
BUltetin No. 6!9DRF SU-T- 92-008 C, 6"

A gri cu>tura/ Experi men t S tation

UniversIiy o< IcIaho
College of Agric0<ture

MQK kw881I Expoft Shipping of
Po� o PI'o@ucts K<~ml 8'5h [5P!

~.'s Ev LI IIcyosILIoq
� Hinterland Deli neation

And Growth Potential



IN TRODUCTION. 3
Study Objectives.

Sf UIDV METHODOI OGY AND PROCEDURES
The Objective Function., 4
Data Requirements 4

Origins and Destinations. 4
Supply and Demand, ...,...�,... 6
Production and Processing Costs �.......,.......,.. g
f r anspor tati on Modes and Rates,.........,......... g

Transshipment Model Alternatives and Projections�9
Potential for Increased Exports,.............r....,... 9
Growth in Demand 9
Growth in Supply. ,I0
Energy Efficiency of Inland Modes.......��.....,.10
Summary ol' Model Alternatives ..........,...,...... I I

, I5
,. I5
..I6
.. I7

..!7

... I9

...19

�,19

... I9

l9

REFERENCES CITED 20

,12
12

...I4
14

Acknowledgment
This work is a result of research sponsored by the

National Oceanic and Atmospheric Administration.
Office ol' Sea Grant, Department of Commerce, under
Grant 04-7-l5g-440g5 tproject R L'l-4, Mathematical
Programming Models for Projecting Cargo Mosements
Via Snake-Columbia Riser Ports!,

The project vas funded partll by the Oregon State
University Sea Grant College Program. Corsa!Iis, Oregon.
by the Agricultural Experiment Station, College of Agri-
culture. University ot' Idaho, and by participating govern-
ments and private industry.

The Attthors

Published and distributed by the
Idaho Agricultural Experiment Station

R. J. Miller, Director

University of Idaho College of Agriculture
Moscow 83843

The Lrnrvers r; Oi IeehO Or<err eS prOSrerOS er Si 'eeilrnes rO ell pr.op'e ~ Shoo'
. eee. e eed color, sex, O«eS O al Orrgrrr,

RESUL fS .
A. Processed Potatoes.

Origin to Port by Mode
Destinatton from U.S, Port by Mode.....
Sensitivity Analysis .
Total Transportation Cost and Savings
with Container-on-Barge .

B. Fresh Potatoes
Origin to Port by Mode
Destination from UI,S. Port by Mode..
Sensrtrvity Analysis
Total T ra os port at i o n C osts .

CONCI.USIONS AND IMPI.ICA I IONS ��
Total Marketing Costs....,.�..�...,...

Container-on-Barge, Study Implications....�.
Hinterland Delineation: Study lmplicatirrns ..

F xport Projections

APPENDIX A
Baseline Activities - � Fresh Potato Model:
Routes. Modes and Rates..

APPEN DIX B
Baseline Activities � Processed Potato M odel;
Routes, Modes and Rates,....

APPENDIX C
Increases in Demand for Processed Potatoes Based on
Income Elasticities., 23

Marie Powetl is a research associate, Karl H. Lindeborg
is professor of agricultural economics and dames R.
3ones ts associate professor of agricultural economics
and marketing economist, all in the University of Idaho
Department of Agricultural Economics, Moscosv.





Study Methodology and Procedures
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A linear progratttrning transshipment proo:dure
was used to analyze the export marketing system for
potatoes. Transshipment models are distinguish%
frotn transportation models by the addition of an
ittterrnediate transfer point or interface between
origin and destination. The interface provides for a
transfer from the inland t.ransportation node to an
oceangoing vessel.

The objective function normally represents the
minimized transportation costs to shippers. ln this
study, the costs of production and processing are
included in the objective function to be minimized
as welL

Separate models were run to analyze fresh and
processed potatoes. Dehydrated products were
selected as the type of processed potato to he studied
Potato flakes and granules are the most common
form of dehydrated product. A lack of historical
export data on frozen potato products prcvcntcd
their being included in the analysis. Frozen pro-
ducts began to be reported in l979,

The Objective Function
The rnathetnatical representation of the trans-

shipment model is;
iVlinirnizc PPTC=ZC,P, +ZZZ T�.~X>

I I I t

= production, processing and trans-
portation cost of fresh or dehydrated
potatoes,

= cost of production and processing
of fresh  dehydrated! potatoes at
origin i.

= amount of fresh  dehydrated! pota-
toes processed for shipment at
oflgtrt l,

= cost of transporting fresh {dehydra-
ted! potatoes from origin i to desti-
nation j by mode k.

= amount of fresh  dehydrated!
potatoes shipped from origin i to
destination j by mode k.

= supply of fresh  dehydrated! pota-
toes at origin t,

= demand for fresh  dehydrated!
potatoes at destination j.

Data Requirements
Origins and Oestlnations � Thc i and j subscripts

of thc objective function represent indexes of origin
and destiru!tion points, They are described here.

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



Table I 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 into two subregions, each
with its own basing point. Idaho and Malheur
County, Oregon, comprised one of the subregions,
and Washington and the rest of Oregon the other.
Processing regions included the North Central,
North Atlantic and the safne subregions of the
Northwest.

To simplify the data requirements for the two
models, identical basing points were selected wher-
ever pOsSible. The InOuntain 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. In the Northwest, three
basing points were chosen. Idaho Falls, Idaho,
represented Idaho 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 t. Production roytons for fresh snd processed potatoes.

eign destinations for U.S. dehydrated potatoes were
selected: Vancouver, British Columbia; Puerto
CabeBo, Venezuela; Rotterdam,  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, Italy; and Hong Kong, Fach destina-
tiOn SerVeS aS a baSing pOint for other impOrttng
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 I972 to l978 were used in calculating
the average to minimize a distortion occurring in
export figures during l975 to l977. A drought in
Europe during l974-76 caused U.S. exports to be
substantially higher than normal during this period.
The average also revealed Inore about demand over
time than a shorter or single-year period. Annual
fluctuations are common.

ln 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 potato exports by foreign regions.

Bastrttt potrtt Rettton Cfusntfty '
�,0OO Cwt, fwe!

Canada 318 1V ancouver

Puerto Cabetlo

StatesBasing polit t

Fresh Potatoes

Idaho Falls. Idaho

Latin Amenca
Barbados
Veneruela
Other

148 2
.6

33 2
114 4

North west

No rthweet

Mountain

Moses Lake, Wash.
AlamOSa, COIOr ada.

Rotterdam

E. Grand Forks,
Minnesota

North
Central

New York and
Pennsylvania

Long Island, New York Middle
Altantlc Mediterranean

Italy
Spain
Other

Naples I 00 0
14 5
4" 3
38 2

Presque ISle. Maine North
Atlantic

Connecticut, Maine.
Massachusetts, New
Harn psh i re, Rhode
ISland and Vermcnl Asia

Australia
Japan
Other

1 169 r
25 2

1 1'.I5 8
38 2

3 8522

Hong Kong

Processed Potatoes

Idaho Falls, Idaho North west
Total

Tn-Cities, Washmgton
E Grand Forks,
Minnesota
Ptesque isle, Maine

North west
Nonh
Central
hlorth
Atlantic

'InCludeS dehydrated pOlatoes tiaties ard granul'eS Amcunta
are gi yen On a freSh-weight-equ va',enoy OaaiS '9 2-78 Calendar
year average
SOurCe USDA Foreign Agriouttu<al Trade Stat st csi Repcrt

Caiendar Years 1972. 1974 1976 and 1978

Idaho and Malheur Co.,
Oregon

Oregon and Washington

Colorado, Montana,
Nevada, Utah and
Wyoming

Indiana, Michigan,
Minnesota, Nebraska,
North Dakota, Ohio.
South D ak Ota and
Wisconsin

Idaho and Malheur Co.,
Oregon
Oregon, Washington
Michigan. MinneSOta
and North Dakota
Maine

Northern Europe
Belgium-Luxernburg
Denmark
Finland
France
Ireland
hletherl ands
Swede~
United Kingdom
West Germany
Other

2,116 2
191
50 4
174

465 1
189

112 9
423 1
382 2
588 9
38 2



TaMe 3 U.S. trash potato extsorts by foreign rett torte, New York, and Portland, Maine. Transfer ports for
processed potatoes included Portlattd, Oregon;
Seattle, Washington: the 8ay Area in California;
Houston, Texas, and hlorfofk, Virginia. 7 he Colum-
biatSnake river ports of' I.ev iston, Idaho; Pasco,
Washington, and Umatilla, Oregon, were also in-
cluded in both models. These ports are similar to
the other transshipment points except that two
transfers occur instead of one. The first is from the
inland origin to the river port and the second from
the river barge to the oceangoing vessel at the Port
of Portland.

