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A Spatial Programming Model — Transit Time:
Simulation Study of Dry Pea Export Shipments
From the Pacific Northwest

Gary L. Beicher, James R. Jones and Karl H. Lindeborg

Spatial mathematical programming models have
been used in several studies dealing withiransporta-
tion issues.! Their usefulness lics 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 moving 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-
modities.

In 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.

1The varieties of these models that are applicable here include
transportation and transshipment linear programming models
and quadratic and reactive programming spatial equilibrizm
models. While the actual model employed is a transshipment
model, the sam¢ procedure developed in this study can be
applied 10 other mathematical programming models in like
fashion.

20f 11 shippers responding to a preliminary survey conducted

on whether transportiation cost or service quality is most im-
portant, six cited cost, two cited service quality, and two
assigned them egual importance. The other shipper who re-
sponded 1o the survey indicated he would “pay more for
reliable, good service if the cost difference is not oo great,
(although) the most expensive (service} is not always the best
service either.”

Study Objectives

This study developed a procedure for analyzing
the cargo cost of transit time in spatial program-
ming models. The procedure was applied to a model
previously reported by Belcher et al. (1979) which
jooked at freight rates only for dry pea export ship-
ments from the Pacific Northwest (PNW). Specific
objectives were to:

. Evaluate cost differentials 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 model of dry pea export
shipments from the PNW.

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

3. Demonstrate the ¢ffects of time delays at Bonne-
vilie lock on the Columbia River upon least-cost
shipping solutions.

Detinition of Transit Time

Total transit time includes loading at the pro-
cessing plant, movement to the river terminal,
unfoading and barge loading at the river terminal,
movement to the ocean port, Intraport Movement,
ship loading and ocean movement to the foreign
port destination. It also includes storage time
associated with availability of transportation ser-
vice. Rail or direct truck shipments ta 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 imporiantly, 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 ttle 1o the
commodity. A time interval exists between payment
to the producer upon purchase and payment from



the consignee upon delivery. A relatively fixed por-
tion of this time interval involves processing. handl-
ing. packaging and warchousing operations. The
remaining portion of the time interval — n-transit
time - - is variable depending upen modal choice,
The shipper has money tied up in the goods, and
until he obtains payment, the shipper must bear an
interest charge 1o finance the shipment.

Previous Work Incorporating Transit Time

Most transpoertation economists have approached
the transit time cost problem similarly. Meyer
{1959) stated that “a dollar value may be assigned
10 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 time 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 wetght unit of the
commedity.” (Obsolesconce would mean perish-
ability or detenoration.)

In a more recent work, Roberts (1971) stated thal
“the opportunity costs of the goods while traveling
is merely the interest on the mency tied up during
travel time. The money involved could have been
invested at the prevailing interest rates during this
time to produce an income.” Roberts omitted risk
and deterioration from the opportunity cost analysis,

Goss (1977} developed a succinet statement of
the problem:

“Goads in transit are hnanced, eaplicitly or
implicitly, by working capital. With explicit finance
charges payable and the grester the transit time,
the greater will be the interest charge. With implicit
finance, either the importer or the exporter will be
using his own money, and there wall be, except in
terms of an opportunily cost. no identifiable in-
terest charge. But either way capital is heing em-
ployed. and it has an opporiunity cost. Regardless,
therefore, of the exphiat or implicit form, cxtent
and terms (for example, as repatds the interest rate)
of this finance. the social opportunity vost of capital
is again the relevant measure.”

In a similar study, Mohring (1976) found that
“most shippers would likely preter faster to slower
transit time. At the very least. laster deliveries
reduce the interest costs to holding inventories.”
This is an alternative manner for perceiving the
transit time cost problem (i... the cargo s essentially
unpaid-for inventory which remains so even while
in transit). These costs end at the geographic point
of title exchange.}

The point of exchanpe depends on the terms of sale (e.p.,
£.0.8. CLF.. ee.) which determmes the time span that the
shipper must beas the interest cosis. Onan F.O.B.-ocein port
term of sale — atypical term of sale far the pulse shipper - the
title exchange and pavments occurs at the LS. ocean port.
Apother cammon term of sale is C.1F. Fhis means to delay
titie exchange and payment until the shipment asrives at the
foreign part destiration. In our study. the C 1LF. term 15 used.

-1

Other work on transit time has focused on:

[. The economic cost of human transit time.

2. The cost of delav to the mode rather than the
carge.

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

4. The conditions for demand for slower transit
times,

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

Aithough the data base and application for the
economic cost of human transit time are quite
removed from this study. the methodology is similar.
To measure the gain or loss 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. For example,
Goss and Mann (1977) analyzed the cost of time
delay to ocean vessels (port changes, foregone
cargoes, eic.) and concluded, “the total cost of
delaving 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 of many measures of transportation service
quality. Johnson (1976) estimated the influence of
transportation service quality upon transpertation
demand for grain shipments. Transit time, in terms
of railroad speed, was one of 10 factors considered.
Miklius., Casavant and Garrod (1976) estimated
demand for agricultural transportation for cherry
and apple shipments. Variables used in the cherry
model were rail and truck freight charges, transit
times [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.”

Four problems encountered in estimating the
impact of transit time on modal choice are the
variances experienced in actual transit times among
modes, “slow-steaming,” scheduling and instances
where the mode of transportation may be viewed as
a storage facility. Variances in transit time can be
significant.

Daughety and Inaba {1976) noted that “variance
in scheduled transit time increases the risk of incur-
ring penalties due to late arrival of goods and future
loss of customers.” Information about variability
was pathered from a shipper survey {in terms of
estimating minimum, average, maximum and
variance of time in transit). Complete data were
nat {forthcoming, so use of this data was restricted
1o average (ime in tramsit.

Miklius, Casavant and Garrod {1976) observed
that there may be a difference between actual
variabitity of transit time and the variability per-



ceived by shippers. A related problem 15 one of
*interlining - where a shipment is handled by more
than one carrier between the origin and destination™
(Piercy and Ballou 1978).

Y ou 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. Fuel consumption is less at slower
speeds. especially with diesel engines. This presents
a problem for a transit time study because con-
{licting motives exist for lessening transit times,
Also tf the shipper views the mode as substitute
storage, slow transit may be preferred to rapid
transit. Both the study by Johnson and by 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,
Hoffman and Parlett 1976; Mongelhi and Lederer
1975; and Nichelas and Breakiron 1974). Fransit
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 occan vessel scheduling at
the U.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 10 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-
murrage penalties are assessed. In another study,
surveyed shippers cited that lack of regularly scheduled
rail service was more displeasing than relatively
slow transit times {Hutchinson et al. 1976).

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

of shipment destination. Qther U.S. ports of call
and intermediate Toreign ports of call may be en-
countered. For example, shippers on the Great
Lakes report it takes an additional week to ship
from Chicago o Rotterdam because the vessel has
to stop al too many ports on the way 1o pet enough
cargo (Journal of Commerce 1979).

It might be argued that transit time is aiready
accounted for in the transportation rate (i.c., that
faster 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 for the
increase in the motive power required. However,
although transit time may be implicitly accounted
for in the freight rate, transit time is not implcitly
accounted for in cargo that is this study’s obiective.

