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1. INTRODUCTION

The purpose of thus report 1s to outline a2 methodology for the analysis of mode selection
in freight transportation This methodology 1s intended to partake of transportation corridor
analysis, a component of demand analysis that 1s part of a national transportauicn process The
methodological framework presented here provides a basis on which specific models and calcu-
lation procedures might be developed It also provides a basis for the development of a data
management system suitable for cornidor analysis and freight mode selection studies The
scope of the present report 1s limuted to providing a methedological framework and does not

mnclude elaboration of specific calculating schemes or computer procedures

A theoretical framework 1s adopted from which mode choice models are derived It 1s
recogmzed that the theoretical framework is limuted concerming the ability of quanutative
approaches to completely explain all the factors that affect mode selection The methodology
presented here should be applied only as a guide iz planning, and as a first step toward forecast-
ing traffic flows on various modes More reliable predictions of flows can be obtamned only
when other nonquantitative considerations are taken into account The theoretical framework 1s
based on the concept of logistic management, and comprises the assessment of the total costs
of tiansportation and associated activities such as storage and handling These logistic costs
become a basis for allocating commodities to transportation technologies and modes available in

a cormidor.

The allocation to modes on the basis of the total logistics costs can follow a number of
rules, depending on the context withun which the allocauon 1s being made Thus, 1n a2 norma-
tive systemwide optimization approach that a national government or a very large shipper mght
adopt, allocation can be done on the basis of cost minimization Yet if the object 1s to simulate
the pehavior of independent shippers, none of which is large enough to affect the transportation
supply system, allocation 15 based on the principle of equilibrium within which the mdividual
cost for each of the shippers 1s mmmmized Normally these two allocation rules will result in

different solutions.
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The aliocation procedures proposed in the methodological framework presented here
recognize the stochastic nature of the logisucs process and of the decision process of mode
selection For this reason, stochastic models of logistics cost, and consequently stochastic

models of choice, are proposed as the basis for the application of the methodology

The remainder of this report contains the following sections First, a section is devoted to
the introduction of the concepts of logistics management and to the logistics decision process in
commodity transportation This is foilowed by a discussion of the alternatives normally avail-
able to the shipper 1n a transportation corridor, alternauves which include the choice of mode
or transportation technology The third section 1s devoted to elaborating on the components of
the logistics cost function In the fourth part the determunustic and the stochastic choice models
are described 1n detail Lastly, a section 1s devoted to a discussion of the policy context within
which the transportation mode choice analysis process fits This section elaborates on the ways

i which the methods described here should be used within such a process

2. LOGISTICS FRAMEWORK

The basic principle of the logistics framework for transportation mode choice analysis is
that transportation is only one component of a larger, more extensive process that deals with
the production and marketing of commodities Transportation of commodities takes place n
order erther to bring mputs of a production process to the location of production, or to bring
fimished products to marketing and distribution centers. Thus, transportation is one component
of the logistic production planmng process, and 1ts analysis should be made within the context

of a well-defined production and marketing system

The logistics process concerns decistons regarding important aspects of the production and
marketing process. These decisions deal with the selection of production technology, the selec-
tion of inputs, the selection of the sources of the inputs and of the destinations of the products,
and the selection of levels of production and marketing. The location of the production activity

i1s another important decision n thus process and one that has important implications for
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transportation requirements It 1s considered, however, to be such a long-term decision that it
1s usually assumed to be fixed if the purpose of the analysis 1s to allocate estimated transport

flows to available modes This clearly results in a useful sismphification of the analysis

In defining a framework for the methodology of corridor mode choice analysis, some of
the logistics decisions will be assumed to be fixed in the sense that decisions are made over
terms longer than those of mode selection This simphification 1s advantageous, and also allows
the mtegration of the mode choice analysis into other corridor studies that form a part of
national transportation planming For any given cormnidor and for any commodity type, it is
assumed that the following decisions have been made before proceeding with the mode selec-

tion

1 Locatons of Production and Markeung Acuvities: As mentioned earlier, these are long-term
decisions For the methodology, this impiies that the origin and destination of commodity

flows are known within the corridor, and only mode choice 1s to be studied

2 Quanuties 10 be Shipped- This again 1s assumed to result from a more extensive demand
analysis than just the choice of mode--1t 15 a part of the overall logistics planning process
For the methodology 1n question here, this decision implies that for each type of commo-

dity, the flow quantities between fixed onigins and destinauons are given.