VancOuver

fteexICO City

Santo Domingo

'1972-78 calendar year average.
hires: USGA Foreign Agriculturat Trade Stattstfcat Report.

Calendar years 1971, 1973. 1975, 1977 and 1978.

TeMe 4 ttetftonsf ese of potatoes end supply avageble tor export per basing point [1,609 owl j.

Percent
Regional available

protftrctton' &cad user processing' U.6. demand' surplus for export
idaho Fetls, Idaho
Moses L.aka, Washington
Alsmosa, Colorado
East Gra~d Forks. Minnesota
Long island, New york
Preaque isle. fHatne

U.S. tenet

76,919
53,658
12,954
52.2'I 3
17,532
29.1 61

242.457

6.113
2,647
1.635
7,178

527
3,956

22,256

57,112
34.925
1,219

16,214
5,1 86

11,527

126,1 83

12.528
12.664
6,966

25,363
1 f,335
9,523

78, 399

I, 166
3,422
2 934
3,438

484
4,175

15,619

22sri
19'%
22rro
3Sri

27'4

'Coneiata Of pOtatOes setd fOr all purpeaea ineludmg toed, seed, proCessing and livestock feed Average 1971-77 crop years Source
Potatdes and SweatpOtatoes. USDA. 1972-78.
'Baaed On an Optimum diatribution Syatem Of seed fram preduomg Statea tO COnauming regiOna I a 1972-74 average! accerdin g to r esullS
Ot a leaN-COS< linear prOgram. EeCh regiOn'S baae waa multiplied by the annual ~nCremental inCrease Or deCrease in aCreS planted for
the fall C rep tO arrive at an eetimate Of the 1971-77 average Seed uae in eaCh prOduCtion region Optimum Seed diatributiOn fr Om pot aroes
OPl ttrvin uae Snd dfStribvripn wrfh COmPararive COSta by matOi regrdnS Of the U S. Table l5. Bull. 865. WaahingtOn Stare Univ, 1978
ACreS planted intOrmatipn trbm Pptateea and Sweetpafatees USDA, 1972-78
ilnCiudeS pOtatOeS prOCeSSed as dehydrated. freaen, canned pred~Cte, tOr StarCh and flOur. and fOr pOtatOCh pS RegionaiioraiSof'pote
tOeS ueed fdr C hipa Were reduced by One-third 10 retiect 'that far I petatOeS COrnpriee abcut 67 percent Of the tdtal chip prpdu Cti On. SOurce
Potatoes and Srveetporatoes, USDA. 1972-76
'Ge inand tbr freah potatceS WaS apprcinmated by the average quantity Shipped frOm 1972-78 from eaCh productidn reg Or to the malo i
markets for fruits ano' vegetables tn the Lt S These quar tities are from Fresh fruit and vegerabte urttoad totals lors f cii es reports oaten
dar yeara 1971-76, USDA, 1979 Theae repqrts aCCount ler abput 60 peroent Of tOtal COmmercial pOtatO unloads in the U S so qua nil�'lips
were inc.ressed to estimate total demand

Canada

Mexico

Caribbean
Bahamas
Barbados
Bermuda
Dominican Republic
French West Indies
t.seward 8 Windward
Nethertand Antilles
panama
Trinidad
Other

Latin America
Argentina
Chile
Uruguay

tiforthern Europe
Belgium-t.uxerhburg
Fralt oe
Netherlands
Norway
Sweden
Unilted Kingdom
Vilest Gerth any

Medtterran san
Algeria

italy
portugal
Other

Asia
Auelralie
Japan
Taiwan
Other

Total

�,000 cwt!

4,000.7

219 0

148.9
50.9
87
35
6.6
4.4

Islands 2.2
89
50

33.5
25.2

133.1
40.6
64.6
7.7

1,065 4
169 9
454.3
192 2
24.7

147 2
36

735

387.6
124 0
112
69.2

138 0
25.2

43.8
7.8

10,2
6

25.2

5,978.5

Supply and Demand � The procedures used for
derivation of supply and demand for fresh and. pro-
cessed potatoes are described here,

1. Fresh Pota oes � A vast array of statistics are
collected and published on the potato crop each
year. Data on the crop's various uses were tabulated
and subtracted from the production total in each
region to arrive at the potato supply available for
export. Reported uses included seed, processing and
food consumption. An average of the 197 l-77 crop
years was used in calculating production data, and
an average of the f972-78 calendar years tvas used
for consumption data thus accounting for the lag
which occurs between production and marketing,

The sale of fall-crop potatoes represented avail-
able supplies in each region. Seed use was estimated
and subtracted from the base supply. Potatoes used
in processing frozen and dehydrated products were
then subtracted. Potato chip production was deter-
lnined, and the quantity of potatoes used for making
chips was subtracted, Unlike frozen and dehydrated
processing, the manufacture of potato chips occurs
in all regions.



Exports will not totally reduce regional surpluses,
Overproduction nationally has led to situations of
excess supply, and domestic and international roar-
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
livestock feed. Excess supplies were left in the
system to see where surpluses accumulated.

- 2. Dehydrated Potatoes � Because insufftcient
data existed, a different procedure was required
to derive the supply of processed potatoes poten-
tially available for export at each origin. No reliable
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.

'Average 1971-77 national utilization figures Source. USDA.
Potatoes and Sweetttotatoes, Pot-6. ESCS, I9~8.

Table S. Supply of dettydrated potatoes per bs4ng point.

Share of proceeeetp
potatoes used
aa dehydrated

1971-77 average

Atnount ol
deity drated

processing at
ba4ng point

Percent
ol

total

Total processing'
per boeing point
1971-77 averageBaaing point

l1.000 Cw! fwe!I1.000 cwt fwe!

52%
31 '
8'v
9%

t 00~v

15,656 9
9,400 9
2,531 5
2 6190

30 408 3

Idaho Falls, Idaho
Tri-Cities, Washington
East Grand Forks, Minnesota
Presque isle, Maine

U.S totat

2746
2746
2746
.2746

57,01 7
34.235
9,219

10.266
110,737

'lncludeS potatoes proeeSSed aS dehydrated prcductS frOZen, Canned, StarCh and flOur Doea not include pOtatO chips Quantvnes ir. a
iresh-weight-equivalency  fwet

The average 1971-77 use of potatoes for processed products is.
frozen 65. 5tyvir
dehydrated 27 46%
car ned 4.03%
starch and flour 3 Otsv

100 otyttr

Source USDA potato Stocks, pot 1-2 Crop Reporting Board. BRS. 1973-78, and USDA potatoes and Sweetpotatoes po; 6 Crop rtepoit-
ing Board, ESCS. 1972-7tt

7

Domestic demand for fresh potatoes was approx-
irnated through data in the USDA fresh fruit and
vegetable unload totals for 4I 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 IOO
percent of demand  Barton l980!, These estimates
were subtracted frofn 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 Falls,
Idaho, had 7 percent and Long Is/and, New York,
had 3 percent. Table 4 summarizes the use inforlna-
tion.

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 ot the L'.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 to
produce I pound of dehydrated  Greig 1978!

3. Produt:r Homogerteiti � One assumption of
the transshipment model of linear progratnming is
product homogeneity  i,e�aft fresh potatoes and
all potato products are the same!. A corollary to this
assumption is that receivers of the product have no
preference as to its origin. However, the variety
differences of potatoes make this assutnption unre-
alistic. For example, the 5'orthwest is noted for
production ol Russet Burbank potatoes, the Red
River Valley for varieties of red potatoes and Maine
for white potatoes.

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



Production and Processing Costs � Table 7 lists
production and processing costs at each origin. In
the freah Inodel, the term "proCeSSing" referred to
the practice of grading, sizing and packaging pota-
toes for shipment. Thc highest production cost was
experienced in Idaho, the lowest in Washington.

The lowest cost of processing dehydrated potatoes
occurred in the Northwest.

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

Tatde 8, II~ datstend lor deltystrated potato INoduc» tfy refsfonL

ReSNon OuanNy'

�,000
cwt, fwe!

Sacramento

Denver

3,451

'I,OQS

Dallas

T,t93

4,154

8,189

'The quantity demanded was calculated by multiplying con-
sumptiOn per capita of dehydrated pOttdOea by the pOpulatiOn
of each state loreach year. It is a 1972-78 calendar-yearaverage.

gourde: COneumpllan per capita frOm Vegetebl ~ Sauatlcn.
TVS-214. USDA, November 1979. Regional population
from Statisticaf Abstract of the United States. U S. De-
partment ol Commerce, Bureau of the Census, 1979.

tBaseline shipping activities snd their corresponding rates are
included in Appendices A and 8. Although numerous trans-
portation modes werc considcrcd, very few were actually
brought into solution,

'f' or a more detailed explanation of transportation modes. see
IBclchcr f918!.