Inland transit ime can ajso be a substantialjactar
in the selection of ports. The geography of the 1.5,
tends to favor Cahfornia ports for carpoes to and
from the East Coast and the central and southern
Midwest areas, while the northern Mhdwest areas
favor the PNW. Palouse area shippers cite little
difference in inland transit time by the same mode
to regional ports such as Scattle or Portland.

Study Assumptions

1. The study assumes that faster transit is preferable
to slower transit. Pulse shipments are assumed
to be destined {or 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 aliow 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 destinations.

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 Equivalent
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:

(1) Minimize DPTC =
5 1} 5
z X, T ..T.v1
izl ;‘?l k§I [ ﬁ""] [[R * (365 T v}]u‘]

where:

DPTC = transportation cost of dry peas
i = origin area index

destination area index

mode index

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

f
i

(2)(:=[R-r(3%§)vT‘-V}d=lhelmnspoﬂaﬁon
cost (per cwi), including cost of transit time,
from origin 7 to destination by mode &

where;

R = freight rate
= inerest rate

r/365 = daily interest rate
T = transit time in days
V = value of per cwt shipment

This term is denoted as € in traditional transship-

ment models,

subject to:

s 11

3 Z =z
PR | t=

xul < Sr

xr.r-\ - Dr

(s) xml - 0
(6} £S,=2D,

where:
8, = supply of dry peas at origin §
D, = demand for dry peas at destination j

Transit time is included in the transshipment
model in the cost term defined in equation 2. Transit
time is considered in the model as a cost component
of shipping and is expressed in terms of an interest
charpe lor the commodity during the time it is in
transit.

The potential elfects of transit time interest

charges canbe demonstrated with asimple example.
Suppose that a rail shipment taking 4 davs at

60 cents per cwt transportation rate and a truck
shipment taking I day at B0 cents per cwt rate are
moving to the same destination, If interest costs on
the value of the cargo were 10 cents per cwt perday,
the effective cost of transportation becomes §$1.00
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 transit time,

Data Requirements

Transit time data were gathered from ocean
steamship conferences and lines, railroads, truck
companies and shippers. A mail questionnaire was
used to record the answers concerning transit time
observations for specific modes over the various
routes included in the model.

Lack of complete sets of transit time observations
led to the necessity of estimating missing observa-
tions. A linear regression of time against distance
[T =1f(I»] was developed for each 1ype of mode. The
transit titme was the dependent variabie and distance
the independent variable. The actual data from the
questionpaire and the estimated data are tabulated
in Appendix Tables [ to 12. The tables show the
costs of transit time with varying interest rates
that are then added to the original costs of the
madel activities. The estimates of transit time ob-
tained from the linear regression were used in
subsequent analysis even where actual data were
available. In this way, the estimated transit times for
various routes were presumably more mutually con-
sistent because these estimates abstract from random
variation and other factors such as visits t¢ un-
known ports of call before final destination and
other scheduling variables not accounted for.

Empirical Examples of Use of Transit Time

Parametric Variation of interest Rate — As indi-
cated in Appendix Tables | to 12, rate data from a
previous study {Belcher et al. 1979, 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 by the time the cargo was in transit, was
added to the transportation rate. Interest rates were
set at 10, 15 and 20 percent. The augmented trans-
portation rates were incorporated into a irans-
shipment linear programming model { Beicher 1978}.
The model minimizes transportation costs and
concurrently selects least-cost modes and routes,

Four simulations were developed for the para-
raetric variation of interest rates. The first simulation
represenils a zero percent interest rate. Simulation
runs 2. X and 4 represent interest rates of 10, 15 and



20 percent respectively. The zero peccent simulation
is conceptually equivalent to omitting transit time
cast and is used as a base to analvse the impact of
including transit time as a cost component on the
model solution.

Parametric Variation of Bonneville Time Delay -
A specific transportation delay problem concerning
the Bonneville Lock on the Columbia River was
analyzed using the transshipment model incorpor-
ating transit time costs. The Bonneville Lock is
smaller in size than the newer locks further upriver:
consequentty, multibarge tows must be broken up
and barges towed individually through the lock.
The problem is in the time delay the single tows
cause. Costs are incurred by the barge company for
the additional fuel and labor required and (or the
cargo’s owner in terms of interest costs on in-1ransit
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
by the increase in transit time, and the adapted
transshipment model can be used to ascertain the
impact ol these costs.

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

To estimate the impact of delay at the Bonneville
Lock on cargo costs, the time element of the transit
time cost equation (r3 365 x1 = v;cwt) was increased
by 3. 6, 12 and 24 hours to represent delays of those
amounts, The delays were applied only tothe 15 per-
cent interest rate model.

Interpretation of Results

Transit Time Consideration - [l results of the
four simulations from varving the interest rates are
given in Table 1. A distinct effect of including transit
time in the modef solutionemerged from Table |, As
interest rates increase, containerized modes increase
their share of dey pea movements while break-bulk
movements decrease. This result 1s expected since
one of the main advantages of contamerization s a
unitized cargo which does not need to he rehandled
or repacked beyond the original container stuffing,
Individual bags are restowed at cach modal imer-
face for the break-bulk modes. Consequently,
containerization of cargo generally saves time over
break-bulk movemcent. This result supgests that
omission of transit time in programming modcls
tend to understate the advantage of containerized
shipments as opposed to break-bulk shipments.

The transit time observations tor breuk-bulk
ship were generally much longer than for container
ship. The greater uime results from at least two
Tedsons:

. Break-bulk vessels may have more ports of call.
2. The additional handling causes breah-huik ships
to spend more time in port than container vessels,

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”
(Whittaker 1975). The additional costs because of
transit time considerations for the break-bulk modcs
caused those modcs to decrease thew share of cargo
relative to container modes. The transit time obser-
vations for break-bulk ship runged from 8 to 82 davs
depending on the route compared to a 8- to 31-day
range in container ship transit time observations
{Appendix Tables 7 and 10).

Table 1. Reavlis of impact of cost of transit fime lor dry pess at 0, 10, 15 and 20 percent interast rates’ (Leasl-cost solution of iransship-

mant linsar programming mode).

Routs Mode

Quantity transported {cwt) under the four alternative solutions

Spokane 10 Seattle
Moscow to Seattle
Coifax to Seattle
Coftax to Seattle
Colfax to Portland
Moscow to Portland
Kendrick to Portlang
Craigmont te Portland

comainer ¢n truck (COT}
coniginer on truck {COT}
break-bulk truck {BBT)

container on truck (COT)
container on barge (COB)
container on barge (COB}
container on barge (COB}
container on barge (COB}

braak-bulk ship (BBS)
break-bulk ship (BBS)
break-bulk ship (BBS)
break -buik ship (BBS)
mini-bridge {MB)

mini-bridge {(MB)

container ship {(COS5)
container ship (COS)
container ship {COS}

Seattla to Buenaventura
Seattle to La Guiara
Seattie to Yokohama
Seattla 1o Singapore
Seattle to Hamburg
Seattls to Naples
Portiand to La Guiara
Portland to Yokohama
Portland 1o Singapore

Totat shipments via Seattie
Total shipments via Portland

{0%) {10%) (t5%) (20%)
348,170 348.170 348,170 348,170
206,900 o 0 0
704,958 94,670 94.670 0

) 206,900 206,900 206,900
0 403,388 403,388 438,058
172,879 379779 379.779 379,779

26,056 26,056 26,056 26,056
201,947 201,847 201.947 201,947

84,670 84,670 94.670 94,670

96,248 0 0 0
470,180 0 o 0

43,860 0 0 0
408,080 408,080 408,080 408,080
146,990 145,980 146,990 146,990
400,882 497,130 497,130 497,130

o 470,180 470,180 470180

o 43,860 43,860 43,860
1,260,028 649,740 649.740 555,070
400.882 1.011,170 1011170 1,105,840

'Original transportation costs plus cost of transit time at difforent interest rates are shown in Appendix Tables 110 12.



