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A Spatial Programming Model � Transit Time:
Simulation Study of Dry Pea Export Shipments

From the Pacific Northwest
Gary L. Belcher, James R. Jones and Karl H. Lindeborg

Spatial mathematical prograrnrning models have
been used in several studies dealing with transporta-
tion issues.' Their usefulness lies in their ability to
analyze the interdependent effects of freight rates,
demand requirements and supply availabilities, all
in conjunction with multiple availability of modes.
routes and other considerations in tnoving com-
modities from surplus production regions to deficit
markets in a least-cost framework, One criticism of
studies based on programming models is that they
ignore transit time considerations and focus ex-
clusively upon freight rates in selecting the optimal
shipping modes and routes for shipping com-
moditiess.

ln an earlier phase of the study reported here, it
was found that Pacific northwest dry pea and lentil
shippers choose among truck, rail and barge for
containerized shipments and truck and rail for
loosely-stowed, break-bulk shipments. Competition
among these modes is keen in terms of freight rates.
However, other decision criteria besides just the
freight rate are of importance for modal choice;
attention should also be given to transportation
service quality.' While there are several dimensions
of service quality, transit time is one major con-
sideration that could affect the shipper's selection
of transportation mode.

'The varieties of these models that are applicable here include
transportation and transshipment linear programming models
and quadratic and reactive programming spatial equilibrium
models. While the actual model employed is a transshiptnent
model, the same procedure developed in this study can be
applied to other mathematical programming models in like
fashion.

'Of 11 shippers responding to a preliminary survey conducted
on whether transportation cost or service quality is most im-
portant. six cited cost, two cited service quality, and two
assigned them equal importance. The other shipper who re-
sponded to the survey indicated he would "pay more for
reliable, good service if the cost difference is not too great,
 although! the most expensive  service} is not always the best
service either."

Study Ob!ectives
This study developed a procedure for analvzing

the cargo cost of transit time in spat.ial program-
ming models. The procedure was applied to a model
preVl'OuSly reported by Belcher et al.  I979! u,hich
looked at freight rates only for dry pea export ship-
ments from the Pacific Northwest  PXW!. Specific
objectives were to:
I. Evaluate cost dilferentials of intramodal and

intermodal shipping methods caused by incor-
porating the cargo cost equivalent of transit time
in the rate structure of a transshipment mathe-
matical programming ~odel of dry pea export
shiptnents from the PNW.

2, Analyze the sensitivity of least-cost shipping
solutions  in terms of shipping volume, modes.
routes, ports and transportation costs! to varia-
tions in interest rate levels and time delays.

3. Demonstrate the effects of time delays at Bonne-
vige lock on the Columbia River upon least-cost
shipping solutions.

Definition of Transit Time
Total transit time includes loading at the pro-

cessing plant, tnovement to the river terminal,
unloading and barge loading at the river terminal,
movement to the ocean port, intraport movement,
ship loading and ocean movement to the foreign
port destination, lt also includes storage time
associated with availability of transportation ser-
vice, Rail or direct truck shipments to the ocean
port omit the river terminal. Transit time varies
according to the mode, handling method, route and
distance.

An economic analysis of transit time involves
several considerations. Most importantly, a ship-
ment represents an investment with an attendant
financial cost to the shipper. That is, the shipper
has paid the producer for the raw product  in this
case dry peas! and, therefore, holds title to the
commodity. A time interval exists between pav meta
to the producer upon purchase and payment from
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the consignee upon delivery. A relatively fixed por-
ti<m of this time interval involves processing. handl-
ing. packaging and warehousing operations. 'I he
reinaining portion of the time interval � in-transit
time � is variable depending upon modal choice.
The shipper has money tied up in the goods, and
until he obtains payment, the shipper must bear an
interest charge to finance the shipment,

Previous Work Irtcocporatlng Transit TIme
Most transportation econotnists have approached

the transit time cost problem sirnilarlv. Mcyer
{1959} stated that "a dollar value may be assigned
to more rapid transit time. The costs involved in a
longer time in transit are interest. risk and obso-
lescence." Meyer further asserted that "such costs
depend not only on the titne in transit but also on
the value of the shipment since risk, obsolescence
and interest per unit of time are properly computed
as a percentage of this value per weight unit of the
commodity." {Obsolescence would mean perish-
ability or deterioration. >

ln a more recent work, Roberts �971! stated thai
"the opportunity costs ol' the goods w bile traveling
is merely the interest on the money tied up during
travel time. The money involved could have been
invested at the prevailing interest rates during this
titne to produce an income." Roberts omitted risk
and deterioration from the opportunity cost analysis,

Goss �977! developed a succinct statement of
the problem:

"Goods in transit are linanc«d, explicitly or
implicitly. by working capitul. Wit h explicit finance
charges payable and the greater ihe iraniii  imc,
the greater vrill be ihe interest rhni pc. With implicit
finance, either the importer or thc exporter will be
using his own miiney, and there will bc. except in
terms of an opportunity cost. no identifiable in-
terest charge. But either way capital is heing em-
ployed. and it has an opportunity cost. Regardlcis,
therefore. of the explicit or implicit form. extent
and terms  for example, as regardiihe interesi ratej
of this finance. the social opportunity coit ol'capital
is again the relevant measure."
ln a similar study, Mohring f1976! f'ound that

"most shippers would likely prefer faster to slower
transit time. At the very least. laster deliveries
reduce the interest costs to holdiitg inventories."
This is an a.lternative manner for perceiving the
transit time cost problem   i.e.. t he cargo is essentially
unpaid-for inventory which reniain» so even while
in transit!. These costs end at the geographic point
ol' title exchange.-'

'Ihe point of exchange tfepends on ihe ierins ot sale te.g.,
F.Q. tt.. C".t.F.. etc.! which determinei ihe time span that ihe
shipper must bear the intereii co~ii On an l-.O H.-ocean port
term o sale � a typical term of sale toribe putie shipper - the
title eXChanre and payinents occurs ai ihc t'.N. acean pOrt.
Another crirnman term of iife ii t'.I I- l hei riiLJIls to delay
title exchange arLd paymcni uniil ihe .hipnient noises at ihe
foreign pon rte nriatioii. In nor study. the E.' t t-. term is used.

 !ther work on traniit time lias focused on;

l. Ihe economic cost of human transit time.

2. The cost of delav to the mode rather  han the
cargo.

3, Transit time as one of many measures of trans-
portation service quality.

4. I he conditions lor demand for slower transit
times,

5. Shipper use of transport modes as substitutes for
storage.

Although the data base and application for the
economic cost oi' human transit time are quite
removed from this study, the methodology is similar.
To measure thc gain or los» to the individual in the
instance of upgrading a road, for example, the con-
cept of opportunity cost can be applied. The cost of
a mode's time has also been studied. l-"or example,
Goss and Mann �977! analyzed the cost of time
delay to ocean vessels  port changes, foregone
cargoes, etc.! and concluded, "the total cost of
defusing a ship with cargo on board is: the cost of
delaying the ship and the cost of delaying the cargo."

Other recent studies approached transit time as
one ol many measures of transportation service
quality. Johnson   1976! estimated the influence of
transportation service quality upon transportation
demand tor grain shipments. Transit time, in terms
of railroad speed, was one of 10 factors considered.
Mikfius. Casavant and Garrod �976! estimated
demand for agricultural transportation for cherry
and apple shipments, Variables used in the cherry
model were rail and truck freight charges, transit
times 1'or both modes, shipment value and age of
pack, Results from the cherry model indicated that
for highly perishable commodities. "the choice of
transport mode is much more sensitive to the transit
time than freight charges,"

I-our problems encountered in estimating the
impact of transit time on modal choice are the
varianccs experienced in actual transit times among
modes, "slow-steaming," scheduling and instances
~here the mode of transportation may be viewed as
a storage facility. Variances in transit time can be
sig n if i ca nt.