TNT y. Isrethsenen end preoeeehtg cease fOr fresh and dehydrated pelatoee per baaing point. 19yg.

fsrodeNon coat
pef cwt

$1.47

1.47

S6.00
4.84

5.23
4.98
4.85
4.45

S5.27S2.20
2.20

208
1.79
1.82
1.25

Idaho Falls, idaho
SAOSee Lake, Washington
Tri-C ities, Washington
AlainOSe, CalOradO
E. Grand Forks, Vinnesota
Long Island. New York
Preaque late. fyfa inc

$380
2.84
2.84
3.1 s
3.09
323
3.20

4.11

4.61

'COSIS Of prOduofian reviaed fram 1979 dallaretO 1979 thraugh the indea at Priaee Paid by farmerS fer prOduClion items: Ag OutlOOk,
AO-52. USDA, varch 1980.
rFresh processing costs revised from tg75 dollars to 1979 through creation of an index tor marketing spreads Developments in Market-
ing Spreads for Food products in 1979, Ag Econ. Report No. 449. USDA, varch 1980.

'Dehydrated processing costs ~evised trOrn 1975 dof lars to 1979 through the index Of priCes of se! ected food marketing inpulS De voloo-
ments in Marketing Spreads for Footl Products in 1979, Ag. Econ. Report No. 449, USDA. Varch 1980.

SOurCe. Praduotian COSta. Pctata FaCta, PraduCtian COSte. Cammcdity Eoanamtoa Diviaian. ESCS, USDA, Wiriter 1979 prOCeasing
costs: Potatoes, Optimum Use and Diatributton with Camperstwe Costs by IJiafar Regions of the U.S W. Smith Greig antt I eroy
Biakealee, Callege Of AgriCulture ReeearCh Center Bullefin 865, Waahingtdn State Univeraity. Auguet 1976

California, Idaho, Northwest
Oregon, Washington

Arizona, Colorado, Mauntaln
Montana, Nevada,
New Sffaxico. Utah,
Wyoming

Alabama, Arkansas, South Central
Kentucky, Louisiana,
Mississippi, Oklaho-
ma. Tennessee, Texas

ullnois, Indiana, lowe, North Central
Kansas. Michfgan,
Ilinnasofa, Isftesourl.
Nebraska, Nonh Da-
kota, Ohio, South
Dak ate
Delaware, florida. South Anantfc
Georgia, lAaryfand,
North Carolina, South
Carolina, Virginia,
West Vfrginfa

Connecticut, %ltdne, Atlantic
Massachusetts, New
Hampshire, New
Jersey, New York,
Pennsylvania, Rhode
Island, Vermont

L.S. total

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,3

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 require 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 lCC regulation, but rail was not. Both rail
and truck transportation of dehydrated potato
products were regulated by thc ICC. Rail transpor-
tation has since bccn exempted from ICC regulation,
and the truck and rail industries both a.ppear headed

Total production and
Fresh proceessng Dehydrated processing roceeslng co¹

cost per cttep cost psr cwt' Fresh Oehydrefed



for a period of reduced regulations on the hauling of
manufactured and fresh agricultural products.
Deregulated rail rates initially 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 hy Union Pacific personnel from published
rate schedules  Roberts 1980!, Dehydrated rail and
truck rates were provided from published rate tar-
iffs 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,

Ocean vessel charges for potato ex.ports 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 etnpti 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
for 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 to
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 difficult to quantify.

Transshipment Model
Alternatives Intj Projections

Using the transshipment model as the analytical
tool. first runs were made to analyze the current
potato exporting svstem in the Northwest and the
role of transportation on the Columbia Snake

9

rivers in that system. Forecasts based upon simula-
 ion runs of these base models were used to examine
the potential for increased exports through North-
west ports and to project 1'uture levels of export.

The data for the hinterland base models were
representative of the present   1979-50! time period.
Forecasts for the period 1985-2000 were made usirig
subsequent runs of the models hypothesizing sce-
narios with changes in supplv, overseas deinand and
energy costs. Of interest were the effects of' these
changes on hinterland delineation, modal choice,
quantities shipped and on total transportation costs
in each period.

Poterttiai for Increased Kxports � 1'he outlook
for frozen and dehydrated exports looks more pro-
mising than for fresh. Dehydrated exports in parti-
cular are advantageous over fresh potatoes because
this processed form results in great!i reduced hulk.
and consequently transportation costs are much
less, Japan is central to the projected grov.th of
demand for U.S. processed products. The expanding
institutional and fast-food markets in that country
are the primary reasons l' or 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 we	 but not at as high a rate
as the Japanese  Emerson l978!.

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 in high transport costs
relative to their value. Ta.riff and nontariff barriers
such as phytosanitary requirements vshich prohibit
the importation of tJ.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 importation of
large quantities of L.S. potatoes did occur. 1-uture
fresh potato exports to Europe will likely be tied to
vears when crop shortfalls there resuh 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 primarily supply the
hotel business in these countries   1 he Packer 1980!,

Growth in Demand � 1ncrease»n den;and for
fresh potatoes in Asia and dehydrated potatoes in
Asia and Europe were incorporated .nto the hinter-
land proieciion. 1'.S. exports of fresh po',atoes to
Asia were assumed to increase by I pet cent per year
based on projections of potato consurrption made
by the Japanese government  .1 a pan 19 < h Xo
increases vtere projected for the othei regions,

Demand for imports of dehldrated potatoes was
estimated through the use of income elasticity for
potato product~. The «lastictts of income is a mea-



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

where: E�= income elasticity
Q = quantity demanded
Y= income

The percentage change in quantity demanded can be
isolated in the equation;

%>Q =  Ey! '  % ~V!
Estisnates of annual grOwth in incolne  hY! 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 high and low measure
of income elasticity was considered, resulting in
projections of an annual increase in demand for
professed potatoes within the range of 0.5 and I.21
percent in Asia and 0.3 and 0.76 percent in Europe.
The high estimates were used in the forecasts.

Ctowth ln ~ � The supply of dehydrated
potatoes in the Northwest was increased slightly
in response to increased demand overseas. Demand
its 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 wouM be highlighted.

The supply of fresh potatoes available for export
was adequate to meet the low level of growth antici-
pated in foreign markets over the projection period.
No changes in supply were assumed.

~U.S. aad Canadian measures of income ctasrtcitics werc used
since no other estimates e cre avaihble, The reliability of the
projcetiena wig, of Oaursc. depend on how we u these measurer
represent conditions in Asia and Europe.

Ffeteh model Processed model

Run with and Model representing current least-
erithout container- cost exporting system. Historical
On-barge mOde levels of supply and export.
available.

Run with and
without container-
on-barge mode
available.

f 985

f sgs

Mdet representing current least-
cost experting Syatern. Historical
levels of supply and export.

Scenario of 5% increase over base in
exports to Asia.
SCenariO Of 10itS inCreaae Over baSe in
exports to Asia. Fuel costs increased
lO 50% over base.

Scenario Of tSN inCraaee Over baSe in
exports to Asia Fuel costs increased
to f O04%%d over base.

Scenario of 2ty% increase over base in
expOrtS 1O Asia. Fuel COSta inCreased
to 1$Hb over base.

Energy Efficiency of inland Modes -- Increased
costs of transporting potatoes to market were
ranked as the most serious problems thai will face
Western growers in the future  'I he Packer I980!.
Higher fuel costs have been one of the 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 l,956.6
cwt miles to I gallon of fuel, railcars 3,958 cwt miles
and barges 10, 489,2 cwt tniles  Barton I980!. 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 lavored by
access to barge, this differential effect could work
tn their favor at the expense of Puget Sound ports.

These estimates of energy efficiencies were used
to examine the effects of rising fuel costs on inland
rates of transportation. This was done by dividing
the January I980 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 a  a base cost of fuel for each
mode. The increase for each period in the base fuel
costs per mile for the three modes was determined
and multiplied by the number of lniles 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. Syrn-
bolically, the formula is:

R = 8+   !m where,

R= new transportation rate caused by increased
energy costs

8 = original base rate.
X = increase in fuel cost per gallon over base.
V = base fuel cost per gallon.

SCenariO Of AS inCreaSe Over baae in
exports to Asia. Sxa to Europe.

SCenariO Of f 2SS increaae Over baae in
exports to Asia. 7Vo to Eurnpe. Fuel
costs increased to 50% over base

SCenariO of tahiti increeae Over base in
expOrtS tO Aaia. 11 ex tO EurOpe. Fuel
costs increaSed tO 1 1Xt% Over base.

SCenariO Of 2a'% increaae Over base in
expOrtS tO ASia. 14'tti tO EurOpe Fuel
costa inCreased tO 1SOVii OVer baSe.