With only the freight rate considered 1n the base
modect. break-bulk modes are competitive with con-
tainer modes over certain routes {particularly those
distant from river transportation yet with more than
one ocean port cqually accessibie). However, the
cost of transit time, in addition to {reight rates,
causes break-bulk modes to drop out of the solution
as the transit tirne costs increase,

In the base modei (0 percent) in Table 1, break-
bulk truck is the least-cost transportation mode
from the major supply point - Colfax - which is
also the only user of the break-bulk mode. As cargo
transit time costs are incorporated into the model,
Colfax is served less by break-bulk truck (from
100 percent of the ornigin’s supply down 1o 13 percent
and eventually 1o O percent when the highest Jevels
of transit time costs are considered} in the least-cost
solution and more by contamer modes, which rise
from 0 to 87 percent and then to 100 percent of the
origin's supply.

An unexpected result emerged from the model
results. Despite the fact that nland transit time
for container on barge is longer than truck or rail,
container on barge increases significantly in the
overall solution as the cost of transit time increases,
from 24 percent in the base model 10 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 of the total.

Since the transshipment model cxamines each
route and all of the route’s possible modal combina-
tions which transport the cargo at least cost from
origin to foreign destination. 6 is possible to have
a relatively slow inland mode combined with 4
relatively tast acean mode (¢ g.. container on barge
and containgr ship) that would have a shorter com-
bined transit time than a relatively fast inland
mode combined with a slow oceanmode{c.g.. break-
bulk truck amd break-bulk ship). Container on
barge. however, is not faster than container on
truck which conceivably could combine with con-
tainer ship and be faster than the container on
barge - container ship combination. Therelore, a
second reason that comainer on barge {including
its inival truck compoenent} comes to dominate 1y
that it has a rate advantage aver competing modes.

The additional cost because of transit time is not
large enough (caused by the low value of the dry
pea cargo) 10 decreasc that advantage. Additionally,
corntainer on truck or rail face difterent 1ypes of port
charges than container on barge that gives container
on barge a further advantage. Thus. container on
barge maintained its advantage over containerized
truck movement.

Sensitivity Analysis  The standard. linear pro-
gramming, sensitivity analvsis presents a range
in the transportation rate in which the solution

holds. By dividing the cost per day of transit time
(r 3 365 = $30) into the amount of the range of a
particular rate, a range in terms of days in transit
is obtained. Such information measures how sen-
sitive the solution is to transit time. The information
could also be useful in an unalysis of scheduling
or delays. For example, the activity of Spokane
to Seattie by container truck was in the 10 percent
interest rate model solution. The transportation
rate is $0.719 and could rise to $0.755 at which point
this activity drops out of the solution. The difference
in range is $0.036. By dividing the range by the cost
ol transit time per day at 10 pereent interest {$0.008).
the number of days that could have been used
additionallv before the activity drops out of the
solution is 4.4, This calculation i1s pertormed at the
10, 15 and 20 percent interest levels for cach alter-
native situation in Table 1.

Fig. 1 shows the shipping pattern of dry peas
under an interest rate of zero, that is, with no transit
time considered in the model. Fig. 2 considers the
sensitivity of transit time under 10 and 15 percent
interest rates. The numbers in parentheses indicate
the range in transportation rates converted into
transit days. For example, the activity of Spokane
ta Seattle by container truck can increase 4.4 days
of transit ime before the solution changes. On the
other hand, the transit time can decrease to infinity
betore the solution changes. In reality, this means
that the activity will remain in the solution repard-
Iess ol how low the rates become,

Note that from the points of origin to the two
mtermediate shipping ports, the transshipment
model is quile sensitive 1o transportation rate {transit
time) changes. From the intermediate ports to the
destinations in Europe, the transit ume 15 mach
mare stable with respect to changes in the model.
When transit time bccomes more expensive, as
depicted by the 20 percent interest rate scenario,
the model becomes very sensitive to changes in
transit time both in shipping from the points of
origin to the intermediate ports and to final destina-
tions. This is shown in Fig. 3. H transit time becomes
more expensive than in the last situation, the ship-
ping patterns would be altered considerably with
respect 1o route and mode.

Table 2. Lenst cost solutions of the four simulations concerning
tranai time costs.

Total trahspor-  Cost increase
Atermative shuations® tetion costs?  from tuase Model
Base madal {0%) $7. 795375
10% interpst (transit time) 8.168,064 47%
15% interest (transit time) 8.3456 438 T.1%
20% interest {transit time} B.527 478 8.4%,

*The cosls of transit time are computed from the formulae: inter-
o3t rate/385 = transit time in days » value/cwt (Appendix Tables
Tio 12).

TTotal costs of transporting the 1otal supply of dry peas brom the
points of origins to the final destinations.



Fig. 1. Shipping patterns of dry peas {in cwt) under 0 percent interest rate,

Intermediate
Destinations shipping ports Origins

Buenaventura Spokane

e Coifax
BBS 470,180
Yokohamas Seattle
as 43 Moscow
Singapore
CcQOB 26,056 .
Portland 4— Kendrick
Hamburg
€08 2
1.947
Craigmont
La Guiara

Source; Table 1.

Fig. 2. Shipping patferns of dry peas{in cwt}under 10 and 15 percent interest rates (sensitivity of the transshipment model isindicated
by the numbers in the parentheses).?

intermediate
Destinations shipping ports Origins

Buenaventur
kcﬁ.hi\--slﬁ‘l Spokane

BBT 94,670 (-0.7.+1.9)
COT 206,900 (-3.4, 0.5) Colfax

Seame‘

r

Moscow

Portiand
Kendrick

Craigmont

La Guiara

Source: Table 1.
"The transportation rates were converted into transit days by the lormulae:

transportation rate
0.10/365 =« 30

The positive numbers represent the upper range, and the negative numbers represent the lower range in transit days.
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Table 2 depicts the additional costs of shipping
the total supply of dry peas trom 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.

Bonneville Lock Time Delay —- The results of time
delay at the Bonneville Lock were simulated to
analyze how the cargo cost equivalent of these
delays affects the least-cost solution for dry pea
export shipments from the PNW, The added cost of
defay was computed by adding 3, 6, 12and 24 hours
of delay to the mode of transit passing through
Bonneville Lock and caiculating the new cost of
transit time for that mode at an assumed 15 percent
rate of interest. The solution of the basic model
(given under 0 percent in Table 1) changed with 3
hours delay calculated at 15 percent, and then the
new solution stayed constant for all the alternative
situations (6, 12 and 24 hours of delays) analyzed.
The sensitivity of the alternative situations was very
similar to ones given i Figs. 2 and 3 under the
parametric variation ol interest rates used as a
measure of transit time.