Daughety and lnaba �976! noted that "variance
in scheduled transit time increases the risk of incur-
ring penahies due to late arrival of goods and future
loss of customers," Information about variability
was gathered from a shipper survey  in terms of
estimating minimum. average, maximum and
variance of time in transitj. Complete data were
not forthcoming, so use of this data was restricted
to average time in transit.

Miklius, Casavant and Garrod �976! observed
that there may be a difference between actual
variability of transit time and the variability per-



ceived by shippers. A related problem is one ol'
"interlining -- where a shipntent is handled bv fttofe
than one carrier between the origin and destination"
 Piercy and Ballou 1978k

You must break down the transit time into each
carrier component for this study. "Slow-steaming"
is a phenomenon which is a response to higher
bunker prices, I-uel consumption is less at slower
speeds. especiallv with diesel engines. This presents
a problem for a transit time study because con-
flicting motives exist for lessening transit times,
Also if the shipper views the mode as substitute
storage, slow transit may be preferred to rapid
transit. Both the study by Johnson and bv Miklius
et al, found evidence of this.

To arrive at precise times, the monitoring of
actual shipments is possible if money and time were
available to gather a statistically meaningful sample.
Studies have been conducted which monitored
actual shipments comparing the physical and cost
performance of competing shipping systems, prin-
cipally break bulk and containers {Hutchinson,
Hoffrnan and Parlett 1976; Mongelli and Lederer
f975; and Nicholas and Breakiron 1974!. Transit
time was one factor for comparison, but variances
in time were not analyzed in these studies.

The timing of shipment must coincide with inland
mode availability and ocean vessel scheduling at
the IJ.S. port. Shipping deadlines and rigid schedul-
ing can cause failures in linking up inland and ocean
modes, Moreover, an advantage exists in tight
scheduling to exploit frequent sailings, The short
distance from PNW ports to Japan relative to other
U.S. ports loses its advantage if goods must wait on
the quay. At most ports, limited time in free storage
is usually allowed. Following that, however, de-
rnurrage penalties are assessed. In another study,
surveyed shippers cited that lack of regularly scheduled
rail service was tnore displeasing than relatively
slow transit times  Hutchinson et al, 1976!,

An additional transit time problem exists in port
of call scheduling. Cienerally, the ocean vessel does
not go directly from the U, S, port to the foreign port

of shipment destination. Other li.S. ports of call
and intermediate foreign ports of call ntay he en-
countered. For example. shippers on the  'reat
Lakes report it takes an additional week to ship
from Chicago to Rotterdam because the vessel has
to stop at too many ports on the way to get enough
cargo  Journal of Commerce 1979k

It might be argued that transit time i» already
accounted for in the transportation rate  i,e., that
laster transit time will command a premium rate!.
Obviously, moving cargo becomes increasingly
expensive with progressively faster rail, truck and
air service. Time can be minimized according to a
shipper's willingness to pay a higher rate Ior thc
increase in the motive power required. However.
although transit time may be implicitly accounted
I'or in the freight rate. transit time is not implicitl>
accounted for in cargo that is this study's objective.

inland transit time can also be a substantial lactor
in the selection of ports. The geography of the lJ.S.
tends to favor California ports for cargoes to and
from the East Coast and the central and southern
Midwest areas, while the northern Midwest areas
favor the PNW. Palouse area shippers cite little
difference in inland transit time by the same mode
to regional ports such as Seattle or Portland.

Study Assumptions
I. The study assumes that faster transit is preferable

to slower transit. Pulse shipments are assumed
to be destined for near-term consumption rather
than to supplement inventory.

2. The study assumes that both the pre-shipment
planning period and the frequency of inland
transportation services allow enough time for the
shipper to choose among barge. truck and rail
modes and avoid storage or demurrage charges.

3. The study assumes that all shipments go directly
to desttnattons.

4. Frequency, availability. the size of consignment
and product perishability are other factors that
affect modal choice that are ignored.



A Transshipment Model Incorporating the Cargo Cost Equivaient
Of Transit Time into the Freight Rate Structure

A methodology was developed to incorporate
transit time considerations into the traditional,
transshipment, linear programming model. The
adapted model is mathematically formulated as:

 I! Minitnize DPTC =
S 11 S

[R '  � T V!j��

where:

DPTC = transportation cost of dry peas
i = origin area index
r = destination area index
t = tnode index

X�, = hundredweights of dry peas transported
from origin area to destination area, by
mode ~.

t'
�! C = f R   3<5 ! - T - V]��= the transportation

cost  per cwt!, including cost of transit time,
from origin i to destination j by mode k

where:

R = freight rate
r = interest rate

rj365= daily interest rate
T = transit time in days
V = value of per cwt shipment

This term is denoted as, C in traditional transship-
ment models.

subject to;
1!

<3! E Z X�,  S,
I r= I

92 5
�! z Z X�, wD,

r =1 i=I

 S! X�, ~0

 b! ZS, = xo,

where:

S, = supply of dry peas at origin i
D, = demand for dry peas at destination j

Transit time is tncluded i» the transshipment
model in the cost term defined in equation 2. I ransit
time is constdered in the model as a cost component
of shipping and is expressed in terms of an interest
charge for the commodity during the time it is in
transit.

The potential elf'ects of transit time int.crest
charges canbe demonstrated w 1th a simple example.
Suppose that a rail shipment taking 4 days at
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60 cents per cwt transportation rate and a truck
shipment taking I day at 80 cents per cwt rate are
moving to the same destination, If' interest costs on
the value of the cargo were IO cents per cwt per day.
the effective cost of transportation becomes %I.OO
per cwt for rail and 90 cents per cwt for truck. Thus,
in such a situation, the truck mode is actually
cheaper when considering cost of transtt time.

Oata Reqttirements
Transit time data were gathered from ocean

steamship conferences and lines. railroads, truck
companies and shippers. A mail tluestionnaire was
used to record the answers concerning transtt time
observations  'or specil'ic modes over the various
routes included in the model.

l.ack of complete sets of transit time observations
led to the necessity of estimating missing observa-
tions. A linear regression of time against distance
[ I' = f  D! j was developed for each type of mode. The
transit time was the dependent variable and distance
the independent variable. The actual data from the
questionnaire and the estimated data are tabulated
in Appendix Tables I to l2. The tables show the
costs of' transit time with varying interest rates
that are then added to the original costs of the
model activities. The estimates of transit time ob-
tained from the linear regression were used in
subsequent analysis even where actual da a were
available. In this way, theestimated transit times for
variou» routes were presumably more mutually con-
sistent because these estimates abstract from random
variation and other f'actors such as visits to un-
known ports of call before final destination and
other scheduling variables not accounted for.

Empirical Examples of Use of Traftsit Time
Parametric Variatlon of Intereat Rate � As indi-

cated in Appendix Tables l to l2, rate data from a
pres i<1us study  Belcher et al. I979, pp, 22-93! were
augmented with the cost of transit time. In essence,
the interest per day on a $30 value per cwt of cargo,
multiplied hy the time the cargo was in transit, was
added to the transportation rate, Interest rates were
set at lO, l5 and 20 percent. The augmented trans-
portation rates were incorporated into a trans-
shiprnent linear programming model  Befcher 1978!.
fhe model minimizes transportation costs and
concurrently selects least-cost modes and routes.

Four simulations were developed for the para-
met ric v ariat ion of interest rates. The first simulation
represents a zero percent interest rate. Simulation
runs 2, 3 and 4 represent interest rates of l0. I5 and



2 ! percent respectively. The zero percent simulati<in
is conceptually equivalent to Olnittlng transit time
cost and is used a» a base to analyze the impact of
including transit time as a COst ContpOnent on the
inodel solut ion.

Table t. Results ol impact of cost ol transit time lor dry peas at 0, 10, 15 end 20 pereent interest rates'  Least~oat solution of lransahlp-
mant linear programming model!.

Qrrantfty transported  cwt! urider the lour alternative solutions

�0'<>! �5'% !

container on truck  COT!
container on truck  COT!
break-bulk truck  BBT!
container on truck  COT!
conte~nor on barge  COB!
container on barge  COB!
container on barge  COB!
conta~ner on barge  COB!