Z = cwt miles per gallon mode estimate.
m= miles in route.

Fuel prices were estimated to rise by 25 percent
ove r the base in 1985, 50 percent in 1990, 100 percent
in l995 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 current leastwost potato
exporting system in the U.S. Base trsodels werc also
run without including container-on-barge services
at ColumbiaiSnake river ports to examine the
impact of this mode on Northwest shipping.

Forecasts of the least-cost exporting systems in
1985, 1990, 1995 and the year 2000 were made using
the ortginal hinterland models. The I985 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 inland transportation modes was
incorporated also.

Projections for 1990, 1995 and 2000 cncoinpassed
further increases in demand for potatoes in Asia and
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 l 50 percent
over the base were introduced in the forecasts to
portray the effects of rising energy costs on the
competitive positions of inland modes of transport
in the future. Table 8 presents a summary of runs
made with the base and forecasting models.



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 Ieastwost
transportation system for producing, packaging
and shipping fresh potatoes for export. The most
efficient 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 to 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 real world; thus, how well
the results of the models conform to actual experi-
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. AIthough in reality each
port receives both, Seattle has captured most of the
export trade in fresh potatoes while Portland has
«xported most of the processed potatoes, Locational
advantages are in large part determining factors
smce Seattle is closer to the important fresh produc-
tion area surrounding Moses Lake, and Portland is
the more economical outkt 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
conta.ineriaed shipping is preponderant for de-
hydrated. Container shipping of fresh potatoes has
experienced problems in the past arising from the
potato's perishability. Because of the high fixed
costs. refrigerated containers  reefers! are most
often used to transport higher valued commodities
than fresh potatoes. Containers are quite suitable
for transporting dehydrated potatoes which benefit
from nonperishabi!it>, reduced bulk and the added
value ss hich accompanies processing. These nonrate
considerations did not enter the modeps selection
process, however. except to the extent that they
were reflected in the combined rate structures for
each modal alternative.

A. Processed Pptatpgg
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 shiptnents from each origin
to domestic and port destinations. The shipping
modes and quantities transported are provided also.
ln all five model scenarios, processed potato export
shiptnents were transferred to ocean vessels at
Portland and Houston. Seattle, the Bay Area or
Norfolk were not chosen as transshipment points.
Various modes were used between origins and port
destinations, but domestic shiprncnts  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 until thc l995 and 2000 year forecasts.
Projected shipments in these years were less than
I percent of the total, indicating that from a least-
cost standpoint idaho Falls is better suited to
supplying U.S. markets since Washington and
Oregon processors can ship to foreign markets for
less, The export shipment was routed in both cases
through Houston, and it was delivered by the break-
bulk rail made.

The Tri-Cities were projected as the major ex-
porting origin in every model, In the base run, 40
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
Portland via the container-on-barge mode loaded at
the port of Pasco, Another 3 percent was shipped
directly to Vancouver. British Columbia, by break-
bulk rail throughout the period.

The results suggest that the area immediately
adjacent to the Columbia River is a natural hinter-
land for the part of Portland, and the cotuainer-on-
barge mode is particularly advantageous to these
localities, A less aggregative model for the   olurnbia
Basin was run to further analyze the degree to which
this himerland extended to areas further away from
the river, and the use that container-on-barge v ould



Table 9, Processed potato projections: Origin to U.S. and port desgnatlon by mode.
Mode' % as portedOuanttty

�,000 cwl lwe'i
Model alternathree U.S. de sttnatton Quantity Mode' Ocean port

�,000 cwt Nve'!

Idaho patt ~

Base modep NoneNoneRail
Anil
Rail
Rail

Hone3,003
7,193
4.290

1 5,452'

Sacramento
Chicago
Dallas
hlew York

Total

Rail
Rail
Rail
Aait

Nonehi onehloneSacramento
Chicago
Dallas
New York

1985 projection 3,149
7,193
4,290

968
15 598'Total

NoneRail
Rail
Rail
Rail
Rail

Hone'None1990 projection Sacramento
Denver
Chicago
Dallas
New York

Total
Break bulk railRail

Aail
Rail
Rail
Rail

Sacramento
Denver
Chicago
Dallas
New York

1481995 prOjeCtlOn Houston

0.9
Total

Breakbulk rail148Rail
Rail
Rail
Rail
Rail

2000 projection HoustonDenver
Chicago
Dallas
Allanta
hlew York

09Total

Trt-Ctttes

Base model Breakbulk rail
Container truck
Container barge

Vancouver, B C.'
Pasco

Portland

318
3.386
3.386

Sacramento
Denver
Atlanta

Aail
Aail
Rail

448
'1,095
4,154
9,401 394Total

Breakbulk rail
Con'la incr t r u ok
Contairer barge

41 0

318
3 532
3, 532

Vancouver, B C
Pasco

Portland

302
1,095
4,154
9,401

1985 protection Sacramento
Denver
Atlanta

Ra i!
Rail
Ra il

Total
Break bulk

Ccnta ner ir=ck
Co~ta ne. baroe

1990 projection Vancouver, B.C
Pasco

Portland

318
3.678
3,678

1,298
4.154
9,448

Sacramento
Atlanta

Rail
Rail

44 3Total
Breaktiuik ra'I

Co~tai
ontair'er Carve

1995 proleCticr 318
3.826
3 826

Vancouver, B C
Pasco

Portland
1,197
4,154
9,495

Sacramento
Atlanta

Rad
Rail

Total
Breakr;u'k rani

COnta ~er !r. C k
Canis -.4 c:atge

2000 proleclion 318
3 9'2
3 9�

Vancouver, B C
Pasco

iPorti and
Sacramento
Atlanta

3,451
1,806
9,547Total

 Table 9 continues neat page!

j3

or would not receive from these tnore distant origins.
Five representative points depicted locations of
processing plants in Washington and Oregon which
had the capabi!ity to influence the container-on-
barge issue � Moses Lake, Othello, Connell and
Tri-Cities, Washington, and Hermlston, Oregon.
The rates for this model were generated through
estimating equations deve!oped by linear regression
techniques. Table � shows the results. Moses Lake

2,153
1,095
7,193
4.290

966
15 697'

2,254
1,095
7,193
4,290

818
15,798'

1,095
7.193
4. 290
2,348

818
15 892'

and Othe!!o were delineated as origins lying exclu-
sively in Seattle's hinterland while the Tri-Cities
and Hermiston !ay in Portland's domain. The
breakdown between the hinterland of the two ports
occurred in Connell, Washington. Both Seattle and
Port!and were shown as receiving export shipments
frotrt Connell.

The container-on-barge mode was used exclu-
sively for Portland's shipments. Connel! and the



Tri-Cities interlaced with the river port «t Pasco in
the model while Hermiston's potatoes were trucked
to the port of Umatilla for transfer to the river
barge. In the case ol'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.

Ottgfn River porl Mode Ocean port Mode Ouantlly
�,000 cwt lwe!

Seattle
Seattle
Beanie
Portland
Portland
Portland

Moses Lake�
Othello
Connell
Connell Pasco C. truck
Tri-Cities Pasco C, truck
Hermiston Umatllta C truck

G. truck
B.B rail
8 B. rail
C. barge
C. barge
C. barge

676
677
493
164
677
677

ilode' '4 exportedStadef afternatteee U.S. desllnaaen Ottantfty ltode' Ocean pOrt Ouanttty
�.000 cwt fwe'l �,MO cwt fwe'!