It 1s possible in principle, of course, to integrate one or both of these decisions into a sin-
gle logistics planning model that would include locational analysis and demand analysis in add:-
tion to mode selection The limitation on the scope at this stage 1s intentionally made tn order
to respond to a specific analytic component withun the National Transportation Plan methodol-
ogy The incorporation of these decision analyses could be concetved and performed at a sub-
sequent stage without difficulty.

The logistics decisions remaining in the mode selection methodology that i1s presented
here are discussed in more detail in the following chapter Naturally, since the logistics process
is broader than simply the choice of mode, the methodology provided here will reflect that

extended range



Logisucs Decision-Making Unit

Before proceeding with the detailed specification of the logistics choice process and its
modeling, 1t 1s useful to clearly define the decision-making unit involved. In general, transpor-
tation decisions are made by a variety of participants in the production and marketing process
The decision to ship a particular commeodity can be made by the producer as part of a marketing
plan, or by the consumer as part of an input acquisition plan The decisions regarding the
specific operation of the transportation system are usually made by the carner, and occasionally
influenced by regulatory institutions Such decisions are considered as a part of the supply pro-

cess. and not of the logistics decision process

In developing the methodology for mode selection we shall adopt the perspective of the
shipper The shipper is the decision-maker who determuines the various logistics choices
involved 1n a commodity transportation activity The shipper 1s a generic term and could, 1n
fact, refer to a producer who 1S shipping outputs to a marketplace, or a receiver who 1s ordering
shipments from the production pomnt It could also refer to a single entity that is both a pro-
ducer and a consumer in the sense of being directly inveolved in the marketing of the products
in the marketplace The shipper could also be a cornidor level pianning agency (or development
corporation) which makes decisions regarding the deployment of commodities within the
region The adoption of the shipper as the decision-making unit i1s not to imply that the selec-
tion of modes will always be made with the shipper’s perspecuve and objectives in mund This
adoption 1s rather a behavioral assumption stemming from the role of the shipper mn logistics
decision-making The decisions made by a shipper will significantly affect the total generalized
costs of transportation, and hence will influence the selection of transportation options, regard-
less of what objectives are used to guide this selection Indeed, as we shall discuss in a later
chapter, there exist planning situations where the shipper perspective 1S not an appropriate one

for mode selection, but where an overall system objective guides the choice
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3. LOGISTICS CHOICES IN COMMODITY TRANSPORTATION

As mentioned earhier, the scope of the methodology developed here s iimited to the fol-
jowing scenario A corridor 1s given with a fixed set of economic and geographical characteris-
tics Withuin thus cornidor locational and production technology decisions have been made,
resulting mn a given demand flow 1n each of a set of commodity types In order to carry out this
transportation activity, a shipper or shippers have to make a number of logistics decisions

defiming the manner by which the commodities are shipped and the technologies are used.

The following are the important choices that must be made by the users of the commodity

transportation system

) Mode. As different modes will in general offer different levels of service and result
in different costs for commeodity transportation. the firm will 1n general choose
among avatlable modes 1n an effort to miminuze the total generalized cost of trans-

portation

2 Shipment Size The firm has a choice of shipment size associated with any given total
quanuty of commodity shipped More frequent shipments result in smaller ship-
ment size and vice versa. The size of shupment i1s an important factor in logistics
decisions, affecting the levels of inventory that must be kept on hand in order to
meet the needs for the commodity during the time between shupments Shipment

size will also affect the choice of mode

3 Frequency of Shipments: Closely related to the choice of shipment size, this choice
will depend on the handling costs involved in making orders, and will aiso affect

mmventory levels

4 Re-order Point: Thus 1s the firm’s choice of the point at which to plan the arrival of a
shipment 1n relation to the point at which available inventones are expected to run
out Usually as a safety measure re-order points occur sooner than stock-out ponts,

how much sooner will of course depend on inventory costs.
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To 1illustrate the interaction between the choices of shipment size and frequency of ship-
ments, consider the foliowing situation a firm requires a total of T tons of a certain commodity
per year The firm has a choice of frequency of orders and shipment size Let the handling
cost per order be h, and the frequency of shipments be f, so that average shipment size 1s S =
T/f The warehousing cost per ton and per unit ume 1s w Figure 1 shows the levels of inven-
tory that have to be mamntained by the firm for a given value of f or S It can be seen from the
figure that the average inventory level, not mcluding any safety stocks for emergencies, 1s given

by

:=—;S= {1

The total warehousing cost is then given by

W=w;=-§15==-—=- )