Table 3 shows the increase in total costs associated
with the alternative delayvs. The total costs of trans-
porting in terms of cargo transit time costs increase
by $13,100 or less than .2 percent when average
delays of 24 hours occur. This aspect of delays
appears to be relatively small. but it is important
to remember that this procedure ignores the transit
time cost equivaient of mode and crew costs.

Table 3. Least-cosl solutions of the fiva aHernative situations
concerning the {ime deisy at the Bonnaville Lock.

Total transpor-  Annual cost
Alternaiive situations lation costs” ol delay
No delay at Borneville Lock  $8,346,483
3 houts delay 8,348.4560 $1.977
6 hours delay 8,350,077 3594
12 hours delay 8,353,490 T.007
24 hours delay 8,359,583 13,100

'"Tolal annual cosis af transporting the total supply of dry peas
from the points of origin to the final destinations assuming a
15 percent rate of interest.

Fig. 3. Shipping patterns of dry peas(in ewt) under 20 percent inferest rate ¢{sensitivity of the transshipment model is indicated by the

numbers in the parentheses).!

Intermediate

Destinations

shipping ports

Origins

Buenaventuray 8g

Napies

Hamburge

YokohamaeC0S 470,180 @, +2.1)
Porttand

cos 43860 L2 ﬂ::
+0.
Singapore 45

La Guisra

Source, Table 7.

'The trensporiation rates were converted into transit cays by the formuyiae:

Seattle

409 Spokane

Colfax

Moscow

Kendrick

Craigmont

fransportation rate
0.20/365 = 30

The positive numbers represent the upper range, and the negative numbers represent the iower range in transit days.



Conclusions and Recommendations
For Future Research

The inclusion of transit time considerations in
terms of a cargo interest cost equivalent resulted
in significant changes in the final least-cost 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 refinement and study are needed on the
appropriate procedure to incorporate this con-
sideration into programming studies.

A commodity’s perishability can be a factor in
meodal choice and routing. A temperature-controlied
fresh vegetable shipment has only a short marketable
timespan to reach the consumer before spoilage
begins to occur. Short transit time thus increases in
importance for increasingly perishable goods. As
Miklius et al. (1976) note, “For a highly perishable
commodity, where costs associated with time in
transit are high, the probability that a particular
mode is chosen 15 expected to be negatively cor-
related with its own transit time and positively
correlated with the transit time of competing
modes.” This factor is not as critical for semiperish-
able commodities 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 Iife for
dry peas. However, where perishability is con-
sidered to be important, the methodology could
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be extended to incorporate marketable life into the
transshipment model. A charge anzlogous to a
depreciation schedule could be appiied to the shelf
life of the commodity and then be entered into the
cost matrix of the spatial model. This concept was
not applicd to this study since dry peas are not
susceptible to detertoration as discussed earlier.

The procedure adopted in this study also ignored
situations where shippers in the case of C1F irans-
actions, or buyers in the case of FOB transactions,
substitute transit tor time in storage. thus reducing
outlays for storage facilities. Evidence of this
occurring was reported by Johnson (1976} where he
found that speedier rail service resulted in less
rail demand in the case of grain shipments. Similar
results were found by Mikiius et al. (1976} with
regard to apple shipments and Mohring (1976) with
regard to lumber shipments. This may sugpest a
need to account for 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 concomitant insurance charges are
greater if goods take longer in transit. Faster transit
time might 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 wouid be
maore justifiable if cost of service rates rather than
actual market rates were used in the spatial model.
In 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 time
in terms of cargo,



References

Belcher, Gary. 1978, Inland waterway: ocean moyement
of Pacific Northwest dried pea and lentil exports.
Unpubl, Univ. of idaho M.S. thesis.

Belcher, Gary. James R. Jones and Karl H. Lindeborg.
1979. Pacilic Northwest dry pea and lentil waterborne
shipments: Alternatives and polential. Univ. of [daho
Res. Buli. [08, Moscow.

Boyes. Jane R. C. 1976, Chicago - Whose kind of 1own?
Comainerization Imernational. pp. 25-37,

Daughety. A. F, and F. S. Inabu. 1976 Modeling ol
service-differcntiated demand for freight transporta-
tion: Theory, regulatory pelicy analysis, demand
estimation, Proc. of the National Symposium on
Trans. for Ag. and Rural America. Nov, 15-17, New
Orleans, LA, DOT-TST-77-33, pp. 42-35.

Gibney, R F. 1978, Rates by the rule of thumb. Con-
tainerization International. p. 45,

Goss, R. 0., and M. C. Mann {assisted by 5. Herman).
1977, The cost of ship™s time. #n Advances in Maritime
Economics (R. Q. Gioss, ed.), Cambridge Univ. Press,
MA.

Hodgkin, Kenneth E.. and David N. M. Starkie. 1975,
Valves of time in long distance treight transport. The
Logistics and Transpostation Review. 14(2):117-126.

Hutchinsen, T. Q.. L. A. Hoffman and R. L. Parlett.
1976. Improving the export distribution system for
fresh fruits and vegetabics. ERS-USDA Marketing
Res. Rep. No. 1027,

Johnsen. Mare A. 1976, Estimating the inflluence of

service quality on transportation demand. Amer. L.
Ap. Econ., pp. 496-503.

Journal of Commuerce, 1979 Julv 13, p. 6.

Laing. E. T 1973, Containers. pallets or LASH: The
economics of genera} cargo shipping. QER Special
Report No. 13. The Economist Intelligence Unit, Lid.

12

Mever, John K., et al. 1959, The economies of competi-
tions in ihe transportation industries. Harvard Univ.
Press, Cambridge. MA, pp. [42-193,

Miklius. Walter, Kenneth L. Casavant and Peter V.
Garrod. 1976, Fstimation of demand lor transporta-
tion of Agricultural Commodities. Amer. J. Ag. Econ..
pp. 217-223.

Mohring, Herbert. [976. Transporation economics.
Ballinger Publ.. Cambridge. MA.

Mongelli. Robert C,, and Bruce E. Lederer. [975. An
evaluation of five systems for handling frozen food
from provessor to wholesale warchouse. ARS-USDA
Marketing Res, Rep. No. 1048,

Nicholas, Constantine 1., and Philip L. Breakiron. 1974.
Intermodal transport of [rozen poultry praducts (o
overseas markets - - A comparison of physical per-
farmance and costs of van container and break-bulk
systerns. ARS-USDA Marketing Res. Rep. No. 1025.

Puacilic Tratfic. 1977, A look at the future of the Pacific
(uast ports. December, p. 28,

Pierey. James E., and Ronald H. Ballou. 1978. A perlor-
mance cvaluation of freight transport modes. The
Logistics and Transportation Review, 14{2):99-116.

Ricndeitu, Bruno. 1977. A port choice model of the
carrier, the shipper and the consignee:  An applica-
tion 1o container transport between the north and
south Atlaatic and selected Quebec, East Coust and
Gireat Lakes ports in Canada and the United States.
Univ. of Pennsylvania Ph.D. dissertation.

Roberts, Paul O, Jr. 1971, Economic analysis for trans-
port choice. A Charles Rive Assoc. Res. Study. D. C.
Heath and Co.

TRC Development, Inc. 1974, A study of export ship-
ments of selected agricultural perishables. Prepared
lor Maritime Admin. Distributed by NTIS, U.S. Dept.
ol Commerce.

Whittaker, 1. R. 1975, Containerization. Hemisphere
Puhl. Corp.. London. p. 26.