East tarand Forks

Base modal
Total

Container railNew York 2,364
2.532

Rail Houston 146
56

Container rail146New York 2,3lt4
2,532

Rail1965 projection
Total

Houston
5.8

1 990 projection
Total

2,364
2,532

2,532
2.532

Rail Houston Container railNew York 146
56

Rail19&5 prcjecttOn
Total

hlew York None None None

2.532
2,532

RadNew York2000 projection
Total

Hone hloneNone

prescfue tate

Base model
Totat

Rail2,819
2.819

New York Hone NoneNone

1985 projection
Total

New York Raa2,819
2,819

None hione None

1990 prbfection
Total

2.819
2.819

New York Rail None Hone None

New York1995 projection
Total

2,819
2.819

Ran NoneNone None

hlew York Rail2000 prOleCtior
Total

2,819
2.819

hlone stone

'iwe = fresh weight equivalenCy.

iBreasbulk tru Ck and breakbulk rail were the Only rnOCleS COneidered fOr LLS. deetinatiOna. MOdea COnaidered far OCea n POrtS inCluded
breakbufk truCk, breakbulk rail. COntainer truCk. COntainer rail and COntainer barge.
'The haec mcdei waa COrnprised Of dale aVeraged frOm 1971-78. lt iS repraaentative Ol the preaent time pericd
'An untranapOrted SurpluS aCCutnutated at ldahO Patte in eaCh lnOdel. The Surplua waa205 unite in the baSe run. 59 unite in the t 965 prO-
leelibn, 36 urtite in 1990. 16 unite in 1995 and 8 unite in 2000.
iyancouver. 8 C., is a fmal destination rather than a transshipment point,

Destination troll U.S. Port by Mode � The
transshipment model depicts the quantities of
dehydrated potatoes shipped from each port to
overseas destinations. The mostcost-effective ocean
tnode is selected in conjunction with the most com-
petitive inland mode, Table 11 presents information
on the supplying ports for each foreign 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 Portland via container-on-barge navigation on
Table 9 {oonttntred!.

the Columbia River. l he Only deSti»alton not
served by Portland was the l.atin Atnetican basing
point of Puerto Cabello. Houston was projected as
the supplying port, also by container vessel, for all
of Puerto Cabello's imports. The model underlines
the fact that Portland is well suited economically
and geographically to t ransshipping processed
potato exports from the Lower Colufnbia Basin,

Sensitivity Analysis � Sensitivity analysis indi-
cates how much an activity's rate can vary before
the level 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
l2 shows the activity sensitivity in the base hinter-
land model lor dehydrated potatoes.
Table 10. Port hinterland delineations for processed potatoes in

Waahlhaten and Oregon.



Table %1. Isreceeeed POtelO preleotierte: U.a pOrt IO Orereeae deeanattett by mOde.

Saae madel' tgas ftrefeeaott 1080 prefeotlert 1%}S pro}ecttoh 2000 profectIon

Houston
148

Container ship

Houston
148

Container ship

Houston
148

Container ship

Port origin
Quantity'

Mode

Houston
148

Container ship

Houston
148

Container ship
Puerto Caballo

Port land
2,421

Container ship

Port origin
Quantity

Mode

Portland
2.116

Container ship

Portland
2.345

Container ship

Portland
2,268

Container ship

POrtland
2,192

Container ship
Rotterdam

POrtland
100

Container ship

Porttand
100

Container ship

Portland
100

Container ship

Port origin
Quantity

Mode

POi1land
100

Container ship

Portland
100

Container ship
Naples

Port and
t, 451

Container ship

Port origin
Quantity

ode

Portland
1,381

Container ship

Portland
1,240

Container ship

Portland
1,170

Container ship

Portland
1.310

Container ship
Mong Kong

'The base model, representing the present time period, was comprised of data averaged from 1971-78
'Quantities are in 1.000 cwi fwe  fresh-weight-equivalency!.

Table 12. Sensitivity analysts of exportfhg activities in processed potato eotiutlort.

Actltrttfes in solution of base model
aifglrr Destlnatlon

 $>cwt!

;30Vancouver, B C
Pasco
Portland
Houston
Rotterdam
htapf as
Hong Kong
Puerto Caballo

0 4fi,
00 8
0 181
0 281
1.312
1 188
2 85i
' 098

Break bulk
Container
Container
Container
Container
Container
Container
Container

rail
truck
barge
rail
ship
ship
ship
ship

100
0

100
100
100
100

0
23

Tri-Cities
Tn-Cities
Tri-Citres
Bast Grand Forks
Porttand
Portland
POrtland
Hou s1on

$0.203

0.103
0 165
1.312
1 188
2 573
0 98

0 0 0 0 0 0 2 573
075

ts
0

Many of the transportation modes are highly sen-
sitive to changes in their rates. Rates f' or the ocean
modes were particularly susceptible to increases.
For example, the rate for a container vessel from
Portland to Rotterdam or to Naples cannot risc
above the current level without causing changes in
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 Fast 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 bc 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,

'Ratea COnverted tO a freah-Weight-equivalenCy baaiS.

Total Transportation Costs and Savings «ith
Container-on-Sarge � 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 Inarkets was $183,780,671. COS S
to produce the potatoes comprised 55 percent of
the total. Processing costs accounted for 34 percent,
and the transportation portion was 1 1 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 salne, but the cost of shipping
exports from origin to ports increased bv g3 percent
over the base model. The cost of shipping from ports
to overseas destinations increased by approximately
I percent. Table 13 surnrnarizes this information,

8. 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 inforlnatiOn on the quantities of potatOeS
shipped from origin to port destinations as well as

Range in rates
Actual Rate' l.ow ss change High "ii change



Base model
aces hfntertand without

model container-bertte

S TOO,38O,920 3100.380.920
54.6 54.5

$83,306, t 30 $63,306, I 30
34 4 34 4

Cost of production'
Percent of total
Cost of processing'
Percent ol total
Cost of transportation from:

1. Origin to 0 S destinations
Percent of Total

2. Origin to transshipment porte
Percent of total

3. Port to overseas destinations
Percent of total

Total transportation cost

Percent of total

6 I 3,670,001
66.9

3683,930
3.3

$6.090,222
26.8

620.444,163

11.1

6'l 3.670,001

$373,178
1.9

$8.050.442
30.1

$20,093.62 1

I 0.6

Total production, processing
snd transportalion costs $183,760,ort 6164,131,203

Table 14. Fresh potato prolectfona; odgkt to port destination by mode.

East Grand Forks
Ocean port Ouanllty Mode'

�,000 cwti

Moses LakeModel idaho Fags
~ Itemattves Ocean port Ouangty Mode' Ouanllty Mode'Ocean port

I 1,000 cwt! �.000 cwti

C. rail
BB. truck

523 BB truckVancouver,
B.C.

Seattle
Vancouver,
B.C '

1,066
100

Seattle
Vancouver,
6 C.'

44
3,378

BB. truck
BB truck

Base
model'

523'3,422Total 1. 166

525 BB. truckC. rail
BB. truck

Vancouver,
BC

t985
pro I ec't ron

Seattle
Vancouver,
BC

BB trucll
BB. truck

46
3.376

Seattle
Vancouver,
BC

5251,166Total 3,422

527 BB trucKC. raii
BB. truck

Vancouver,
B.C.

1990 Seattle
projection Vancouver,

BC

1,114
52

3,422 BB. truckVancouver.
B.C.

530Total 1, 166 3,422

BB truck530Seattle
Vancouver
B.C

Vanrouver,
BC

'f995
prot ection

t.t 17
49

C. rail
BB truck

Vancouver
BC

3,422 BB truck

Total 1, 166 3 422

46 BB tiuck635
53i

Woo
pf oi act i 0 n

Seattte
Vancouver
B C.

C rail
BB. rail

Va neo u ver.
B.C

Vancouver.
B.C

3.422 BB. truck

Total 1,166 3.422

'BB. truck = breakbutx truck. BB rail = breakbulk rail. C. rail = container rail.
'The baae madel Wae COmpriSed Of data averaged frcm 1971-78 lt ia repreeentatlve Of the preSent time periOd
-'VanCOuVer B.C . and MexiCO are aCtually final deatinaticne rather than traneehipment POinte

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.

Table 1$. Total preducaon, praeeaelng and tranepOrlaoon costs
lor processed potatoes In base model, per cwt.'

'On a fresh-weight-equivalency.
'Only costs for production and processing ol potatoes that are
marketed are computed in the oblective function. Surplus pro-
duction is not included,

idaho Falls was projected to supply the majority
of overseas 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 COlumbla.

Because of the distance between idaho Falls and
Seattle or Portland, Northwest ports don't neces-
sarily have a locational advantage over other Pacific
Coast ports for exporting idaho potatoes, The rail
Inode 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 carrier absorbed this cost.

Practically all of the supplies on hand at Moses
Lake were shipped to British Columbia. A slight
1 percent was transported to Seattle in the early
periods to fulfill overseas demand. AH 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 Seattle,

Destination from U.S. Port by Mode � The
ocean leg of the exporting system was delineated in
the models and is represented in Table 1 S. The Euro-
pean destination of Rotterdam was supplied com-



pletely frotn 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 peroent, 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 various combina-
tions of shiptnents, supplied all exports to the
Caribbean destination  Santo Domingo!, the Latin
America basing point  Buenos Aires! and th» 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.

rehte 14.  Centlnuerfi.

ue tete Long island
Ocean perl a trent ttr Mettei

Motset Altrtntsee
etternet trice Ocean port Ort ant tttr Saertet

 t 000 cwti�,000 c wt!�.000 cwt!

