING RECEIVED
URL, NARRAGANGEIT BAY CAMPUS : NATIONAL sE4
NARRAGANSETT, RI {2882 DAIE.APRS?E&%OSHGW
Sty )