Appendix

Appendix Table 1. Derivatlon of cost tor transil time far brask-bulk truck ($ per cwt of dry peas).

Original
Transt Cost of transit time cont of Totsl:
Distance Actual time In for $30/cwt product modal  Originat cost plus cost of
Roule In mlles time data day1 an Interast rate ot actlvity? transit time at interest rate of
{days} {estimate)’ (10%] [15%) {20%} {10%] {15%]) {20%}
Spokane 10 Seattle 278 1,25 1.5 012 me 024 575 587 593 599
Spokane to Portiand 348 .25 1.6 013 D20 026 575 s ) 545 601
Spokane to Dakland 882 2 24 020 030 040 1155 1.175 1.185 1.195
Spokane 10 New Orieans 2,343 4 4.6 038 057 078 3000 imz 3.087 3.076
Spokane to Baltimore 2.403 4.7 039 058 078 313 e 3 321
Coliax to Seattle 206 1, 1.25 86,2 15 012 018 024 543 555 561 567
Colfax to Portland 45 1.1.25, 1, 2 1.6 013 020 028 803 615 623 629
Colfax to Oakland o087 2,3 2.6 o .03z 042 1 405 1.426 1.437 1.447
. Coltax ta New Orleans 2401 4 47 .039 038 078 KK 3170 3189 a.205
Coifax to Baltimote 2.520 [} 48 03s% 05¢ 078 3277 3318 3336 3.355
Moscow b Sealtle 301 1.5 2 1.5 012 018 024 650 668 668 874
Moscow to Portland 32¢ 152 1.6 013 020 026 650 863 870 676
Moscow to QOaklang Q78 25 021 031 .042 1.381 1.402 1.411 1.423
Moscow to New Orleans 2418 47 039 058 078 3151 3190 3.209 3229
Mascow ta Baltimore 2.500 4.8 039 059 Rk 3252 329 3.3 3.330
Kendtick to Seattie 349 2 16 013 020 026 635 646 B55 BB1
Kendrick to Portland 319 2 16 013 Q20 026 835 BAB 855 6E61
Kendrick 1o Oakland a1 3 25 o221 o3 042 1.373 1384 1.404 1.415
Kendrick to New Qrleans 2.410 4.7 039 058 78 3.142 3181 3.200 3.220
Kendrick to Baltimoreg 2,492 4.8 039 059 78 az4z 3281 3.301 3.320
Craigmont to Seattle 67 1.6 013 G20 026 BD0 613 £20 626
Craigmont to Portland 336 1.6 13 020 026 600 £13 620 626
Craigmont o Qakland QA8 26 021 32 042 1.393 1414 1.425 1.435
Craigmont 10 New Orleans 2.433 4.7 039 058 Q78 3170 3.209 a 228 3 248
Craigmont to Baltimore 2510 48 039 059 078 3,263 3.304 3,324 3.343

"TiMBaays = 1.082 + 001480 R - .76, F = 71.0; standard error = 00018
2Cast of transit time = interest rate - 365 days = $30 » estimated days in transit,
"Cost of transportation, surcharges and port charges included.
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Appendix Table 2. Derivation of cost for transil ime for break-bulk rall ($ per cwt of dry peas).

Origina)
Transil Cost of trangit {ime cost of Total:
Distance Actual Hime in for $30/cwt product modal  Original cost plus cosl of
Roule in miles lime data days an Interest rate of? acllvity? \ranslt lime at interest rate of
{¢ays) (eslimata}’ 1 10%} [15%) { 20%) {10%) [ 15%] 120%)
Spokane to Seatlie 3G 3,4,35 3 38 03 047 062 b4 571 587 802
Spokane to Portiand 368 33,353 39 .03z 048 062 54 &i2 598 602
Spokane to Dakland 1,086 7.8 6 58 048 072 096 1.43 1478 1.502 1.526
Spokang to New Orleans 2.590 10, 8, 165, 10 g7 .080 120 160 2.5 2.590 2.630 2.670
Spokane to Baltimore 2.628 10, 9,14 98 081 21 162 3.15 3231 32N 3312
Coilax 10 Seattle 334 4,33 40 033 049 066 A4 573 589 606
Colax o Portiand 442 4. 3,25 4.1 032 051 068 54 574 591 808
Coltax to Cakland 1.160 ] 8.0 040 72 nag 1.43 1.479 1.504 1.528
CoHax to New QOrleans 2,664 8,79 a9 03 122 162 2.51 2551 2.632 2672
Colfax to Baitimore 9.9 10.0 oaz 123 154 315 Jau2 3.273 3314
Moscow to Seattle 412 3,44 4.0 .033 049 066 .54 573 509 806
Moscow to Porllang 470 3, 4.4 4.2 035 052 070 .54 575 5az 810
Moscow to Oakland 1,188 7.8 6.0 049 074 098 1.43 1479 1.504 1.528
Moscow to New Orleans 2,692 10.8 29 081 122 162 251 259 2.632 2672
Moscow to Baltimaore 2730 10. % 100 .0az 123 164 315 3232 3.273 3314
Kendrick to Seallle 450 4.5 4.1 034 051 068 54 574 581 608
Kendrick to Portlang 508 4.3 43 035 053 .ovo 54 575 593 810
Kendrick o Qakland 1.226 11 61 .050 ovs 100 1.43 1.480 1.505% 1.530
Kendrick to New Orleans 2,730 11,10 100 0ge 123 164 25 2.592 2.633 2674
Kendrick to Baltimare 2768 1" 101 083 125 166 315 3.233 3.275 3316
Crzigmant to Seattle 505 4 43 035 053 070 54 875 593 810
Craigmont to Portland 563 4 44 038 054 orz 54 576 594 612
Craigmont 1o Qakland 1,281 8 K] Q52 08 04 343 1483 1.508 1534
Craigmont 10 New Orlgans 2785 8 102 (B4 126 168 251 2.594 2636 2678
Craigmont 10 Baliimore 2823 9 10.3 ngs 127 70 315 3235 3.277 3320
"Timeya,s = 296 + 00259 Distance; R = 73; F - 159.15; siandard error - 000205
“Cost of transit time = interesi rate = 365 » 33D - days in transil (estimated)
*Cost ot transportation, surcharges and port charges included
Appendix Table 3. Derlvation of cost for iransit time tor conlainer on iruck (§ per cwi of dry peas).
Origlnal
Trans Cont of trapsit time cosl of Total:
Distance Actual time in far §30/cwt product modal  Original cost plus cost of
Route In miles time dats days an interes\ rate of’ aciivity? transit time at interest rate of
Idays] lestimate) {1 1U%) {15%) (20%) {10%:} {15%) {20%)
Spokane 10 Seattle 278 1.25 15 o112 018 024 i 719 725 731
Spokane 1¢ Portland 348 1.25 1.6 013 020 026 T07 720 7e7 733
Colfax to Seattie 256 11262 1.5 012 018 024 743 755 i) 7E67
Coflax 10 Porlland 345 1.125.2 16 013 020 026 743 756 783 768
Moscow to Seattle 30 15 15 o112 018 024 740 752 758 764
Moscow to Portiand 328 15 16 013 020 026 740 753 760 766
Kendrick to Seattie 349 2 18 ;3 020 026 T il 80 .BO7
Kendrick 1o Portland a1 2 16 oma {20 026 I 794 am BO7
Craigmont to Seattle 367 16 013 020 026 800 813 820 B26
Craigmant to Porttand 336 16 013 020 026 80D 813 820 826

"The regression results were notsigmbcant (Tumey, . = 1.356 + 000788 Distance; R 0016; F = .0187; standard error — 00576). Therefore,
an estimate of transit bime was made by using the regression eguation denved for break-bulk truck.