484 BB truckPortland,
Maine

219 ee. tr ck 166 Be. truck New YorkMexico'Base
madel
Total 219' 166'

464 Be, truck219 Be. truck New YorkPortland,
Maine

Mexico 166 BB. truck1965
proiecti on
Total 219

484 BB truck219 BB. truCk Portland,
Maine

Mexico 166 Be. truck1990
projection
Total

New York

219 464

464 BB truckPortland,
Maine

Mexico 219 BB. truck Be. truck1995
project ion
Total

New York

219

G truck219 BB. truck Portland.
Maine

Mexico 650 Be truck2000
protection
Total

New York

219 650

'An untransported surpluS aCcumulated at Eaat Grard FOrkS ir eaCh mOde! The Surplue waa 2 915 unite n the base. 2.9'3 uc .S n the
1985 protection. 2.911 units in 1990. 2.906 in 1995 and 3.390 in 2000

'An untrarSpOrted Surplvs ot 2 715 unitS accumulated at AlamoSa ir. eaCh mOdel
'An Vntranapertedsurplueaccumulated at Preequelale in eaChmOdel The Surplua waS 4 rJ0g unde from the base per cd 1" Cu 995 ana
3.525 units in 2000
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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 fina! 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,
Rail shipments from Idaho Falls to Canada were
substituted for more costly truck shipments from
East Grand Forks. Other adjustments resulted in

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

Sensitivity Analysis � Table I6 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 in the solution is changed, assutning
all other rates remain static. The modes are highly
sensitive to increases in their rates. indicating that
the solution's variables could change substantially
with only slight increases in transportation charges,
The ocean modes were the most acutely sensitive,
with increases of less than I 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 fresh potatoes
for shipment and transporting these potatoes to
foreign destinations were $59,416,220, 1 he cost of
production contributed 30 percent to the total, the
cost of packaging 2I percent and the cost of trans-
portation 49 percent. The cost of shipping fresh
potatoes from origin to transshiptnent port ac-
counted for 3l percent of the overall transportation
charge while the costs from port to oversea.s destina-
tion contributed 69 percent. This information is
shown in Table 17. Since Columbia Snake river
transportation was not a part of the least-cost
distribtttion system, container-on-barge shipping
offered no savings to exporters of fresh potatoes.



Table l5, preah potato preleodena: V,S. pert lO ~ deednsgtm by rhode.
Base ntodetr t555 Pro|lscHon 1990 Prtdectlon 1995 Pro}action 1009 Pitkfectton

Hew York
149

Sreekbulk strip

htew York
149

Sreshbulk ship

New York
149

Sreskbulk Ship

New York
149

Braskbulk ship

New York
149

8 reek bulk ship

Port origin
Ouantity'

klode

Santo Domingo

Portland. Maine
133

Brea kbulk ship

Portland, Maine
133

Breakbulk ship

New York
133

B reek bulk ship

Nevv York
133

Braskbulk ship

Naw York
133

Breskbulk ship

Port origin
Quantity

Mode

Buenos Aires

Seattle
1,066

COnta~ner ship

Seattle
582

Container ship
New York

484
Container ship

Seattle
1,068

Container ship

Seattle
1,065

IContainer ship

Seattle
1,065

Container ship

Port origin
Quantity

Mode
Port orig m
Quemity

Mode

Rot terrlsrn

Portland. Maine
368

Break bulk ship

Portland. Maine
33

Breakbulk ship
New York

335
Breekbulk ship

Portland, Maine
156

Braakbulk ship
New York

202
Sraakbulk Ship

Portland, Maine
188

Sreakbulk ship
New York

202
Brea kbuik Strip

Portisnd. Maine
156

Braskbulk ship
New Yerk

202
Breskbulk ship

Port origin
Quantity

Mode
Port origin
Quantity

Mode
Seattle

53
Container ship

Seattle
51

Container ship

Seattle
48

Cont ~ incr ship

Seattle
45

Sreakbulk ship

Seattle
44

Braakbulk ship

Port origiri
Quantity

Mode

Hong Kong

'The base mOdel, representing the preaent lima paridd. wss comprised of data averaged frdrn 1971-78.
iQuantlliea ara ln 1.000 Cwt

TSSaa %5. 5enetSSIIy analysis ol Irenaprlrletian rates in fresh potato adutldn.

Assgsgfea is eoktgon ol bees modal R In rates
Mode 4eattnatlon Aelual rale LSW er change High ryr change

'Trenspditatidn iatSS to Me~ico were not available Cost of sh~pping waa appreximated uarng BrOwnsville, Texaa, as a representative
point

'Table 1y, TOISS Preduallon, Proceaetrrg end trenaprSrtaqen eeet ~ 'IOr Ireah Potatoes In bess model, Par cwl.
Sess hlntertand

model

Cost of production'
Percent ol total
Cost of processing'
Percent oi total

$17,885,320
30 1

512.476,S70
210

Cost of '.rsnsportation from.
1 0'iigin 'IO tfanSShiprrient pdil

xv of total
2 Porl to overseas destination

xvr Ot total
Total transportation cost

Percent ot total

$6.922,570
30 7

$20.151,460
69 3

$29. 074,030
489

Gniy coSIS IOr production and procesaing of potstoea that sre
marl cled are COmputad in the OOISCtrve funotron. Surplus p C
duction is ndt inciudeCI

Tatal prOduohOn. prOCesaing Snd
lransportatidn cdsta $59,416,220

fdaho Pails
Idaho Fsaa
Moses Lake
MOaaa Lake
5 ast Qrend Forte
Afsrnosa
prasrtue Isle
l.ong Island
Seattle
Sestlla
Portland, krtaine
f4ew YOrk
New York
New York

COntalnel rail
B reek bulk 1ruak
Sreakbulk truck
Broakbulk truCk
Break bulk truck
Break bulk Iru Ck
Break bulk 'lruCk
Break bulktruCk
Container ship
S reek bulk sh,p
Breakburk ship
Sreskbutk ship
Breakbulk ship
Sraskbulk ship

Sasgle
Vancouver. 8 C.
Seethe
Vancouver. 8 C
Vancouver. S.C
Mexico'
Portland, Maine
New York
Rotfardarrr
Hong Korrg
Naples
Ssn'to Domrngd
Buenos Axes
Naples

 Tr cwt!

St 94
2 10
D 70
1 10
3 56
235
1 10
0 70

11 88
11 44
14 89
8 'l3
589

14 07

1 93
1 75
0 33
'I 06
355

0 0 66
D
0

11 07
14 45

0 0
14. 02

0.5
17
53
4
0.3

100
40

100
100

3
3

100
100

04

2 Di
2,11
0 74
1 45
3 82
3 21
111
0 75

11 96
11 48
14 89
6.'! 3
5 69

14 07

05
6

32
7

37
09
7
08
03
0
0
0
0



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 t' Snake waterway was
examined along with which ocean ports will serve
as export points.

Extensive data requirements are associated with
these linear programs, information on production.
use, domestic consumption, foreign demand, rnar-
keting and transportation costs and shipping
practices were assembled 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 projected
to 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 to use its services economically.

Sensitivity analysis suggested that many of the
transportation modes were near their upper range
of stability. ln the competitive pricing environment
of carriers, only slight changes in rates v in sub-
stantially redistribute shipments among alternate
modes of transportation. The energy component of
the inland transportation rates was increased by
25, 50. 100 and 150 percent for the forecasts: all
other prices held constant. The selection of inland
mode was not greatly influenced bv these increases.
The modes brought into the solution of the base
hinterland projections were the most cost efficient
for a given route. Their consistency ol' selection in
the forecasts would indicate that they are also the
most fuel efficient for a given cost.

Container-on-Bar ge:
Study Implications

The container-on-barge mode was projected to
find greatest use with processed potatoes. Container-
on-barge was not selected for transporting fresh
potatoes. Approximately 40 percent ol dehydrated
shipments travelled by barge in the lorecasts a I-
though the overall savings in marketing costs
provided by Columbia,'Snake nver transportation
was negligible, the decreased costs to the Washtngton-
Oregon production region were projected to be
quite high. An 83 percent increase in the costs of
shipping dehydrated potatoes from origin to trans-
shipment port occurred when the conrainer-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 is the least-cost
ocean port for fresh potato exports. Middle Colum-
bia area ports were projected 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 waterway. These shippers will hase an
advantage for using the container-on-barge mode
for their exports. Crenerally. the Middle Columbia
was projected as a user area for container-on-barge
shipments while the Upper Columbia ~as not.

Export projections
The transshipment mod«ls were used to forecast

probable levels of' potato experts in thc future and
to identify the portion ol these exports that might
economically use container-nn-barge shipping.
Moderate increase~ in demand for imports nl dehy-
drated products were projected over ih; period
Only very slight increases ~ere toreca.t tur fresh
potatoes. The container-on-bargi mode tras not
chosen as a least-cost transportation alternative
for fresh potatoes. but it was sonititenrti . elected
as an economical method ot ih>pping pro~cised
products dovtnriver to Port. land for export
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Appendix A
Bsseiine Activities � Fresh Potato Model: Routes, Modes and Rates.