The firm has a choice between infrequent large shipments, which would raise the total
warehousing costs, or frequent smail shipments which would raise the handling costs The
opumal combination of shipment size and frequency can be derived by mmmmuzing the sum of

these two costs, which we shail refer to as logistics costs L

L =27 o 4 3)

f

where, as defined before, h is the handling cost per shipment and W is the unit cost of

warehousing The optimal frequency of shipments can be found from

8L L9 4)

and combining Egs. (3) and (4) yields the optimal frequency and shupment size.

F* = wT/2h (5)
and
S* = 24T 6)

w



for which the total logistic cost 1s given by

= 2L Ly (7

This model represents oniy the trade-off between warehousing costs and handling costs Other
considerations can influence the choice of shipment size (and hence frequency), and transport
rates and mode levels of service. It should be clear that the appropriate size of shipment 1s not
independent of the mode considered It 1s also interesting to note that a2 given shipment size S
will result 1n a given logistics cost L Hence the use of shipment size as a factor in a transport
demand function such as the Friedlaender and Spady model described 1n the previous section is
a proxy for logistics costs. Whether the demand has a positive or negative elasticity with
respect to shipment size will depend on the relative values of w and b This elasticity will nor-

mally be negative except when the handling cost per shipment 1s unusually high

This simple example can also be used to illustrate the firm’s choice of strategy for re-
ordering as an aid in dealing with uncertainties etther in the transportation system performance
or in the use rate of the commodity Figure ! shows the evolution of nventory levels when
every shipment of size S = T/f arrives precisely on time, that is, at precisely the pomnt in time
when stocks on hand run out. It also depicts a situation in which the rate at which the commo-
dity 1s used up s precisely S tons per time period between shuipments 1/f, 1e., precisely T tons
per year If for some reason the commodity 1s used up at a faster rate, such as due to an unex-
pected upsurge 1n the demand for the firm’s output, then the inventory will run out before a
shupment arrives Both of these events--the delayed arrival of 2 shipment and the early deple-
uon of inventory--will result in what 1s called a stock-out, at potentially high opportunity costs
to the firm In order to avoid stock-out, the firm will usually maintain 2 safety stock by adjust-
ing the re-order schedule and the scheduled arrnival times of shipments m such a way as to hmt

the risk of stock-out to a certain level.
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Figure 2 iliustrates how a delay of shipment arrival can resuit in stock-out and how the
firm can avoid that by having shipments scheduled to arrive earhier In the figure a shipment
arrival delay from b to b’ can cause a stock-out as indicated by the cross-hatched area In order
to avoid a stock-out, the shipment can be scheduled to arrive earhier, at b", resuilting in a max-
imum expected inventory level S’ and a safety stock of S which could be used up if the ship-
ment 1S delaved and arrives at time b rather than b" Clearly, the maintenance of a safety stock
will increase inventory costs Hence the selection of the appropriate level of that stock would
depend on the warehousing cost, stock-out costs, uncertainties about the transportation systemi,
and estimates of the demand for the firm’s output For some commodities 1t 1s possibie to keep
safety stocks to a mumimum if a fast mode of transport, such as air, can be used for quick

respornse to emergencies and immunent stock-outs Safety stocks are usuaily made proportional

to the sum of the time between shipments 1 and the travel tme One method 1s the foliowing

f

simple rule for determining safety stock 5,
S =K \/Hl/f)-i»-f!T (8)

where the proportionality factor K would depend on the unrehability of the transport systems
measures, € g., by the standard deviation of the travel ume, or the unreliabihty of the estimate
of the firm’s rate of use of the commodity, also as measured by the standard dewviation of that

estimate.