348,170
206,900
704,958

0 0
172,879
26,056

201.947

Spokane 1o Seattle
Moscow to Seattle
Coilfax to Seattle
Colfax to Seattle
Colfax to Portland
Moscow to Portland
Kendrick to Portland
Craigmont to Portland

348.1 70
0

94,670
206,900
403,388
379.779

26,056
201,$47

348, 170
0

94.670
206, 900
403,388
379,779
26, 056

201. 947

348,170

0 0
206,900
498,058
379,779
26,056

201,947

break-bulk ship  BBS!
break-bulk ship  BBS!
break-bulk ship  BBS!
break-bulk ship  BBS!
mini-bridge  MB!
mini-bridge  MB!
container ship  COS!
container ship  COB!
container ship  COS!

94,670

o 0 o
408,080
146,990
497,130
470,180

94,670

0 0 0
408,080
146,990
497, 130
470,180

43,860

94,670

0 0 0
408.080
146,990
497, l30
470,180
43,860

Seattle to Buenaventura
Seatlle to La Guiara
Seattle to Yokohama
Seattle to Singapore
Seattle to Hamburg
Seattle to hlaples
Portland to La Guiara
Portland to Yokohama
Portland to Singapore

94,670
96,248

470,180
43.860

408,080
146,990
4M,882

0

649,740
1,011,170

1,260,028 649.740
1,011, 'l 70

555,070
1,105,840

Totat shipments via Seattle
Total shipments vie Portland

'Original transportation costs plua COSt of transit 'time at different interest rates are ShOwn in Appendix Tables 1 to 12
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Isararnetric Varitttlon of Bonneville Time Oelay--
A specific transportation delay problem concerning
the Bonneville Lock on 1he Columbia River was

analyzed using the transshipment model incorpor-
ating transit time costs, The Bonneville l.ock is
smai!er in size than the newer locks further upriver:
consequently. multibarge tows must be broken up
and barges towed individually through the lock.
The problen> is in the time delay the single tows
cause. Costs are incurred by the barge company for
the additional fuel and labor required and l<>r the
cargo's owner in terms ol interest costs on in-transit
cargo.

The additional barging costs will be absorbed
initially into the prevailing barge rate, although
over time the rate could be expected to rise. The
costs to the cargo. however. are directly affected
bv the increase in transit time, and the adapted
transshipment model can be used to ascertain the
irn pact of t he se costs.

Proponents of a new lock argue t hat the delay and
costs are too high, Opponents of a new lock contend
that the delay is not so serious, and the cost of the
new lock is too high.

I'o estimate the impact of delay at the Bonneville
Lock on cargo costs, the time element of the transit
time cost equation f r -', 365 x t x v,' cwt! was increased
hy 3, t>, 
 and 24 hours to represent delays of those
amounts, 'I he delays were applied only to the I 5 per-
cent interest rate model.

Interpretation of Results
Transit Time Consideration I lic results ol thc

four simulations from vary ing lh» interest rates are
given in Table l. A distinct effect iif including transit
time in the lnodel solution emerged l'rom 1 able I, As
interest rates increase, containerized modes increase
their share of dr! pea movements while break-hulk
movements decrease. This result is expected since
Ofte of lite lnain advantages <il cont<iitieiiz<ition is a
unitized cargo which <foes not need to he rehandli:d
or repacked beyond the original container stuffing.
Individual bags are restovvcd at each niodal inter-
face for the break-bulk modes. Consequently,
containerization»l cargo g<.nerall! sat es time over
hreak-hulk movernen . 1 hii result suggests that
«mission of transit time in prograniming models
tend to understate the adianlage ol containerized
shipments as opposed to break-bulk shtpnients.

The transit time ohservaii<ins l'or break-bulk
ship were generally much lo»gcr thai> for container
ship. The greater time resu!tv 1'rom at least two
reasons:

l. Break-bulk vessels may ha<c tn<irc piirts o! cali.

2. 1 he addition'll handling causes break-hulk ships
tO Spend m<ire time in port thtin COnt;iiner1eSselS.

As one researcher found. "Conventional break-
bulk cargo vessels typically spend only about 40 per-
cent of their time at sea and 60 percent in port"
 Whittakcr 1975!. The additional costs because of
transit time considerations for the break-bulk modes
caused those modes to decrease their sharc of cargo
relative to container modes. Thc transit time obser-
vations for break-bulk ship ranged from 8 to 82 days
depending on the route c<>mparetl to a 8- t<i 3 I-day
range in container ship transit time observations
 Appendix Tables 7 and �!.



With only the freight rate considered in the base
model. break-bulk modes are competitive with con-
tainer modes over certain routes  particularly those
distant I'rom river transportation yet wi h more than
one ocean port c:qually accessible!. However, the
cost of transit time, in addition to freight rates,
causes brcak-bulk mode~ to drop iiut ot the solution
as the transit time costs increase,

ln the base model � percent! in Table I, break-
bulk truck i» the least-cost transportati<in mode
from the major supply point -- Colfax � which is
also the only user of the break-t>ufk mode. As cargo
transit lime costs are incorporated into the model.
Colfax is served less by break-bulk truck  f'rom
100 percent of the origin's supply down to 13 percent
and eventually to 0 percent when the highest levels
of transit time costs are considered! inihe least-cost
solution and more by container modes. which rise
from 0 to g7 percent and then to 10 ! percent of' the
origin s supply.

An unexpected resuh emerged from the model
results. Despite the fact that inland transit time
for container on barge is longer than truck or rail,
container on barge increases significantly in the
overall solution as t.he cost of transil. lime increases.
I'rom 24 percent in the base model to 61 percent and
then to 67 percent. In conjunction with this result.
the share of shipments going through Portland as
opposed to Seattle increased from about one fourth
to nearly two thirds ol' lhc total.

'Since the transshipment model examines each
route and all of the route's possible modal combina-
tions which transport the cargo at least cost from
origin to foreign destinalion, il is possible to have
a relalively slow inland mode ciimhined with a
relatively fast ocean mode  c.g.. c<intainer on barge
and container shtp! thai ~ould have a shorter rom-
bined transit time than a relatively t'ast inland
mode combined with a slow oceanmode lc.g.. break-
bulk truck and brcak-hulk shipl. Container on
barge. however. is not 1'aster th.in container on
truck which conceivably could cornhine with con-
tainer ship and be faster than the container on
barge - container ship combination. lherelore, a
SeCOnd reason that container oii barge  including
its initial truck component! crimes tn dominate is
that it has a rate advantage over ciirnpeting modes.

The additional ciisl because of transit time is nol
large enough  caused hy the liiv, value of the dry
pea cargo} to decrease thai advantage. Additionally,
COnlainer on truck or rail f'ace difterent types Of port
charges than container on barge that gives container
on barge a further advantage I bus. container on
barge maintained its advantage over containerired
truck movement.

SerLaltlvfty Analysts I he standard. linear pro-
gramming, sensitivity analysis presents a range
in the transportation rate in which the solution

Table� ? Least cost sotullnne ol the tour atmu &ioiiI concern lit tr
traitItt time costs,

Total trarrayor- Coat tneroa~
tet ton costs' tisim be srtotttttAtrernattle attuattorrl'

Base moaet tttss!
1 ocis interest  transit time!
1 ass interest  traiisn time!
2O'4 interest ttrans>t time!

$7,795.375
B.16tt,064
8.346,438
8.527,478

4.7'vo
7. t%>
9.4ss

'The costs of transit time are computed from the formulae: inter-
est rate/385 trans' time in days value/ewt fAppendix Tables
1 to 12!.

~otal costs of transporting the total supp ty ot dry peas trorn the
points ot origins to the final destinttttons

holds. Hy dividing thc cost per day of transit time
I I' 1 365 + $30! intii t he amount of the range of a
particular rate, a rang» in terms ot days in transit
is obtained. Such information measures how sen-
sitive the solution is to transit time. The inl'orrnation
could «lso he usef'ul in an analysis of scheduling
or delays. For example, the activity of' Spokane
to Seattle bv container truck was in lhe 10 percent
interest rate rnodcl solution. The transportation
rate is $0.719 and could rise to $0.755 at which point
this activity drops out of'the solution. The dif'terence
in range is $0.036. By dividing the range by the cost
of transit time per day at 10 percent inl.crest {S0.008!.
thc number of days that could have been used
additionally before lhe activity drops out of the
solution is 4.4. This calculation is pertormed at the
10, 15 and 20 percent interest levels for each alter-
n a t ive situation i n Table 1 .