Rate
Mode' 'tTia! per cwtRate

 Tta! Per cwt
BB. rail
BB. truck
BB. rail
BB truck
BB rail

4.20
3 68
3.93
2. 35
3 80

AlarnOSB tO NeW York
Alarnosa to Vancouver. Canada
AlainOSa to Vancouver. Canada
Alamosa to IVlexico City, Mexico'
Alamoss to Mexico City, Mexico'

5 4.01
2.70
4.18
3.47

idaho Falls to Lewiston
k}aho Falls to Lewtston
idaho Falls to Pasco
idaho Falls to Pasco

C. truck
C. rail
C, truck
C. rail

3.62
3.69
1.75
5. 13

C. truck
C. reit
BB truck
C. Truck

idaho Falls to Urnatilla
Idaho Falls to Umatilla
Idaho Falls to Portland
Idaho Fails to Portland

5 I.10
2. 05
462

Presque tsle to Partland, Maine
Presque isle to New York
Presque Isle to New York

BB truck
BB. truck
C truck

0 70
0.75
1 60
5.69

BB truck
C. truck
BB rail
C. rail

Long Island to New York
LOng IS!and tO New Yark
Long tsland to New York
Long Island to New York

Idaho Falls to
Idaho Fatis to
Idaho Fags to
Idaho Falls to
idaho Falls to
Idaho Falls to
Idaho Falls to
Idaho Falls to
Idaho Falls to
Idaho Falls to
Idaho Fags to
Idaho Falls tc

Part! Bnd
Portiand
Seattle
Beagle
Seattle
Seattle
New York
New York
Vancouver, Canada
Vancouver, Canada
Mexico City, Mexic<P
Mexico City, Mexico'

1 22C. barge

C barge

C. barge

Law iston ta Part!and'

Pasco to PMItsnd'

Umatitla to Portland'
12 66
16.82
15,74
12,49
11.88

. ship
BB ship
C ship
BB. ship
C ship

Portland to Santo Domingo
Portland to Buenos Aires
Portland to Buenos Aires
Portland lo Rotterdam
Portland to Rotterdam

12 79
12.17
11,44
11 24

BB ship
C ship
BB. snip
C. ship

Portland to Naples
Portland to Naples
Portland to Hong Kong
Portland to Hong Kong

Seahle to
Seattle to
Seattle to
Seattle to
Seattle to
Seattle to
Seattle to
Seattle ta
Seattle to

BB
BB
BB

Moses Lake to Vancouver. Canada
Moses Lake to Nlexico City, Mexico'
Moses Lake to Mexico City, Mexico'

2.07
4.96
4.47

rail
truck
rail

to Santo Domingo
to San'to Domingo
to Buenos A~res
to Buenos Aires
to Rotterdam
to Rotterdam
to Naples
to Naples
to Hong Kong
to kong Kong

BB
BB
BB
BB
BB

C. Grand Forks to Portland
E Grand FOrkS to Portland
E. Grand Forks to seattle
E Grand Forks to Seattle
6. Grand Forks to New York

3.42
3.88
3.65
3,91
4 10

truck
rail
truck
rail
truck

E. Grand Forks lo New York
E. Grand Forks to Vancouver, B.C
E. Grand Forks to Vancouver, B C

3. 65
351
406
3. 56
4.08

rail
truck
rail
truck
rai'I

BB
BB
BB

695
6 5'I

16.22
14 89
36 53

BB ship
BB ship
BB snip
BB si ip
BB shp

Portland, Maine to Santo Domingo
Portland, Ma~ne to Buenos Aires
Portland, Maine to Rotterdam
Portland, Maine to Naples
Portland. Maine to Hong Kong

E, Grand Forks to Mexico City. Mex.'BB
6 Grand Forks to Mexico City, Mex ' BB

3 25
3.53
342
375
5 00

BB
BB
BB
BB
BB

Alamasa tc POrlland
Alamosa to Portland
Atamosa to Seattle
Alamosa to Seattle
Atamosa to New York

truck
rail
'tl'uck
rail
truck

'TranSpOrlatiOn rates tO kaeXioa City were not aiai'able Cos't
of shipping to Mexico City wssappiox rnatea s r g Brownsvil!e.
Texas. as a representative point
-'COntainer-Or,-barge rateS fOr freSI paiaiaes we'e eetimated
by doubling tt;e charges for st.ipping c ed octa'.oes t;ere is
nO refrigerated barge serv, Ce On the C o. rnb,a. Snake river sys-
tem at present SO na rates were rvaiiabie

C. truCk = COntainer On truck; BB truCk = breakbuik truck. C rail
= container on rail; BB, rail = breakbulk rail; C. barge = container
on barge: C. ship = container ship; BB ship = breakbutk ship
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Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses
Moses

Lake to
Lake to
t.ake to
Lake to
Lake to
Lake to
Lake to
Lake to
Lake to
Lake to
Lake to
Lake ta
Lake to
Lake to
Lake Io

Pasco
Pasco
Umatilla
Umatitla
Portland
Portiand
Portland
Portland
Seattle
Seattle
Seattle
Seattie
New York
New York
Vancouver, Canada

BB. rail
C. rail
BB. truck
C. truck
BB. rail
C. rail
BB. truck
BB. reit
BB. truck
BB. rail
BB. truck
BB. rail

C. truck
C. rail
C. truck
C. rail
BB. truck
C. truck
BB. rag
C. rail
BB. truck
C. Truck
BB. reit
C. rail
BB. truck
BB. rail
BB. truck

216
2.04
2.25
5. 81
2.16
1 94
4.89
4. 77
2. 10
2.28
4.19
4.10

0.52
5.27
0.65
5.46
0.80
2.02
t. 8g
366
0 70
1.29
I 89
3.66
5.60
512
1,10

hlew York
hlew York
New York
New York
New York
New York
New York
New York
New York
hiew York

Santa Domingo
Buenos Aires
Buenos Aires
Rotterdam
Rotterdam
Naples
Nap ies
Hong Kong
Hong Kong

C ship
BB ship
C ship
BB ship
C. ship
BB. ship
C. ship
BB ship
C. ship

BB. ship
C ship
BB snip
C ship
B B ship
C ship
BB ship
C ship
BB ship
C ship

'l2 68
16. 82
15 74
12 49
11 88
12 79
12. 17
11 44
11 24

613
613
5 69
5 69

15 40
14 23
14 07
14 07
35 53
35 53



Appendix B
Baseline Activities � Processed Potato Model: Routes, Modes and Rates.

Rale  T,a!
Mode' per cwt, fwe'

Rate psk!
per cwt, ftees

00
0 063
0.544
0.222
0.147
0 350
0.544
0.22
0.157
0 347
0.793
G 706
0.365
0.25?
1.297
0.747
1.654
0.94

Pasco
Umstilla
Portland
Portland
Portland
Porttand
Seattle
Seattle
Seattle
Seattle
Bay Area
Bay Ares
Bay Area
Bay Area
Houston
Houston
Norfolk
Norfolk

Tn-Cities to
Trt&ttkss to
Tri-Cities to
Tri&itles to
Trl-Cities to
Tri-Cities to
Tri Cities to
Trl&l'ties to
Tri-Cities to
Tri&ltles to
Tri-Cities to
Tri-Cities to
Tri-Cities to
Trinities to
Trt<ittes to
Tri-Cities to
Tri-Cities to
Tri-Cries lo

C. truck
C. truck
88. truck
C. truck
88, rail
C. rail
BB. truck
C. truck
BB, rail
C. rail
BB truck
C. truck
88. rail
C. rail
BB. truck
Bb. rail
BB. truck
BB rail

Canada
Canada

0.753
0 335
0 573
0. 273
1 062
G.363
1.029
0.405
1 106
0.490
1 106
0.605
1.200
1 320
0.458
0 165

to Denver
to Denver
1o Chicago
to Chicago
to Degas
to Dallas
to Atlanta
to Atlanta
to New York
to ftew York
to Vancouver, B.C
to Vancouver. B.C.
to Houston
to Houston
to Houston
to Houston

E Grand Forks
E. Grand Forks
E. Grand Forks
E. Grand Forks
E. Grand Forks
E. Grand Forks
E. Grand Forks
E. Grand Forks
E. Grand Forks
E. Grand Forks
f. Grand Forks
E Grand Forks
E. Grand Forks
E Grand Forks
E Grand Forks
E Grand Forks

88 truck
88. rail
BB. truck
BB. rail
BB truck
88. rail
BB. truck
BB. rail
BB truck
BB rail
BB truck
BB. rail
BB truck
C. truck
88 rail
C rail

Chicago
Chicago
Atlanta
Atlanta
New York
New York
Norfolk
hlorfolk
Nortoik
Norfolk