With so many choices invoived 1n any transportation activity, and given the possible range
available for each, it can easily be imagined that the number of options rapidly becomes intract-
able Therefore, 1t is necessary in any model choice application to limut these alternatives by
defining a domain of cheice for any given corndor and commodity type. This can be done by
defining the appropriate mode-shipment size combinations. Clearly, there are modes that are
not suttable for very small shipments, and others that are suitable only for small shipments.
For example, 1t 1s only feasible for a shipper to operate its own trucks if there are shipments to

fill the trucks for a reasonable frequency of trips. If not, 1t 1s reasonable to expect that the
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shipper is better off purchasing transportation from a carrier in less-than-truck-load (LTL)
units  Simularly, certain commodities will not lend themselves to air transportation because of
their density and packaging characteristics Hence one should define for each corridor and com-
modily type the "choice set” representing the alternatives available to the shipper for the pur-
poses of applving a choice model Note that the definition of choices needs only to concern the
combination of mode and shipment size. The frequency of shipments and re-order point deci-
sions are made independently on the basis of the relative costs of inventory and handling, as
described earlier A typical layout for a defimition of a choice set 1s given n the table below
There are 22 alternatives identified with four modes (rail, private truck, comemon carrier trucks,

and air) and with different shipment-size groupings for each

It 1s, of course, possible to expand or contract this type of choice set depending on the

suttability of the commodity, available technology for classification, and availability of data

Analysts of Choice

Having 1dentified the reievant options in a particular mode seiection situation. the next
step 1s to identify the important determinants of choice and to assess their values for each of
the alternatives on hand This 1s followed by the apphication of some rule to select the
appropriate alternative on the basis of these deterrmunants This choice analysis process can

then be summarized as follows.
a. Identify the relevant alternatives mn the corndor,
b Quantify the determinants of choice for each aliernative,
¢ Apply a choice rule to select one alternative

To illustrate this process with a simplified example, suppose that in the choice among
alternatives the only determnant is the travel time Step b in this case would be to compute
the total travel time for each of the alternatives identified tn Step a This i1s followed by the
application of a decision rule for the choice of alternative. For example, if the rule 1s to

munimize travel time, then the choice would be the alternative that has the lowest overall travel
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22
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TABLE 1

A Sampie Mode Choice Set for Commedity Transportation

RAIL/freight forwarder, mumimum charge

RAIL/freight forwarder, small shipment

RAIL/freight forwarder, 1arge shipment

RAIL/traiier on flat car, one traiier

RAIL/traiier on flat car, two traiier

RAIL/carioad, smaii shipment

RAIL/caricad, iarge shipment

RAIL/muitipte caricad

Common Carrier TRUCK/iess-than-truckioad, mimimumn charge
Common Carmner TRUCK/fuii truck 10ad, smaii shipment
Common Carrter TRUCK/fuii truck ioad, iarge shipment
Private TRUCK /iess-than-truckioad

Private TRUCK /fuii truck ioad singie truck

Private TRUCK/fuii truck muitipie trucks
AIR/mdividuai shipment, minimum charge
AlIR/individuai shipment

AIR/contamer, smali shipment

AIR/container, medium shipment

AlR/container, iarge shipment

AIR/charter, smalil shipment

AIR/charter, medium shipment

AlR/charter, large shipment
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time If, on the other hand, the rule 1s to achieve equilibrium among alternanves, then the
flows will be assigned to the various alternatives n such a way that travel times are equal on all
of them Different decision rules are relevant for different policy analysis sttuations, this will

be discussed 1n a later chapter of this report

The determinants of choice that can be quantified for the purposes of this analysis are
going to be defined as components of one single overall measure referred to as the "total logis-
tics cost” It 1s believed that, at this level of quantification, the total transportation cost 1s the
single most important determinant of mode selection, provided that cost is defined mn a
sufficiently broad sense to include all aspects Departures from logistics cost as the determinant
of selection are, of course, common n reality This should not, however, preclude the cost-
based analysis from providing the first cut at the ratuonalization of the mode selection 1n corri-
dor analysis This issue s discussed later in this report. We will first present a discusston and