I-'ig. I shows the shipping pattern of dry peas
under an interest rate of zero, that is, with no transit
time considered in the model. I'ig. 2 considers the
sensitivity ol transit time under 10 and 15 percent
interest rates. 'I he numbers in parentheses indicate
lhc range in transportation rates converted into
transit days. For example, the activity of Spokane
to Seattle by container truck can increase 4.4 days
i!t transit time before the solution changes. �n the
other hand, the transit time can decrease to infinity
betore the solution changes. In realitv, this means
that the activity will remain in the solution regard-
les» of how low the rates become,

Note that from the points of origin to the two
inlermediate shipping ports. the transshipment
mixlel is quite sensitive to transportation rate  transit
 ii»el changes. From the intermediate ports to the
destinations in Furope, the transit time is much
more stable with respect to changes in the model.
%hen transit time bccornes more expensive, as
depicted by the 20 percent interest rale scenario,
the model becomes very sensitive to changes in
transit time both in ~hipping from the points of
origin to the intermediate ports and to final destina-
lions. This is shown in Fig. 3. If transit time becomes
more expensive than in the last situation, the ship-
ping pattern» would be altered considerably with
re.spect to riiute and mode.



I'ig. l. Shipping patterns nf dry peas  in cwt! under 0 percent interest rate,

OriginsDestinttttons

Buenaventura pokane

Naples
Colfax

BBS 470,180 SeattleYokoham

oscow

Singapor

endrickrtl and

Hamburg

i g mont
La Guiara

Source. Table 1

Fig. 2. Shipping patterns of dry pens in cwtiundhr ta and 15 percent interest rates  shnsitivity of  he transshipment madel is indicated
by the numbers in the parentheses!.'

OriginsDestinatians

Buenaventura
okane

Naples
Seattie Colfax

Hamburg

Dscow

Portlan

ndrick

Singapore

tgmont
Ea Guiara

Source: Table t.
'The transportation rates were converted into transit days by the tormuiae Iran sports tio n rate

0 t0/365 ' 30
The positive numbers represent the upper range, and the negative numbers represent the iower range in transit days

1 5 +3.7!
NtB 40a,08

Vokoharn COS 470,180   Ny 7!

Intermediate
shipping ports

intermediate
shipping porte



1 able 2 depicts the additional costs of shipping
lhe total supply of dry peai from the points of origin
to the final destinations. The total costs of trans-
portation increase by $732,103 or 9.4 percent when
transit time cost. is calculated at a 20 percent rate
as opposed to being omitted entirely.

1 able 3 ihowi the increase in tot;tl coi i asiociated
wtlh the alternative delayi. lhc total co~lsoftran~-
porting in termi of cargo transit time coits increase
by $13, 100 or lesi than .2 percent when average
delay> of 24 hour~ occur. This aipect of delays
appeari to be relatively small. but it is important
to remember that this procedure ignores the transit
time cost equivalent of mode and crew costs,

Bctnnevitie Lock Time Oelay � - Thc results of time
delay at the Bonneville l.ock tsere simulated lo
analyze how the cargo cost etfuivafent of these
delays affects the least-cost solution for dry pea
export shipments from the PN W, '1 hc added cost of
delay was computed hy adding,3,6, 12 and 24 hours
of delay to the mode of transit pasiing through
Bonneville Lock and calculating the new cost of
transit time for thai mode at an assumed 15 percent
rate of interest. The solution nf the basic model
 given under 0 percent in Table 1! changed with 3
hours delay calcukated at 15 percent, and then the
new solution stayed constant for all the alternative
situations  fi, 12 and 24 hours of delayil analyyed.
The sensitivity nf the alternative situations was very
similar to ones given ln Figs. 2 aind 3 under the
parametric variation ol interest rates used as a
measure of trans it t i me.

Table 3. Least-cost solutions ef the flee alternative situations
concerning the lime delay at the Bonnwttt ~ Lock.

Total trsnspor- Annual cost
teflon costs of deteyAtternetive situations

No delay at Bonneville Lock
3 hours delay
6 hours delay

f2 hours delay
24 hourS Clelsy

$8,346.483
8,348.460
8,350,077
8,353,490
8,3S9, 583

$1,977
3, S94
7,007

13, too

'Total annual costs of transporting the total supply of dry peas
from the points of origin to the final destinations assuming a
16 percent rate of interest.

I'ia, 3. Shipping patterns of dry peas lin cert! under ZO percent interevt rate i sensitivity of the transshipment model is indicated by the
numbrrs iit Ihe psrentttesev!,t

Irtterfrtedfate
shipptrtg portsDestinations Origins

Buertaventura
okane

Naples

Colfax
408,080  -co, +1. Seattle

Hamburg

oscow

Yokohama

Portlan

ndrick
Singapor

lgmontLa Guiara

Source: Table 1.

'The trsnsporlation rates were converted into transit days by the formulae
0.26faas ~ 3o

The pOSitive numberS repreSent the upper range. and the negative nuinberS represent the 1OWer range m tranait dayS,
10



Conclusions and Recommendatiorts
For Future Research

1 he inclusion ol transit time considerations in
terms ot a cargo interest cost equivalent resulted
in significant changes in the final least-cos  solution
obtained in the mathematical programming model.
Container-on-barge shipments were allocated 24
percent of inland shipments when transit time was
ignored, but the least cost solution allocated 67 per-
cent of these shipments to that mode when cargo
transit time costs were incorporated into the mathe-
matical programming solution at an assumed 20
percent rate of interest. Shipments via alternative
ports were also radically affected in the solution
when transit time was included.

The procedure for incorporating transit time into
spatial programming models that was reported in
this study is relatively straight forward, However.
further re inernent and study are needed on the
appropriate procedure to incorporate this con-
sideration into prograrntning studies.

A commodity's perishabilitv can be a 1'actor in
modal choice and routing. A temperature-controlled
fresh vegetable shipment has only a short marketable
timespan to reach the consumer before spoilage
begins to occur. Short transit time thus increases in
itnportance for increasingly perishable goods. As
Miklius et al.  ! 976! note, "For a highly perishable
commodity. where costs associated with time in
transit are high, the probability that a particular
mode is chosen is expected to be negatively cor-
related with its own transit time and positively
correlated with the transit time of competing
modes," This factor is no  as critical for semiperish-
able cotnmodities such as dry peas and lentils.

Shippers disagreed over a specific maximum
allowable transit time, with responses ranging from
6 to 9 months to indefinite," Transit time would
be only a small portion of total marketable life for
dry peas. However, where perishability is con-
sidered to be important, the methodology could

bc extended to incorporate ntarkctahle life int« the
transshtpinenf model. A charge aiialogous to a
depreciatioti schedule could hc applied to the shelf
lif'e of the cornrnoditv and then h» entered into the
cost matrix of' the spatial model. 1 his concept w as
not applied  o this study since dry peas are not
susceptible to deterioration as discussed earlier

The procedure adopted in this study also ignored
situations where shippers in the case ot  . 11-' trans-
actions, or buyers in the case ol' FOB transactions.
substitute transit for time in storage. thus reducing
outlays for storage facilitie~. kv idence of this
occurring was reported by Johnson   }976! where he
found that speedier rail service resulted in less
rail demand in the case of grain shipments. Sitnilar
results were found by Miklius ct al. �976! with
regard toapple shipments and Mohring�976! with
regard to lumber shipments. 1 his may suggest a
need to account 1'or this occurrence directly in
determining the costs of shipping.