*Cost of transit time = interest rale | 365 « 330 ~ days m transn (estimated).
*Cosl of transpontalion, surcharges and port charges included.
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Appendix Table 4, Derivation of cost of transit ime for contsiner an rall ($ per cwt of dry peas).

Original
Transit Cost of \ranegit ime cos! of Total:
Distance Actual time in for $30/cwl product modal  Original cost plus cost of
Route in miles 1lme data days an interest rate of’ activily’ transil time at inlerett rate ot
{daysl) testimate)’  {10%j) {15%)  {20%) {10%) {15%) {20%)
Spokane to Seattle 330 3.4.35 as 030 045 060 900 930 945 960
Spokane to Portland 368 3.3.35 38 031 046 062 300 a3 946 982
Colfax 10 Seattle 384 4.3 3.8 [sc3} 047 062 8G0 a3 Q47 BE2
Colfax to Portland 442 4.3 4.0 033 049 il 200 933 949 %6
Moscow 1o Seattle 412 3.4 4 3.9 032 .048 064 800 932 948 964
Moscow 1o Poriland 470 3.4.4 4.0 033 049 066 900 933 949 366
Kendrick 1o Seattie 450 4 4.0 .D33 049 066 G0 933 949 966
Kendrick 1o Portland 508 4 4.1 034 051 068 860 934 951 968
Craigmont {0 Seattie 505 4.1 03a 052 068 800 934 852 96R
Craigmont 1o Fortland 563 4.2 035 052 ReNs) a0 B35 852 avo

Timey,,, = 2.97 + .00223 Distance, R = 80; F = 153.74; standara error = 000179
{Cost of transit time - interest rale - 385 ~ $30 = days in transd [estimated].
‘Cost of transporlation, surcharges and days in transit included

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

Contalner- Origina?

on-truek Container- Cost of tranait cost of Tolal:
Initlal leg of route with Distanice Hme on-barge  Total time for $30 product modal Cost of transit time at
uitimale destination of Portiand in milsa  in daya' in dayal time? ol Interest rate ot activity inlerest rate of

{10%) {15%) (20%) i TR} 115%) {20%!

Spokane 10 Lewiston 109 25 575 6.00 042 .04 Q99 N 780 .BOS 830
Spokane to Pasco 132 26 517 5.43 045 067 089 744 789 81 833
Colfax to Lewiston 48 21 575 5.96 049 073 088 578 827 B51 BT8
Caoltax to Pasco 147 29 517 545 .045 a7 .080 .766 BN B33 856
Moscow o Lewiston 33 .20 575 585 049 073 098 571 B20 44 663
Moscow to Pasce 126 26 517 543 045 067 089 T34 779 .BO1 -B23
Kendritk 1o Lewiston 23 19 575 594 049 013 098 558 607 631 636
Kendrick to Pasco 176 .30 5.7 5.47 045 067 .090 810 855 877 900
Craigmont 1o Lewiston 48 21 575 598 049 073 098 871 820 B4 689
Craigmont (o Pasco 194 33 517 5.50 .045 068 080 837 Bg2 505 g7

'Estimates are based on 50 mph plus 4 hours loading and unloadingand 3 5-day delay because of the one scheduled 10ading a week al the
river porls. Since a delay could conseguently take from 0 10 7 days, an average schedule delay would be 3.5 days.

’Estimates were ohtained from a barge company official and inCludes 4 hours loading and unipading.
Sum of container-on-truck time ang centainer-on-parge time.

‘Cast of transit = interest rate = 365 = $30 = days in transit (estimated).

*Cost ol transportation, surcharges and port charges included,
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Appendix Table 6. Derivation ot cosl of lransil time tor break-bulk ship with break-bulk truck port interface {$ per cwt of dry peas).

Original
Transit Cost ol Iransit Lime cost of Tolal:
Distance  Actual time in for $30/cwt product modal  Original cost plus cos! of
RAoute in miles time dala days an interest rate of? activity’ transit lime al Interest rate of
fdays} [estimale) {10%) L15%) {20%} [ T0%a} (15%) (20%)
Seattle to Buenaventura 3718 2218 21 70 260 340 5.444 5614 5704 5784
Seattle to La Guiasa 4,904 14 30 .250 380 500 4.B04 5.054 5.184 5304
Seaitle to Yokohama 4254 25 210 320 420 270 2.980 3060 3.180
Seattle to Singapote 7.062 56 47 380 580 T8O 5.218 5606 5.806 5 096
Seattle to Hamburg 9,125 63 520 780 1.040 5240 5760 £.020 6.280
Seattle 10 Naples 9.372 E5 530 ang 1.060 5.053 5583 5.853 6113
Partland to Buenaveniura 3,561 21. 16 19 160 240 320 5.444 2604 5.684 5.764
Portiand 10 La Guiara 4753 29 .240 Ba 480 4,804 5 049 5164 9.284
Portland to Yokohama 4,323 25 210 320 A20 2770 2 980 3.080 3.180
Porttand to Singapore 7,142 57 48 390 .580 780 5218 5 606 5 Bla 5 548
Portland to Hamburg A574 62 510 760 1020 5.240 5 754 6.000 6.260
Portland 1o Naples 9.221 b4 530 800 1.060 5.062 5 583 5 853 6113
Cakland 1o Buenaventura 3,386 17.13 18 .50 230 300G 5 4B0 5.630 5710 5.780
Cakland lo La Guiara 4132 14 24 200 300 400 4 540 5.040 5.140 5.240
Oaklandg to Yokohama 4 539 27 220 330 440 2.804 3028 3135 3248
Cakland 10 Singapore 7.356 59 49 400 R:100i] BOQ 5 252 5 852 5.852 & (052
Oakiang 16 Hamburg B,353 57 470 710 .840 5.276 5746 5 986 6.216
Qakiand 1o Naples B.600 59 480 720 860 5.089 5.569 5.809 6.049
New Orieans to Buenaventura 1.785 5 040 060 Ru:1e] 6.816 6 856 B6.876 6.896
New Qrleans to La Guara 1.801 5 040 060 080 3.665 3705 372% 3.745
New Orleans to Yokohama 9,115 63 520 780 t 040 4 4Q0 4.920 51680 5. 440
New Orleans to Singapore 11938 B5 700 1.050 t 400 6972 7672 8022 B.372
New Orleans 1o Hamburg 5111 32 .260 390 520 3.081 3321 3 451 3.681
MNew Orleans {0 MNaples 5,549 KE} .290 440 580 4245 4535 4.685 4.825
Baltimare to Buenaventusa 2.296 16 ] 070 1o 140 6703 8773 68.813 6.842
Ballimore to La Guiara 1.813 i 5 040 060 0RO 3.552 3592 3.612 3632
Ballimore 1o Yokohama 2626 67 550 830 1.100 4287 4.6837 5117 5.387
Bahimare to Singapare 12,449 a2 89 730 1100 1.460 6.822 7.553 7.923 B8.283
BaHimore to Hamburg 3977 23 180 290 380 8.085 8275 8375 B 465
Banimore to Naples 4471 26 210 320 420 7.7 7.941 8.051 B 151

Timey,,, = -8.86 + 0079 Distance. R* * B9 F - 03 47. standard error = 000814
‘Cost of fransit time = interest rate -- 365 » 330 » days in transit {estimated).