model of total logistics costs

4. LOGISTICS TRANSPORTATION COST

In thus chapter we discuss the total logistics costs as defined 1n the previcus chapter
These costs will constitute the total costs mvolved in the transportation of commodities
between onigins and destinations and with all the activities associated with this transportation,
such as storage and inventory control, insurance, and emergency shipping and handling The
challenge in modeling mode choice 1n commodity transportation lies in understanding and
guantifying the factors that make up the total cost of transportation These costs depend pri-
marily on three factors. 1) the transportation technology used, 2) the logistics of shipment
scheduling and sizing, and 3) the commodity characteristics These three factors are not
mdependent; it is easy to see that the cost of using a particular technology depends, among
other things, on the size and the frequency of shipments as well as on the type of commodity

being carned.
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The following are the components of the total cost of commodity transportation

1 Shipping Cost Thus 1s the rate charged by the carrier per umt of the commodity, and
1s usually dependent on the shupment size and on the length of haul. The shipping
rate charged by a carrier will often mciude many of the components of commodity
transportation, other than stmply the cost of operating the carrier’s system These
components will include insurance, handling costs, sometimes packaging costs, and
often a provision for reimbursement for delays mn transit that mught cause the
receiver to mncur stock-out costs The shipping cost will depend predominantly on
the mode of transportation used Handling costs as well as packaging costs will also
depend primartly on the mode used Packaging costs wiil often be influenced by the

costs of loss or damage that may be caused by poor packaging.

2 Time Cost The travel time components contribute to commodity transport cost in
two ways First 1s the potenual loss of value of the commodity due to its limited
shelf life either because of perishability, as in the case of fruits and vegetables. or
because of its time value, as with newspapers and fashion clothes. Second is the
cost of the ued-up capital represented by the value of the shupment while 1t is in
transit. For high valued commodities, or for very large shipments, this can add up

o a sxgmﬁcam cost component.

3 Warehousing Cost: This cost usually depends on the type of commodity stored, and
also depends on the overall general level of mmventory As discussed in the previous
section, the deterministic level of inventory, not including safety stock, will depend

on the frequency and size of shipments

The warehousing, or inventory cost, will also include the cost of the capital tied up
in the mmventory This will usually encourage shippers or receivers of high value
commodities to mamntain mimimum mventery levels and to depend on emergency,

fast transportation, such as private truck or air, in order to avoid stock-outs
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4 Ordering Cost per Shipment This cost usually depends on the mode used and on the
nature of the process by which the carrier 1n question operates Frequent long-term
orders from the same suppher will understandably result in lower ordering costs than
when the supplier choice 1s constantly changed Emergency orders will also tend to

COSt more

S Unrehability Cosis These costs are reflected mm two ways Furst, in response to
unrehiability 1o the logistics process, higher safety stock levels must be kept, result-
g 1 higher warehousing costs Second, frequent emergency orders and disruptions
in the receiver’s or the shipper’s mventory control system, or even production and
marketing processes, will all result in higher costs
Cost Model!

In order to account for these costs it 1s suggested that a cost model be constructed and
calibrated for use 1n the mode selection mode! discussed later 1n the analysis This cost model
will contain variables that describe the various cost components mentioned above
Simplifications are made with a view toward reducing, or at least hmiting, the data requirements
for bui/ding such a model.

In the cost model, the total logistics cost for transporting will be written as an additive

function as follows

C(T) == Transport Charges + Value of Time n Transit + Inventory Cost + Stock-Out Cost

where C(T) 1s the total cost of transportation of T tons of a commodity in a given corridor.

Taking each of these components i detail, we have

Transportation Charges = r T

where t 1s the unit transportation rate (tariff), and T 1s the total quantity shipped. We have
assumed here, for simplification, that the tanff will include all the insurance, packaging, and

handhing charges associated with the shipment. If this is not the case for a particular situaton,
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then r should be modified to include these components to the extent that data about them are

available
Value of Time 1n Transit = Loss of Commodity Value + Value of Capital Tied Up

= wtd(t)T + utkT

where u 1s the unit value of the commodity

d(t) 1s a funcuon that describes percentage deterioration in value of commodity as a
function of ume For example, if at 1=35 days 50% of the commodity will be lost to
deterioration or loss of ume vaiue, then d(t) 15 0.5

t 1s the total travel time, including all termuinal times

k is the cost of capital, or the interest rate on the capital value of the commodity while
it 1s tied up 1n transit

It 1s important to note here that u should represent the unit value of the commodity as per-
cewved by the shipper In other words it is the price of the commodity at the destination, since

1t 15 this value that will be lost if the commeodity s .0st

Inventory Cost = Cost of Storage + Vasue of Capital Tied Up in Storage

V2hwt + RT/2w

fi

where, as defined earlier
h 1s the handling cost per shipment
w 1s the warehousing cost per unit time, and per unit of commodity
k 1s the total cost of capital over the period of ume i guestion.