Another consideration ignored in this study is a
charge to reflect situations where risks of damage
or loss and c<mcornitant insurance charges are
greater if'goods take longer in transit. Faster transit
time tnight lead to lower insurance premiums, but
this proposition cannot be verified or reputed on the
basis of information that the authors of this study
have.

Finally. this study assumes that transit time con-
siderations are not directly incorporated into the
market freight rate structure which is. to say the
least, subject to question, The procedure would be
trfore justifiable if cost of service rates rather than
actual market rates were used in the spatial model.
ln addition, the availability of cost of service data
by mode would allow the interest equivalent of
transit time delays in terms of equipment and crew
costs to be included, Unfortunately, these data were
not available in this case. The reader is reminded
that the results of this study must be interpreted
as being illustrative only of the cost of transit titne
in terms of cargo.
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Append/x
Appendix TabIe 1. I3ertvatlon of cost for transit time for break-bulk truck t$ pvr cwf of dry peas!.

Original
cost of Totati
mOdal Original Ceat plus coat Ot

activity' transit time st interest rale of

Cost of transk time
for $30/cwt product
~ n Interest rate of'

'y ranstt
time In
days

Olstance
In mlles

Actual
time dataRoute

024 .650 .668
026 650 663
.042 1 381 1 4D2

301
326
978

668 .614
.670 676

1 411 1 423

,012 018
013 020
.021 031

1.5, 2
15,2

Moscow to Seattle
Moscow to Portland
Moscow to Oakland

1.5
16
25

3 209 3 229
3 311 3 330

078 3 151 3 190
078 3 252 3 291

2,418
2.500

MOSCOw tO New Orleana
MOSCOw to BaltirnOre

.039 .058

.D39 G59
47
4.8

'Times», = 1 082 00149D; R' � .76, F = 71.0; standard error = .00018
'Cost of transit time = interest rale �' ,365 days * $30 ~ estimated days in transit.
'Cost of transportation, surcharges and port charges included

Spokane to Seattle
Spokane to Portland
Spckane to Oakland
Spokane lo hlew Orleans
Spokane to Baltimore

Colfax to Seattle
Colfax to Portland
Colfax to Oakland

. Colfax to New Orleans
Colfax to Baltimore

Kendrick to Seattle
KenClriok tO POrtland
Kendrick lo Oakland
Kendrick to New Orleans
KendriCk to BaltimOre

Craigmont to Seattle
CraigmOnt tO POrtland
Craigmont to Oakland
Craigmont Io New Orleans
Craigmont to Baltimore

278
348
882

2, 343
2,403

296
345
997

2,401
2.520

349
319
971

2,410
2,492

367
336
988

2.433
2,510

 days!
1, 25
1,25

2 4

1, 1.25, 66, 2
1. 1.25, 1, 2

2,3
4
6

Iestimate}'
15
16
2.4
4.6
4.7

15
1.6
2.6
47
48

16
16
2.5
4.7
4.8

1.6
1.6
2.6
4.7
48

  I O'Vo! i1 5'4i!
012 018
.013 020
020 030
038 057
039 058

.012 .G18

.013 .020

.021 .032

.039 .058
039 .059

013 .020
.013 020
021 .031
,039 .058
.039 059

013 .020
013 .020
,021 032
.039 .058
.039 059

�03ti! f10'!
024 575 567
.026 .575 588
040 1 155 1 175
076 3 000 3.0!2
.078 3 133 3 172

024 .543 555
028 603 615
042 1 405 1 426
.078 3 131 3 170
078 3 277 3 316

.026 .635 .64S
026 635 .64S
.042 1 373 1 394
.078 3. 142 3 181
078 3 242 3 281

. D26 6DG 613

.026 .600 .613
G42 1.393 1 414
G78 3 170 3 209
.07S 3 265 3. 304

�5'! f20'4!
593 .599
595 .601

1 185 1.195
3 057 3 076
3 191 3 211

561 567
623 629

1.437 1 447
3 189 3 209
3 336 3 355

655 661
655 661

1 404 1.415
3 200 3 220
3 301 3 320

620 626
620 626

1 425 1 435
3 228 3 248
3 324 3 343



Appendix Table 2. DerlvatiOn Of Cell lOr tranail time far breali-bulk rail � per cwt of dry peas!.

Original
cost of Totat:
modal Original cost plus cost al

activity' Iranslt lime at interest rate of

Transit
time in
days

Cost of transif time
lor $30/cwt product
an Interest rate of'

Distance Actual
in miles ttmr dataRoute

 days!  estimate! '

310 3,4,3 5,3 38
368 3. 3. 3.5, 3 3.9

1,086 T. B. 6 5 8
2.690 1 0, 8, 16 5, 1D 9 7
2.628 '10, 9, 14 98

1105rrl �5"/o i �0+a I

031 047 062
.032 048 062
.D48 .072 096
.080 120 160
.081 121 162

384 4 33 40
442 4. 3,25 41

1.160 8 60
2,664 8, 7, 9 9,9

9. 9 10 0

049 .066
051 068
072 098
122 162
123 164

412 3. 4,4 40
470 3 4 4 4 2

1,188 7. 8 60
2692 10 6 99
2,730 10 9 10 0

049 066
052 .070
074 098
122 162
123 164

450 4,5 41
508 4. 5 4 3

1.226 11 61
2,730 11, 10 100
2,768 10 1

'Timeout,r, = 296+ 00259 Distance, R' = 73, F - 159 15, s1andard error . 000205
'Coat Of tranait time = interest iate �. 365 " $30 daya in tranail  eatimatedl
'Cost ot transportation, surcharges and port cl arges included

Appendix Table 3. Drrlvstlan Of Cost lor lranalt time tar Canlalner On truCk  $ per Cwt af dry peaa!.

Original
cost ol
modal

acllvlty'

Transit
tlrne in
days

Total:
Original cast plus cost of

transit time at interest rate of

Cost of transit time
lor $30/cwt product
an interest rate ol'

Distance
In mlles

Actual
time dale

�59 ! �0rt i!

018 024
020 .026

I days l  estimate I ! 1 Uxrrl �0'k!

731
. 733

  I Dstr!

719
720

Spokane I o Seattle
Spokane lo Portland

278
348

1. 2 5
1 2.5

1 5
16

012
.013

. 707

.707

Colfax to Seattle
Colfax to Portland

296
345

1 l25,2
1, 125,2

.01 2
013

01S 024
.020 026

15
16

761
. 763

.767

.769
.743
743

755
756

Moscow lo Seattle
Moscow to Portland

301
326

15
15

.758
760

.764
766

018 024
020 026

740
.740

752
.753

15
1.6

012
013

Kendrick lo Seattle
Kendrick to Portland

02D .026
020 026

16
t6

013
013

349
319

781
.781

. 794

. T94
.607
.807

Craigmont to Seattle
C raigrno nt to Port land

16
16

367
336

020 026
020 026

013
013

820
820

826
826

.813
813

'The regression results were not signiiicanr i7 ime»rs = 1 356 r 000788 Distance, R' 0016, F �..01S7; Standard error � 00576! Therefore,
an eStimate Ol tranSit lime waS made by uSing the regreaaiOn equatran derived fOr break-bulk lruCk
'Cost of transit time - interest rate '. 365 ~ 530 ~ days in transit  estirnatedl
'Coal of transportation, surcharges and port charges included
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Spokane to Seallle
Spokane to Portland
Spokane to Oakland
SOOkane IO New OrleanS
Spokane to Baltimore

Colfax to Seattle
Colfax to Portland
Coltax to Oakland
Coltax to New Orleans
Colfax to Baltimore

Mosco~ to Seat'lie
Moscow to Perl land
Moscow to Oakland
Moscow to New Orleans
Moscow to Baltimore

Kendrick to Seattle
Kendrick to Portland
Kendrick to Oakland
Kendrick to New Orleans
Kendrick to Baltimore

Crarqmont to Seattle
Craigmont to Portland
Craigmont 1o Oaktand
Craigmont to New Orleans
Craigmont lo Baltimore

505
563

1.281
2 785
2,623

43
44

8 83
6 102

103

.033

.032

.049

.081
082

.033
035
. 049
081
.082

034
035
050
082
083

035
036
052
084
n65

051
053
075
123
125

053
054
078
126
127

068
070
100
164
166

07D
072
104
168
170

,54

1 43
2 51
315

54
54

1 43
251
315

54
.54

1. 43
2 51
315

,54
.54

1 43
2 51
3 15

54
54

1 43
2 51
3 15

� 0'rrr !