0 BOO
0 497
0 982
0.560
0 503
0 300
0 830
0 870
0 435
0 227

88. truck
BB raii
BB, truck
BB rail
88 truck
BB. rail
BB truCk
C truck
BB rail
C. rail

Preaque Isle to
Presque Isle to
Presque isle to
Presque Isle to
Presque ilsle to
Presque Is/e 1o
Presque Isle to
Presque Isile to
Presque Isle to
Presque isle to

0.764
0 308
0.927
0 413
1 262
0.676
1,22'1
0.667
1 468
0 797
1.55g
0 953
0.604
0.203

BB, truck
88 rail
BB truck
BB rail
BB truck
BB. rail
BB. ~ruck
BB rail
88 truck
BB. reit
BB truck
BB. reit
BB truck
BB. rail

to Sacramento
to Sacramento
to Denver
to Denver
to Chicago
to Chicago
10 Dailaa
to Dallas
to Atlanta
to Atlanta
tO New YOrk
to New York
tO Vaneeuver. Canada
to Vancouver, Canada

Tri-Cities
Tri-Cities
Tri-Cities
Tri-Cities
T ri-C it ies

rl-Ci'ties
Tri-Cities
Tri-Cibes
Tn-Cities
Tri-Cities
Tri-Cilies
Tri-Cities
Tri-Cities
Tri-Cities

idaho FallS
idaho Falls
Idaho Ftdte
Idaho Falls
idaho FaNs
idaho FRRs
Idaho FaRe
idaho Falls
Idaho Falls
idaho Falls
Idaho Falls
tdaho Falls
Idaho Falls
Idaho Fade
idaho Falls
idaho Fails
idaho FaNs
Idaho Felts
idaho Fags
idaho Falls
idaho Falls
idaho Falls
Idaho Fags
Idaho Falls
Idaho FaNs
idaho Falls
Idaho F alta
Idaho Falls
idaho Fails
Idaho Falls
idaho Fahs
Idaho FaRs
tdahO Falls
Idaho Fall»
Idaho Faf le
Idaho Falls

to Sacramento
to Sacramento
to De~ver
to Denver
to Chicago
to Chicago
to Datlas
to Degas
to Atlanta
to Atlanta
to New York
to blew York
to Vancouver,
to Vancouver,
to Lewiston
to t.ewiston
to Pasco
to Pasco
to Uinaliila
to Umatilla
to Portland
to Portfand
to Portland
to Portland
to Seattle
to Seattkt
to Seattte
to Seattle
to Bay Area
to Bay Ares
to Bay Area
to Bay Area
to Houston
to Houston
to Norfotk
to Norfo/k

BB. truck
BB. rail
BB. truck
BB. rail
BB. truck
BB. rail
88 truck
BB. rail
BB. truck
88. rail
BB. truck
BB. rail
BB. truck
BB. reit
C. truck
C. reit
C. truck
C. rail
C. truck
C. rail
88. truck
C. truck
BB. rarl
C. rail
BB. truck
C. truck
BB. rail
C. raii
BB. truCk
C. truck
88. rail
C, rail
BB truck
BB. rail
BB, truck
BB rail

90 706
0.2BB
0.618
0.443
1 132
0.488
1.107
0.563
1.360
0 656
1.540
0,932
1.070
0.447
0.472
0.317
0.497
0.333
0 455
0 340
0.653
0 567
0.293
0.276
0.675
0.657
0 326
0.295
0.706
0.717
0 266
0.250
0.930
0 593
1.470
0.932

'C truck= container on truck: 88 truck = breakbulk truck, C. ra:i
=COntainerOn rail. BB. rail = breakbutk rai!. C barge- Ccntainer
barge; C. ship = container ship; BB ship = breakbuik ship
'Ratea Were COnverted tO a freah-Weight-equivalency



Appendis B  cont'd!,

Rate  T��!
per cwl, iwe' Rate tT,a!

Mode' per cwt, twe'
Mode'Activity Activity

C barge

C. barge

C barge

L.ewiston to Portland

Pasco to Portland

Umatilla to Portland

0 117 Bay Area to Naples
Bay Area to Naples
Bay Area io Hong Kong
Bay Area 1O HOng Kong

BB ship
C ship
BB ship
C ship

1.550
1 186
2 607
2 573

0.103

0.103

Houston
Houston
Houslon
I-I ou alon
Houston
Houston
Houston
Houston

Portland
Portland
Portland
Portland
Portland
Portland
Portland
Portland

tO PuertO Cabelld
io PueriO Cabello
to Rotterdam
to Rotterdam
lo hlaples
to Naples
to kong Kong
to Hong Kong

lo Puerto Cabello
to PuertO Cebetlo
to Rotterdam
to Rotterdam
to Naples
to Naples
to Wang Kong
to Mong Kong

Bay Area to Puerto Caballo
Bay Area to Puerto Caballo
Bay Area to Rotterdam
Bay Area to Rotterdam

Be. ship
C. ship
Be. ship
C. ship

3.077
2.957
1.715
1.312

'C. truCk = COntainer On truCk: BB truCk = breakbulk lruCk, C. rail
= CqntainerOn rail; BB rail = breakbulk rail; C barge= cqn1ainer
On barge; C. Ship = COntainer Ship. BB Ship = breakbulk Ship
'Ratea Were COnverted IO a fresh-weight-equivalenCy

Appendix C
Projectlans of Increases in Demand for Processed Potatoes

Based on Income Elasticities

T. Projections of Change~ in!ncolne I ~ Y!:
A 5rc annual average gro55t	 rate ln real G.'sP
v, as estimated to occur it. Ksia from 19 8-90. and
a 4'r rate 5yaS prOjeCted fOr Furiipe i Fswon COr-
poration 19 9!.

3. EquatIOns,

The elasticity of income is mathematically defined as;
Ey = ~rAQ

'7chY

tshere E>= income elasticity
Q = quantity demanded
Y = income

l ovt RangeHigh R
t! ~CT9 =

Region ange

'< -'Q
 'I5

ii 1 !l!r. = '.:-Q

�51. Measures ot incotne elasticities  E,!:
A high measure ot 0.2539 for demand ofall potato
PrOductS in the U.S  O'Ro»rke 19NO!. and a lOn'
measure of 0.1006 for demand of instant mashed

-PolatOes in Canada IHaSsan 197 ! v ere uSed in
- the projections.

' Q = ticiI"  

{i ]  itlf = ' .; Q
ti i

0.':9 = -'QFurope

' Q = L! 3t! "rQ=0.

23

Seattle
Seattle
Seattle
Seattle
Seattle
Seattie
Seattle
Seattle

to Puerto Cabello
to Puerto Cabello
to Rotterdam
to Rotterdam
to Naples
to Naples
to Hong Kong
to Hong Kong

BB. ship
C. ship
Be ship
C. Ship
BB. ship
C. ship
BB. ship
C. ship

BB. ship
C. ship
Be. ship
C. ship
Be. ship
C. ship
BB. ship
C. ship

3.077
2.957
1.715
1.312
1.550
1 188
2.6D7
2.573

3 077
2 957
1.715
1.312
1.550
1.188
2.6D7
2.573

Norfo!k
Norfoik
Norfolk
Norfolk
hlorf elk
Norfolk
Norfolk
Nortolk

to Puerto Caballo
to Puerto Cabello
to Rotterdam
to Rotterdam
to Naples
io Naples
to Hong Kong
to Hong Kong

BB ship
C ship
Be ship
C sh I p
BB ship
C. sh p
BB ship
C. ship

BB ship
C ship
BB ship
C. ship
Be ship
C slip
BB ship
C ship

1 110
0.96D
h148
1 O'I8
1 728
1 598
3 905
3. 708

0 960
0 960
2 558
2.363
1 287
1 287
3 755
3 708



/~ SER VICE ~M

SERVING THE STATE

Teaching ... Research ... Service ... this is the three-fold charge
of the College of Agriculture at your state Land-Grant institution, the University
of Idaho. To fulfill this charge, the College extends its faculty and resources to
ag parts of the state.

Service ... The Cooperative Extension Service has offices in 42 of Idaho's 44
counties under the leadership of men and women specialty trained to work with
agriculture, horne economics and youth, The educational programs of these
College of Agriculture facuity members are supported cooperatively by county,
state and faderai funding.

Research ... Agricultural Research scientists are located at the campus in
Moscow, at 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 Soli and Water Laboratory at Kimberly. Their work includes
research on avery major agricultural program in Idaho and on economic activi-
ties that apply to the state as a whole.

Teaching ... Centers of Coliege 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 are the variety of workshops and training
sessions developed throughout the state for adults and youth by College of Agri ~
culture faculty.
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