Note that the first component of this cost is the mventory ¢ as determined by equation (7)
in the previous chapter The second component measures the value of the capital tied up n
inventory Using equations (5), (6), and (7) 1t can be seen that the average inventory level, or
the average of the quantity stored at any point in time, s hT/2w  When multiplying this by uk,

the cost of the capital tied up 1s yielded
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Stock-out Cost = Cost of a Stock-out x Expected Number of Stock-cuts

sx E(n)

where 35 is the cost of a stock-out this is to be calculated on the basis of the commodity and
the comndor in question For example, if the alternative during a stock-out s an emergency
order by air of the mimmum shipment size, then that could be used as a cost of stock-cut dur-
ing the analysis period (for example during one year) This 1s to be assessed exogenously for

every corndor and technology

If we combine all these components mto a single cost function, we obtain the following
CT) =1T + utd(t) + utk T + v2hwT + uk x hT/2w + s E(n) (9)

The various components of this function will have to be assessed and accumulated 1n order to
perform the mode selection analysis Care shouild be exercised in doing this to maintam con-

sistency in units and definstions of terms

-

Unns and Variables of Cost Model

In order to maintain consistency in units and dimensions for the various components of

the cost model, the following 1s a definition of each of the variables

T 15 the total quantity 1n tons that will be shupped during a period of analysis such as a
year. Tons per year.

¢(T) 1s the total transportation cost for transporting the T tons It is measured in Bs per
year.

T is the transportation charge per unit for the cormndor in question. It 1s measured in
Bs per ton

u 1s the value of the commodity True market value per unit, measured in Bs per ton

t 15 the total travel time from ornigin to destination. This should include the termunal
times and times for access and egress from a line haul mode such as a railhead. It 1s
measured in the same umts used for T Thus, if T refers to tons per year, the travel
time t 1s measured 1n years {or fractions of years).

d(t) s the fracton of commodity that will be lost during a time period t It is a dimen-
sionless fraction
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k is a capital carrying cost It is analogous to the interest rate It should be measured
in percentage pomnts, referring to the same time period used for T Thus, n this
case, 1t 1s the annual interest rate

h is the handling cost for shipment orders It i1s a one-time cost for a shipment Here
it 1s assumed to be independent of shupment size Thus it 1S measured sumply in Bs
per shipment

w  1s the warehousing cost The cost of storing one unit of commodity for one unit of
time, 1t 1S measured n Bs per ton per year.

S 1s the stock-cut cost This 1s calculated by deterrmimung the alternative form of ship-
ment for emergencies, which will occur when a regular shipment 1s delayed The
alternative shipment cost for mimimum shipment size 1s recommended as a measure
for this variable It 1s measured in Bs per shipment

E(n) 1s a number that reflects the rehiability of a proposed technoiogy It 1s to be exo-
genously estimated, preferably using qualitative judgment rather than complex quan-
titative analysis It 1s the number of tumes per vear shipments are expected to be
delayed or canceled

The cost model thus defined should be constructed for each of the alternatives identified
as relevant choices 1n the corridor and for the commodity 1 quesuon Once this 1s done, 1t 1s
possible to proceed to a mode choice model, where some raticnal rule of choice will be apphed.

The mode choice model is described next.