,571
572

1 476
2 590
3 231

573
574

1 479
2 591
3 232

573
.575

1 479
2 591
3 232

574
.575

1 480
2. 592
3 233

575
.576

1 482
2 594
3. 235

j 15'!

587
588

1 502
2 630
3 271

569
591

1 504
2. 632
3 273

589
592

1, 504
2 632
3 273

581
593

1 505
2 633
3 275

. 593

. 594
1 508
2 636
3. 277

�5%!

.725
727

120% !

602
. 602

1 526
2. 670
3 312

.606
6G8

1.528
2. 672
3 314

606
.610

1 528
2.672
3 314

.608

.610
1.530
2 674
3 316

610
612

1 534
2 678
3 320



Appendix Table 4, f3erfvation ol cost of transit time for container on roll  $ per cwt ot dry peas!.

Original
cost of Total:
madel Original cost plus cost ot

activity' lransil time at interest rate of

Cost of transit time
for $30/cwf product
an interest rate of'

Transit
ttme in
days

Distance Actual
in miles time dataRoute

 days I l estimate! '   10%i!  I 5%! �0sv! �0 a! �5 rri! �0 rii!

930 945 960
931 946 962

Spokane to Seattle
Spokane to Portland

03D
031

045
046

Colfax to Seattle
Colfax to Portland

031
.033

047
049

931
933

Moscow to Seattle
Moscow lo Portland

032
033

048
D49

932
933

Kendrick 1 o Seat t le
Kendrick to Portland

.033
034

049
D51

933
.934

Craigmont to Seattle
Craigmont to Portland

952 968
952 970

505
563

034
.035

052
052

.068 900
070 900

934
935

41
42

'Timess» = 2.97 r .00223 Distance, A' = 80, F = 153 74, standard error = 000179
'Cost of transit time � interest rate �'.- 365 ~ $30 x days in transrt  estirnatedl
'Cost of transporlation, surcharges and days in transit included

Appendix Table 5. f3erfvation of cost for container-on-barge with container-on-truck feeder service  $ per cwt of dry peas!.

Contalnar-
oh-tructr Cterteirier-

lnmal leg Ol route wllh Distance lime on-bsrtfe
ulttrasl ~ dsstinatlon ol portland In relies ln days' In days>

Ortatnaf
cost ot
modal

amivtty'

Totak
Cost ot transh time et

interest rate of

Cost of transit
Ilms tor $39 product
~ I Interest rats of'

Total
timer

it yipes!  I 54si �tyri 'i

780 905 830
. 789 811 833

�0%!
25 5. 75 6.00 .049
26 5,17 5 43 .045

 t5str! ��%!
.074 .Dgg .731
.087 .069 .744

Spokane io Lewiston
Spokane'to Pasco

109
132

Colfax to Lewiston
Colfax to Pasca

627 651 .676
811 833 856

48
147

073 098 578
.067 090 .766

.073 098 571

.067 .089 .734

.073 098 . 558

.067 090 810

073 098 571
066 090 837

Moscow to Lewiston
Moscow to Pasco

35
126

Kendnck to Lewiston
Kendrick to Pasco

23
176

Craigmont to Lewiston
CraigmOnt tO PaSCO

48
194

'Eatirnatea are baaed On 50 mph pluS4 hOura laading and unlOading and 3 5-day delay beCauae Of the One sCheduled lOading a week at the
river parts. Since a delay Cauld consequently take fram 0 to 7 days, an average schedule delay would be 3 S days

'Estimates were obtained from a barge company official and includes 4 hours loading and unloading
'Sum of container-on-truck time and container-on-barge time.
'Cast of transit = interest rate �' .365 ~ $30 ~ days in transit  estimatedl.
'Cost ol transportalion, surcharges and port charges included.

15

31D 3,4,35 37
368 3. 3. 3 5 3 S

3S4 4,3 3.8
442 4,3 40

412 3 4.4 39
470 3 4 4 40

450 4 40
508 4 4.1

. 21 5. 75 5.96 .049
29 5 17 5 46 .045

20 5 75 5 95 .049
.26 5.17 5.43 .04S

19 5. 75 5 94 049
.30 5 17 5 47 .045

21 5 75 596 049
33 5 17 5 50 045

060 900
062 900

.062 900

.066 900

064 900
066 900

066 900
068 900

94 962
949 966

948 964
949 966

949 966
951 968

620 644 669
779 . 801 .823

607 531 656
855 Br 7 900

620 644 669
S82 905 927



Appendix Table 6. Derivelion ot coal of transit time tor break-bulk ship with break-bulk truck port interlace  $ per cwt of dry peas!.

Original
cost of Total:
modal Original cost plus cost of

activity' transit lime al Interest rate of

Cost of Iransit time
for $30/cwt product
an interest rate of'

Transit
lime in
days

Dial ance Actual
in miles time dais

I 10'4! �5eil �0"ii! estimate l days!

22. 18
14

56

2'I, 16

57

17 13

59

060 080
060 080
780 1 040

1 050 'I 400
390 520
440 .580

t r
8

82

'Ttma�r, = -S86 v 0079 Distance, O' S9. F - 93 47. standard error � 000814
'Cost of transil time - interesl rate � 365 " $30 days in transit  estimated!
'COSt Ol tranSpartatiOn, Surohargea and pOrt rhargeS inoluded
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Seattle lo Buenaventura
Seattle to La Guiaia
Seattle to Yokohama
Seattle to Singapore
Sealt le ta Hamburg
Seat'lie to Naples

Portland to Suenavenlura
Portland to La Guiara
Portland to Yokohama
Portland to Singapore
Portland to Hamburg
Portfand to Naples

Oakland lo 8uenaventura
Oakland lo La Guiara
Oakland to Yokohama
Oakland lo Singapore
Oakland to Hamburq
Oakland io Naples

New Orleans to Buenaventura
New Orleans to La Guiara
New Orleans to Yokohama
New Orleans to Singapore
blew Orleans to Hamburg
New Orleans to Naples

Baltimore to Buenaventura
BallirnOre tO La Guiara
Baltimore to Yokohama
Baltimore to Singapore
Bahirnore to Hamburg
Baltimore to 'Naples

3,718
4,904
4,254
7,062
9,125
9.3 72

3,561
4,753
4.323
7,142
8.974
9,221

3,386
4,132
4,539
7,356
8,353
6.600

1,785
1,801
9,115

11.936
5,111
5,549

2.296
1,813
9.626

12,449
3,977
4 471

21
30
25
47
63
65

19
29
25
48
62
64

18
24
27
49
57
59

5 5
63
65
32
35

9 5
67
89
23
26

  'I 0 "i!

170
250
210
390
520
.53D

160
240
210
390
510
530

.150
200
220
400
470
480

040
040
520
700
260
290

.070
040
550
730
. 190
210

I I5hv! t20ttr!

260 340
380 500
320 .420
590 780
780 1 040
600 1 060

240 .320
360 480
320 420
590 78D
760 1 020
800 1 060

230 300
300 400
330 440
600 SOQ
r10 940
720 960

.110 .140
060 080
830 1 100

1 100 1 460
290 380
320 420

5 444 5 614 5 704
4. B04 5.054 5 184
2 770 2 980 3 090
5.216 5 606 5 606
5 240 5 760 6 02D
5 053 5 583 5 S53

5 444 5 604 5664
4.804 5 049 5 164
2 770 2 980 3 090
5 216 5606 5 806
5 240 5 750 6 000
5 053 5 583 5 853

5 460 5630 5 710
4 640 5 040 5 140
2 806 3 026 3 136
5 252 5 652 5.852
5 276 5 746 5 986
5.0B9 5 569 5 809

6 816 6 856 6.876
3 665 3 705
4 400 4 920 5 180
6.972 7.672 8.022
3 061 3 321 3 451
4 245 4 535 4 685

6 703 6 773 6 813
3 552 3 592 3 612
4 287 4.S37 5 117
6 823 7 553 7 923
8.065 8 275 8 375
7 731 7 941 6 051

5 784
5 304
3 190
5 996
6.280
6. 113

5.764
5 284
3.190
5 996
6 260
6 113

5 780
5.240
3 246
6 052
6 216
6 049

6.896
3 745
5 44D
8 372
3 581
4.825

6 843
3 632
5 387
6.283
8 465
8 151



Appendis Table 7. Derivation of coal for transit time for break-bulk ship with break-buik rail port intertace � per cwt ot dry peas!.