‘Cost of fransportation, surcharges and port charges included.
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Appendix Table 7. Derivation of cost for Iransit time for break-bulk ship with break-buik rail porl inlerface {$ per cwt of dry peas).

Original
Transil Cosl ol Iransil lime cost ol Total:
Diatance  Actuai time in tor $30/cwt product modal  Original cos! plus cost of
Route inmiles  lime data days an inlerest rate ol activity® Iransil time at interest rale of
{Qays) [esirmale}’ 10%} 1 15%} {20%) {10%; L 15%0) [0
Seattle to Buenaventura 3718 22,18 21 170 260 340 5938 6104 & 198 6278
Seattle to La Guiara 4.904 4 30 250 B0 500 D.298 5.548 5678 5798
Seattle to Yokohama 4.254 25 210 Az20 420 3264 3474 3584 3684
Seattle to Singapore 7.062 56 a7 380 5580 780 5710 6.100 & 300 £ 480
Seattle to Hamburg 2125 63 520 TRO 1040 5.734 6 254 £ 514 6774
Seattle to Naples 9372 65 530 800 1060 5.547 6.077 6 3a7 6 807
Portland 10 Buenaventura 3561 21.16 19 160 240 320 5938 £5.098 8178 6 258
Portland 10 La Guiara 4,753 29 240 360 480 5298 5.538 5 658 5778
Fartland 1o Yokohama 4323 25 210 320 420 J.264 3.474 3584 3684
Portland 10 Singapeore 7.142 57 43 350 580 780 5710 £.100 £.300 o 490
Poritand to Hamburg 8,974 62 510 760 1020 5734 6244 5.494 6754
Portiand to Naples 8221 64 530 800 1.060 5 547 6077 6 347 B.607
Qakland to Buenaventira 3,386 17,13 18 150 230 300 B 057 6207 6287 8 357
Qakland to La Guiara 4132 14 24 200 300 400 5417 5617 5937 5817
{akland to Yokohama 4,539 7 220 30 440 3383 3.603 33 3823
Oakland to Singapore 7,356 58 49 400 600 BOG 5829 6229 6429 8629
Cakland to Hamburg £.353 57 470 710 40 5853 6.3273 6563 6.793
Qakland to Naples 8.600 59 450 720 360 5 666 6 148 G 386 5 B26
New Orleans 10 Buenaventura 1,785 5 040 0680 080 6816 5.456 6 876 6 896
New Orleans to La Guiara 1,801 5 040 060 .G80 3.665 3.705 3725 3.745
New Orieans to Yokohama 9115 63 520 T80 1.040 4.400 4 920 5180 5 440
New Crleans to Singapore 11,938 85 700 1.050 1400 6836 7636 7 986 B 336
New Orieans to Hamburg 5111 az 260 390 520 3061 .32 34N 3581
New Crieans to Naples 5.548 a5 290 440 580 4245 4 535 4 BBS 4825
Baltimare to Buenaveritura 2,296 18 9 070 110 140 6595 B €665 6 705 6735
Baltimore 1o La Guiara 1.813 4 5 G40 060 QB0 Jad4 3484 3504 3524
Baltimore to Yokohama 9.626 G67 550 830 1.100 4179 4729 5 005 5.279
Baltimore to Singapore 12,448 g2 a9 730 1.100 1460 6715  T44% 7815 8BTS
Baltimore 10 Hamburg 3977 23 190 250 380 8.065 B.256 B 356 8 446
Baltimore (o Maples 4,471 26 210 320 420 7623 7833 7 843 8.043

Timey,,; -886+ 0079 Distance R° = .89: F - 93.47; standard erfor = 000814
‘Cost of trapsit ttme - interest rate — 365 = $30 = days n transit {estirnated)
Wost of tansportation, surcharges ang port charges included
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Appendiz Table 8. Derivalion of cost tor transit time tor coniainer ship with operating port stutling from break-bulk truck {$ per cwl of

dry peas). I
Original
Transit Cost of transit time cost pf Tolal:

Pistance  Actual time in for $30/cwt product modal COriginat cost plus cosl of

Route in miles 1ime data days an interest rate of? activily® transit time at interest rate of
{days) [estimate)’ {(10%)  (15%)  {20%) {10%3  (15%)  (20%)
Seattle to Buenaventura 3718 14 118 173 230 5752 5.867 5925 5.082
Seattie 10 La Guiara 4,904 17 17 140 210 280 5112 5252 5322 5292
Seattie to Yokohama 4254 18, 11,13, 11 16 132 197 264 3.078 3210 3275 3.342
Sealtie to Singapore 7062 28,23 23 189 284 378 5 524 5713 5 808 5.802
Seattle 1o Hamburg 9,125 27,28 28 230 L E 460 4 788 5.0'8 5133 5248
Seattle 1o Naples 9.372 29 238 Ase 476 4,626 4 BE4 4.984 5102
Portland to Buenaventura 3,561 14 115 173 230 5833 6.048 5.106 §.163
Portland to La Guiara 4753 22 17 140 210 280 5285 5 435 5.505 5.975
Portland to Yokohama 4,323 13,13,15.9 16 132 197 264 3529 3.661 3.726 3783
Panland to Singapore 7142 29 25 2 23 189 264 378 5705 5.894 5.989 & 183
Portland to Hamburg 8.974 26, 27 26 230 345 460 4 969 5199 5314 5429
Portiand to Naples g.221 28 230 345 4B} 4 B07 5037 5152 5267

TimMe gaye = 5015 + 00251 Distance; R’ = 66 £ - 60.06; standard error - 000324,
Cost of transit ime = inlerest rate < 365 © days in transit (eslimated}.
Cost of transponation, surcharges and por! charges included.

Appendix Table 9. Derivation of cost for transit time for container ship with operating port siutling from break-bulk rall ($ per cwt of dry

peas).
Original
Transit Cosl of transit time cost of Total:
Distance  Actuasl time in for $30/cwt product modal  Origina! cost plus cost of
Roule In miles  lime data days an interest rale of? aciivity? iransil 1ime at interest rate of
{days) [estimate) {108 115%) {20%) (10%) [15%%) 1 20%)
Seattle 10 Buenaventura a718 14 15 73 230 6.246 6.367 6.419 6476
Seattle to La Guigra 4904 17 17 140 210 280 5.606 5,746 5816 5.886
Seattle to Yokohama 4254 18 11,18 1 18 132 197 264 3572 3704 3.769 3.826
Seattle to Singapore 7062 28 23. 21 23 189 204 378 6018 6.207 6.302 6.396
Seattte to Hamburg 9125 °7. 28 28 230 345 460 5282 5812 5.627 5742
Seattle to Naples 9,372 29 238 358 476 5120 5358 5478 5.596
Pgriland to Buenaventura 3561 14 115 73 230 6.427 6542 6.590 6.657
Ponland to La Guiara 4753 22 17 140 210 280 5787 5027 5997 5.067
Portland to Yokohama 4323 13,113,158 16 132 197 264 3733 3885 3.950 4.017
Portland to Singapore 7142 29,25 21 23 189 284 378 £.198 6268 €.463 6.577
Portiand to Hamburg 8974 26. 27 28 230 345 L4800 5463 5.693 5.808 5923
Portiang to Naples 92 28 230 345 460 5.301 553 5.646 5.761
"Time = 5,015 « Q0251 Dnsiance. A = 6B, F = 60.08; standard error - 000324

Jays
«Cost of transit time = inlerest rate — 365 ~ $30 = days /0 transil {estimaled).