5. MODE CHOICE MODELS

The purpose of a mode choice model 1s to estimate the selection of mode alternauve on
the basis of a predetermuned decision ruie The decision rule takes into account the measures
of performance of each alternative, such as the total cost, and applies to it a selection rule that
represents the policy objectives behund the analysis. In this case, the measure of performance
1s the total generalized logistics transportation cost C(T) as defined in the previous chapter In
any given situation, a corridor 1s given and a commodity flow for a particular commodity type 1s
known A set of alternative technologies 1s identified and the values of C(T) are estimated for
each. The mode choice model will then be used to assign or ajlocate the commodities to the

ajternatives according to some rule.
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There are two fundamentally different approaches to mode allocation that can be apphed
in corridor analysis The first 1s an optimization approach and always attempts to allocate com-
modities to transportation system facilities in such a way as to mumimize the total transportation
costs The other 1s the equilibrium approach which attempts to simulate market behavior where
every shipper allocates commodities to modes according to indrvidual cost munimuization objec-
tives In general, these two result in different allocations at the corridor level, the selection of
which model to apply 1s & matter of analysis policy and should be consistent with the way other

analyses are done in National Transportation Planning
Optinuzanon Model

This mode 1s simply a scheme to allocate each bundle of commodities to the alternative
that has the lowest value of C(T) When the commodities of transportation are independent of
the flow quantities, T, the solution 1s a relatively trivial solution referred to as the all-or-nothing
assignment. This, of course, is an unrealistic condition and 1t 1s rarely a good model of trans-

portation

When, on the other hand, total transportation cost on any alternative 1s not independent
of its traffic flow, then a more complicated model would be necessary to implement the optirmi-
zation process In the sirnplest and most common form, 1t 1s usual to assume that the transpor-
tation cost functions are linear n the sense that average costs are constant and independent of
traffic flow In this case, the allocation of commodity flows to the alternative is done by a hinear
programming model with the objective function of mimimuzing total system cost Since the total
traffic on any alternative mode system 1s composed of the sum of traffic of the different com-
modities assigned to that mode, a modification of the conventional hnear programming formu-

lation 1s necessary in order to allow a realistic calculation of transportation costs

Let there be I alternatives (1 = 1,2,...,I) and J commodities § = 1,2,....J) Let T, be the
flow of commodity j on mode 1, and C, be the average transportation cost per unit of flow of
comrmodity j on mode 1 With C,, assumed constant, we can obtain a2 simple linear program-

mung formulation for the allocation of flows to modes.
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mmmze 3, ¥ C, T,
r

subject 0 3. T, = T,

T, > 0 where T, is the given corndor demand for commodity j transportation When the
average transportation cost C,, 1s not fixed but dependent on the total flow T, on an alternative

technology 1, then the program i1s modified to read

mmmize 3, 9 C, T, T,
] J

subject o 3. T, = T,

and C, 7, = f,(7,) which imphes that the cost-flow relationship for a mode 1, f,(T)), s to be

determ:ned and proven a priori.

Linear programmung solutions for mode allocation have bzen used commonly in practice.
In some corndor analyses they may be appropriate models of traffic esumation, but that
depends very much on the policy context within which they are apphed This issue is discussed

later on n the report.
Equilibrium Mode!

The equilibrium model of mode selection departs from the assumption of optimization
and apphes a different selection rule In the optimuzation mode! the assumption is that mode
selection occurs according to a global rule that the total system cost i1s to be mimimized, and
that the rule is implementable in the real situation This means that some central authority is
1 a posiuon to allocate flows to modes in order to optimize the total system in the corndor.
The equilibrium model, on the other hand, takes the position that no such global rule 1s imple-

mentable, and that each shipper, or group of shippers, attempts to opumize itS own
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transportation system. which 1s only a subsystem of the total Equilibrium 1s achieved in the
total system, when no shippers, or groups of shippers, can improve their condition by shifting
the ailocation of flows among modes This occurs when the average costs on all mode alterna-

tives are equal in the whole system

In the situation where average costs are fixed and independent of flow, the solutions of
both the optimization and the equilibrium models are 1dentical they both result in the trivial
case where all flows are assigned to the mode with the lowest average transportation cost for
each commodity type In the more realistic situation where average costs are dependent on
traffic flow, the equibibrium model assumes a more complicated form The model will, in this
case, assign flows to modes until the equihbrium critenion 1s achieved, namely until all modes
have equal average costs Depending on the nature of the cost-flow relationship used, an
appropriate algorithm 1s usually designed to perform this allocation This 1s simuilar to the apphi-
cation of equilibrium analysis 1n traffic assignment The most commonly used algorithm 1s the
so-called incremental assignment algonithm in which traffic flows are assigned gradually to the

system alternatives A simple flow chart explains this method

a  Calculate the zero-flow costs on all alternatives C,; (O)

b Assign a proportion (e.g., 10 percent) of the flows to the mummum alternative for
each commodity

¢.  Recalculate the costs on the alternative subsystems with the flows assigned in step b

d.  Assign the next increment (e.g , additional 10 percent) to the munimum cost alterna-
tive for each commodity using the recomputed costs.