Original
cost ot Total:
modal Original cost plus cost ot

actlvilty' transit time at interest rate of

Coal of transit lime
tor $30/cwt product
an interest rate op

Transit
time in
days

Di stan ce Actual
in mlles lime dataRoute

t 1 Oriiy i,, 1 s'y, i l' 0'y it days! l e slim ate! ' f10+! I i 54s! l 20'4!

22, 18
14

56

21. 16

57

17, 13
14

59

18
8

82

'Time+pry 886+ 0079 Distance O' = .89: 6 = 9347; standard error = 000814
Cost of transit lime - interest rate �. 365 " $30 " days in transit,'estimated!
'COst Of tranSpcrtatiOn, SurChargeS and pOrt charges included

17

Seattle to Buenaventura
Seattle to La Guiara
Seattle to Yokohama
Seattle to Singapore
Seattle to Hamburg
Seattle to Naples

Portland lo Buenaventura
Portland to La Guiara
Portland to Yokohama
Portland to Singapore
Portland to Hamburq
Portland to Naples

Oakland to Buenaventura
Oakland to La Guiara
Oakland to Yokohama
Oakland to Singapore
Oakland tO Hamburg
Oakland to Naples

New Oileans lO Buenaventura
New Orleans to La Guiara
hlew Orleans to Yokohama
New Orleans to Singapore
New Orleans to Hamburg
New Orleans to Naples

Baltimore to Buenaventura
Baltimore to La Guiara
Baltimore to Yokohama
Baltimore to Singapore
Baltimore to Hamburg
Balt im ore to Na pl es

3,718
4.904
4.254
7, 062
9 125
9.372

3,561
4,753
4,323
7,142
8,9'74
9,221

3,386
4,132
4,539
7,356
8,353
8,600

1,785
1,801
9,115

1 1,938
5.111
5.549

2,296
1.813
9.626

12,449
3.977
4,471

21
30
25
47
63
65

19
29
25
48
62
64

18
24
27
49
5'7
59

5 5
63
85
32
35

9 5
67
89
23
26

170 260 340
250 380 .500
210 ,320 420
390 590 .780
520 7SD 1 040
530 .800 1 060

l 60 240 320
240 360 480
210 320 .420
390 .590 780
510 .760 1 020
.530 .800 1 060

1 50 230 300
20D 300 400
.220 330 440
400 600 .800
470 710 940
480 .720 960

040 .060 080
040 060 080
520 .780 1 040
7DO 1 050 1 400
260 .390 520
290 440 580

070,110 140
040 .060 OSD
550 830 1 100
730 1,100 1 460
190 290 .380
210 .320 420

5 938 6 108
5 296 5 548
3 264 3 474
5 710 6 100
5 734 6 254
5 547 6 077

5 938 6 098
5.298 5 538
3 264 3 474
5.710 6.100
5 734 6 244
5 547 6 077

6 057 6 207
5 417 5 617
3 383 3.603
5 829 6 229
5 853 6 323
5 666 6 146

6 816 6 856
3 665 3 705
4 400 4 920
6 936 7 636
3 061 3 32'
4 245 4 535

6 595 6 665
3 444 3 484
4,179 4 129
6 715 7 445
8 066 8.256
7 623 7 833

6 19S 6 278
5 678 5 798
3 584 3 6S4
6 300 6 490
6 514 6 774
6 347 6 607

6 178 6 258
5 658 5 778
3 584 3 684
6 300 6 490
6 494 6 754
6 347 6 607

6 287 6337
57 7 5817
3 ?13 3 823
6 429 6 629
6 563 6 793
6 386 6 626

6 876 6 896
3 725 3 745
5 180 5 440
' 986 8 336
3 451 3 58'l
4 685 4 82"

6 705 6 735
3 504 3 524
5 009 5 279
7 815 8 175
8 356 8 446
1 943 8 043



Appendls Table ff. Derivation ol cost lor transit time lor container ship with operating port stutllng from break-bulk truck  $ per cwt of
dry peas!.

Original
cost of Total:
modal Driginat cost plus cost of

activffy' transit time at interest ref e of

Transit
time in
days

Cost of transit time
for $30/cwt product
an interest rate op

Distance Actual
ln miles time dataRoute

 days! lestimatei' t10'%%di t15'/,! �0v%%d! t 1 0'%%d! �5r%%d! �0'%%dl

5 752 5 867 5 925 5 962
5 112 5 252 5 322 5 392
3 078 3 210 3 275 3.342
5 524 5 713 5 806 5.902
4 768 5 018 5 133 5 246
4.626 4 864 4 984 5 102

5.933 6 048 6 106 6 163
5 ?95 5 435 5 505 5 57
3 529 3 661 3.726 3 793
5 705 5 694 5.989 6 183
4 969 5 199 5 3t4 5 429
4 607 5 037 5 152 5 267

'Timed�, = 5.015 + .00251 Distance; R' = 66. 6 � 60.08; standard error � 000324.
'Cost ot transit time = interest rate � . '365 ' days in transit  estimated!
'Cost of transportation, surcharges and port charges included

Appendis Table 9. Derfvtstlon ol cost for transit tlnie for container ship with operating port stuffing from break-bulk rail  8 per cwt of dry
yeas!.

Original
cost of Total:
modal Original cool pius cost of

aclivity' transit lkne at interest rate of

Cost of transit time
for $30/cwt product
an interest rate ol'

Transit
time in
days

Distance Actual
in miles time dataRoute

 days!  estimate l

'Time a,�, = 5.0 5 00251 Distance. R � 66, F = 6008, standard error .000324
Cost Of trana~t time = interest rate � '. 365 - $30 ~ days in traneit  eSttmated!
'COSi of tranSpcrtalidn, SurCnarges and port chargeS inCluded

Seattle to Buenaventura
Seattle lo La Guiara
Seartle to Yokohama
Seattle to Singapore
Seattle to Hamburg
Seattle to Naples

Portland to Buenaventura
Portland to La G uiara
Portland to Yokohama
Ponland to Singapore
Portland to Hainburg
Portland to Naples

Seattle to Buenaventura
Seattle to La Guiara
Seattle to Yokohama
Seattle to Singapore
Seattle to Hamburg
Seat t le la N spies

Portland to Buenaventura
Portland to La Guiara
POrtland tO YOkOhama
Portland to Singapore
Portland to Hamburg
Portland to Naples

3,718
4,904 17
4,254 18, 1'l. 19, 11
7,062 28, 23. 21
9,125 27, 28
9,372

3, 561
4,753 22
4,323 13. 13, 15. 9
7,142 29, 25. 21
6.974 26, 27
9,221

3.718
4,904 17
4,254 18. 11. 19. 11
7,062 28, 23, 21
9.125 27. 28
9,372

3 561
4 753 22
4,323 13. 13. 15 9
7.142 29, 25, 21
8,974 26. 27
9.221

14
17
16
23
28
29

14
17
16
23
26
28

14
17
16
23
28
29

14
17
16
23
28
28

.1 1 5 173 23t!
140 210 280
132 197 264
189 284 378

.230 345 460

.238 356 .476

115 173 230
�0 210 280
132 197 264
189 .264 378
230 345 460
230 .345 460

I 10'%%d! l15vio! �0slii!