Cost of transponalion, surcharges and port charges included.
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Appendix Table 10. Detivation ot cost for Iranslt tire tor container ship with private terminal stufling from break-butk rall or truck ($ pes
cwt of dry peas).

QOriginal
Translt Cost of transl{ time cost of Total:
Distance Achial time in for $30/cwt produc! modal  Original cost plus cost of
Route In miles tims dala days an interest rale of? activity? fransil time at interest rate of

{days) (estimate)’ {10%) 115%) (20%) {10%) [ 15%0) 1 20%

Seattle v Buenaventura 3,718 14 115 A7S 230 5.724 5839 5.897 5.954
Seattls to La Guiara 4,904 17 17 140 210 280 5084 £.224 b 264 5. 384
Seaattle to Yokohama 4254 18, 11,18 11 16 132 197 254 3050 21137 3247 334
Seattle to Singapore 7.062 28,23 N 23 188 284 are 5496 5.685 5740 5874
Sesatlle to Hamburg 9,125 27.28 28 230 345 480 4.760 4 930 5105 52210
Seattle to Naples 9,372 29 238 358 476 4598 4838 4956 5074
Portland to Buenavaentura 3.561 14 Ath A73 230 5,694 5.809 5.467 5.324
Portland to La Guiara 4,753 22 17 140 210 .280 5.054 £ 194 5264 5.334
Partland to Yokohama 4323 13,12, 15 8 16 132 197 264 3.020 3.152 3.7 3.284
Partland to Singapore 7.142 20, 25 21 23 .189 284 are 5.466 5.655 5750 5.644
Portland to Hamburg 8,974 26, 27 28 230 345 450 4730 4 950 2.075 5190
Portland to Naples 8,221 28 230 345 460 4.563 4.793 4.908 5.023
Qaktand to Buenaventura 3,386 14 115 AT3 230 5559 5670 5728 5 785
QOakland to La Guiara 4,132 14 15 123 185 246 4915 5038 5100 5 161
Qakland o Yokchama 4538 20,12, 14 16 132 187 264 2.881 3m3 3.078 3 145
Oakland to Singapore 7.356 31,28 23 188 284 A78 5327 5516 5611 4.70%
Qadand to Hamburg 8,353 24,25 26 214 3 428 4531 4 805 4912 509
Cakians to Maples 8,600 27 222 333 444 4.42%9 4.631 4 THZ 4 BT
- New Orleans to Buenaventura 1,785 9 074 A1 148 5180 5.254 5.291 5.328
MWew Orleans to La Guiara 1.801 10 082 123 164 5189 5271 5312 5153
Mew Qrleans to Yokohama 91156 2B 230 345 460 4 542 4772 4 387 5302
New Orleans to Singapare 11,938 35 .288 432 576 7.146 7.434 7578 TI2e
New Orleans to Hamburg 5111 16 1B 148 222 296 .27 418 3493 3567
Mew Orleans to Naples 5,549 22 19 156 234 3z 4.455 4611 4 689 4.767
Ballimore to Buenaveniura 2,296 18 " 080 136 180 5.010 5100 5146 5190
Baltimore to La Guiara 1813 8 10 082 123 184 5.019 5.101 5142 5.203
Baltimore to Yokohama 9,626 23 29 238 358 A76 4372 4610 4 730 4.848
Baltimore to Singapore 12,449 38 296 444 5492 §.576 7.272 7420 7 568
Baitimore to Hamburg 3,977 5 123 185 246 7635 7.758 T.820 7.881
Baitimora to Naples 4471 16 132 RE T 264 B6.704 8.E36 5.901 8.968

1TimMe gays = 9.015 + 00251 Distance, R? = .66; F - 60,08; standard error = 000324,
Cost of transit time = interest rate — 365 » $30 x days in transit {estimated).
3Cost of transportation. surcharges and port charges included.

Appendix Tabte 11. Dertvation of cost for transii ime for contsiner ship with contalner-on-bargs, truck or rail as inlend mode (§ per cwi

of dry peas).
Original
Transtt Coat of translt time cost of Totak

Distance  Actual time In 1or $30/cwt product modal  Original cost plus cost of

Route in miles  time data days an interesi rate of? acilvily’ trangit lime af interest rate of
{days) (estimate)’ {10%%) (15%} {200 { T6R% {150 i20%;)
Seattle to Buenaventura 3,718 14 115 173 230 5444 5585  EEIT 0 SET4
Sealtle to La Guiara 4 904 17 17 140 210 280 4 Bo4 4 944 s 5.084
Seattle to Yokohama 4,254 18,1119 11 16 132 197 264 2770 2.902 2 987 3034
Seattle to Singapore 7.062 28 23 21 23 189 284 378 5216 5.405 5500 5534
Sealtle ta Hamburg 9,125 27,28 28 230 345 460 4480 4a7i0 4825 4340
Seattle to Naptes 9,372 29 238 358 476  431B 4556 4876 4734
Portland 1o Buenaventura 3,581 14 15 173 230 5.444 5459 581 5874
Portiand to La Guiara 4,753 22 17 140 210 280 4 804 4944 5014 5084
Portland 10 Yokohama 4,323 13,13, 15, 9 16 132 197 264 2.770 2.902 2967 1034
Fortland to Singapore 7,142 29,25 21 23 189 284 378 =Ral £.405 5 500 5 594
Partland 10 Hamburg 8,974 26, 27 28 ] 345 460 4 480 4.710 4 B25 4 040
Portland to Maplas 9221 28 23 345 450 4318 4,540 4.663 4778

Time 4,,, = 5.016 + 00251 Distance: R? = .66; F = §0.08; standard error = .000324.
#(ost of transit time = interest rate — 365 » $30 » days in transit (estimated).
3Cost of transportation, surcharges and port charges included.

19



Appendix Tabls 12. Derivation of cost for Iransit time lor mini-bridge (Pacitic Northwest 1o Europe vis Esstor Guit Coast port) ($ percwt

o dry peas).
Acute T o Obserystions Simple average
PNW to East 01 Gulf Conat 75 145, 10. 75, 12 10.3 days
Esst or Gult Count 1o Europe 14 5 3D, 16 20.2 days
Totat 305 days
Original
Cosl of Iransit lime cost of Totsl:
tor $30/cwt product modat Originsl cost plus cost of
Routs — o intereat rate of* activity? iransit time at interes! rate of
{10%) 115%} {20%) (10%} (15%) {20%)
Seattia/Fortiand to Hamburg 25 38 580 4.302 4 552 4,682 4.802
Seattie/Porliand to Naples 25 a8 50 4.044 4.294 4.424 4.594

‘Cost of transit time - intarest rate + 385 * $30 = days in transit {gslimated).

*includes containar-on-truck rate 1o Seattis/Portiand snd mini-bridge rale from Seattle/Portland to Europe.
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