115 173 230
140 210 .280
132 197 264
189 264 3 78
230 345 460
236 358 476

115 173 230
140 210 260
132 197 .264
189 264 378
230 345 .460
230 345 460

�0%I

6 246 6.361
5 606 5.746
3 572 3 704
6 018 6.207
5 282 5 512
5 120 5 356

6 427 6 542
5 767 5 927
3 753 3 685
6.199 6 368
5.463 5 693
5.301 5 531

� 5% ! �0 %%d!

6.419 6.476
5 816 5.886
3 769 3.836
6.302 6 396
5.627 5 742
5 478 5.596

6 590 6.657
5 997 6.067
3 950 4.017
6 483 6.577
5.806 5 923
5.646 5.761



Appendfs Table 10. Dertvation of cost for lranslt time for container ship with prlvale terminal stuffing from break-bulk roll or truck  8 per
cwt of dry peas!,

Original
cost of Total;
modal Original cost plus cost of

activity' transit time at Interesl rale of

Cost of transit time
for $30/cwt product
an Interest rate op

Transit
Distance Actual thne in
In mlles time dale days

 days!  estimate!' �0vrr! �5% ! �0rrrr! l15'oI  I Drrrrl i 20'cr

115 1 73 230
.140 .210 280
132 .197 264
.189 284 378
230 .345 460
.238 358 .476

115 173 .230
.140,210 280
.132 .197 .264
.189 .284 378
230 .345 460
230 .345 460

.115 173 230

. 'I 23 185 246

. t 32 .197 264
189 .284 378
214 321 428
.222 .333 .444

.074 .111 .148

.082 .123 .164

.230 345 460

.288 .432 .576

.148 .222 .296

.156 .234 .312

.090 .136 180

.082 123 184

.238 .358 476
296 444 .592
.123 185 .246
.132 197 .264

iTrme4», = 5.015 + .00251 Distance; R' =,66; F � 60,08; standard error = 000324.
'Cost of transit time � interest rate �' ,365 $30 v days in transit  estimated!
'Cost of transportation, surcharges and port charges included.

Appendix Tabte 11. Oeftvatton of cost for transit lime lor container ship with container-on-barge, truck or rail ss inland mode f$ per cwl
of dry pass!,

D rlginat
cost ol Total.
modal Original cost ptus coal ot

activity' transit Ume el interest rate of

Cost ol transit brne
for $30/cwt product
sri interest rate ofi

Transtt
time ln
days

Distance Actual
in mlles time dataRoute

i 2ru'4V:

v4
�5+I 10'rr, Ildays!

474.115 173 230
.140,210 280
.132 .197 . 264
.189 . 284 378
230 . 345 .460
.230 345 . 460

'Time 4,�, = 5.015 s .00251 DiatanCe: R' � .66; F -" 60.DB: standard errOr = 000324.
~oat of transit time = interest rate � '. 365 s $30 v days in transit {estimated!.
Wast of transportation, surcharges and port charges included.

Seattle to Buenaventura
Seattle to La Guiara
Seattle to Yokohama
Seattle to Singapore
Sealtle to Hamburg
Seattle tO Naples

Portland to Buenaventura
Portland to I a Guiara
Portland to Yokohama
portland to Singapore
Portland to Hamburg
Portland to Naples

Oaktarid to Buenaventura
Oakland tO La Guiara
Oakland to Yokohama
Oakland to Singapore
Oakland to Hamburg
Oakland to Naples

New Orleans to Buenaventura
New Orleans to La Guiara
New Orleans to YokOhama
New Orleans to Singapore
NeW OrleanS ta Hamburg
New Orleans to Naples

Baltimore to Buenavenfura
Baltimore to La Guiara
Baltimore to Yokohama
Baltimore to Singapore
Baltimore to Hamburg
Battrmore to Naples

Seattle to Buenaventura
Sealtle to La Guiara
Seattle to Yokohama
Seattle to Singapore
Seattle to Hamburg
Sealtle to Naples

Portland to Buenaventura
Portfand to La Guiara
Portland to Yokohama
Portland to Singapore
Portland to Hamburg
Portland to Naples

3,718
4,904 17
4.254 18, 11. 19, 11
7.062 28, 23. 21
9,125 27. 28
9.372

3.561
4.753 22
4.323 13. 13, 15, 9
7.142 29. 25, 21
8,974 26, 27
9,221

3.386
4,132 14
4,539 20, 12, 14
7,356 31, 28
8,353 24, 25
8.600

1,785
1,801
9.1 15

11,938
5,111 16
5,549 22

2,296 18
1,813 8
9,626 23

12,449
3,977
4,471

3,718
4,904 17
4,254 18, 11, 19, 11
7,062 28, 23, 21
9,125 27, 28
9,372

3,561
4,753 22
4,323 13, 13, 15, 9
7,142 29, 25, 21
8,974 26, 27
9,221

14
17
16
23
28
29

14
17
16
23
28
28

14
15
16
23
26
27

9
10
28
35
18
'l9

11
10
29
36
15
16

 estimate! '

14
17
16
23
28
29

14
17
16
23
28
28

  1 Grkr!

.115

.140

.132

.189
230
.238

�556! �ty's'

.173 .239

.210 280

.197 264

.284 .378

.345 460
358 476

5. 724
5 084
3 050
5 496
4. 760
4 598

5.694
5 054
3.020
5 466
4 730
4.563

5 555
4 9'l5
2 881
5 327
4 591
4 429

5 180
5 189
4 542
7.~46
3 271
4.455

5 010
5,01g
4 372
6.976
7 635
6 704

5 444
4 804
2. 770
5. 216
4 48D
4 318

5 444
4 804
2. 770
5 216
4 480
4.318

5.839
5.224
3 182
5 685
4 990
4 836

5 809
5 194
3. 'i 52
5 655
4 960
4.793

5 670
5 D38
3 013
5.516
4 805
4 651

5 254
5 271
4 772
7 434
3 419
4 6'll

5 100
5.101
4 610
7 272
7.758
8 636

5 559
4 944
2 902
5 405
4 710
4 556

5.559
4 944
2 902
5 405
4 710
4.540

5 897
5 294
3 247
rg 780
5 105
4.956

5 ti67
5 264
3 217
5 i50
5 075
4 908

5 ?28
5 100
3 078
5 611
4 912
4 782

5 291
5 312
4 887
7 578
3 493
4 689

5 146
5 142
4 730
7 420
7 820
8 901

.=. 6' '

2 96;
5 500
4 625
4 676

5 ol i
5 014
2 967
5 500
4 825
4 663

5 954
5 364
3 314
5 874
5. 220
5 974

5 924
5 334
3.284
5,844
5 190
5 023

5 785
5 161
3 145
5.705
5 0'9
4 873

5 328
5 353
5 302
7 !22
3 587
4 767

5 190
5 203
4 648
7 568
7 881
8 968

5. 084
34
34

4 940
4 794

5 084
3 034
5 594
4 940
4 78



~»atrte t 2 Oartaagert Of COSI fer tranell tfrrte ter raktf-trrfdge  PaCIIIC fsortflwaet tO Eurepe 'rla EaatOr Gul'I COast port! � percWt
Qf stry stowe!

Observations glmple average

145 10 75 12
145. 30. 18

Total:
Orf8 tine  cost plus osst of

transit time et Interest rate of

  'I M I I 1 5'!   RHb! �0'/ii! �5%! �P%!

'COst Of transit time - interact rate 385 ' $30 deya in transit  ealimafad!
'InCludee COntainer On-truCk rate IO Seattle/pdrttend and mini-trridge rale fram Seattle/Pprtland tO Europe

Pt4W to East or Gulf Ccraat
East or Gulf Geest ta Europe

Totet

Seattle/Portland td Hamburg
Seattle/Pdrllarvd tO fesplae

25
25

Cost ol trartett tfme
Ior ggg/cwt producl
~ t Interval rale of'

Orig tnal
coat of
mode 

acg vltt/r

4.302

4 044

4 552

4.294

10.3 days
20 2 days
30 5 days

4 gg2 4.802

4 424 4 584