¢.  Repeat steps b and d untl all flows are assigned.

Note that the equilibrium allocation method will result 1n a distnibution of commodities
among alternatives The solution 1s not an all-or-nothing solution, for each commodity type,
different proportions are transported on each of the mode alternatives available in the corridor
The above algorithm should be easily programmable on a computer system and should be rela-

uvely straightforward to implement. The important thing is to have on hand average cost
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functions for each alternative and community, C,,( 7,), in order to permit the computation of

step ¢
Stochastic Model of Choce

In the two previous models 1t 1s an implied assumption that the cost functions are well
known and understood by the shipping decision makers, whether individual shippers or a cen-
tral authonty It i1s possible to relax this assumption and to postulate that the cost functions are
perceived differently by different users, or on different occasions when the shipping decision is
being made Alternatively, 1t 1s impossible to postulate that the allocation rules are appiied
nearly consistently all the ume, but not always perfectly consistently These postulates result in
formulating the allocation model 1n a stochastic way The most common method 1s to assume
that the cost functions themselves C,, (7,) are random funcuons made of the deterministic
component that 1s measured according to the analysis described earlier, and a stochastic random
component representing the variability in the manner by which measured costs are percerved,

or are used in a selection ruie
sC, (1)) C, (T,)) + e,

where
SC refers to a stochastic cost

e, refers to a random variable with some distributional characteristics

The assumption of the stochastic allocation method s that SC,,(T,) rather than C,(T,) 1s the
criterion for allocation of flows tc mode alternatives. Depending on the distnibutional assump-
tions made for the stochastic components of the cost function, specific formulations of the
choice model resuit. The simplest and most common method 1s the logit method which results
in the following allocation rule-

eV(u)

PU - ZeV(u)
i

(13)

where
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P 1s the proportion of all flows of commodity j that are allocated to mode alternative

L

'./

V(y) s a choice function related directly to the cost function developed 1n the earhier
sections In this apphlication it 1s appropriate to use the deterministic component
of the cost funcuon for the model In other words V(y) = C, (7))

This model resuits from assuming that the stochastic components ¢, are all independent
and identically distributed random variables with a Gmbell distribution It has the advantages

of simplicity and ease of calculation

In stochastic modeling of choice, 1t ts common to assume linear cost functions, 1 e, con-
stant average costs C,, In the model of equation it 1s then appropriate to use the determimstic
average cost as the V() choice function, with the result that

ec”
P,= T (14)

e

f

The logit model results from making some simphifying assumptions regarding the distribu-
tional characteristics ofvthe e, terms Most importantly they are assumed independent of the
choices This mmplies that the randomness in the perception of mode attributes are 1ndependent
among modes If 1t is desirable to change this assumption because mode alternatives are known
to have similar characteristics, and attributes that mught vary simultaneously, then 1t 1s possible
to modify the choice model and replace the logit formulation by a probit formulation where the
randorn terms are assumed to have a multivariate normal distribution with correlations between
mode alternatives This normally results in a complication of the model used in the procedures
used for its application It 1s suggested that at the corndor level the simpler logit model be
apphied for mode selectton. Computer routines are simple for the logit model Some already

are available although 1t mught be desirable to develop one specifically for use 1n the corridor

analysis of the National Transportation Plan

Note that stochastic modeling 1s an equilibrium formulation. The assumption 1s that each
shipper, or group of shippers, is attempting to murumuze costs, but that the costs are perceived

in a random fashion, hence there is a distribution of flows among modes.
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6. CORRIDOR MODE SELECTION PROCESS

This section 15 deveted to the discussion of the process within which the models suggested
in the report are to be applhied. As mentioned earlier, mode selection, whether 1t be in a corri-
dor context, or 1n an urban transportation context, is a process that extends well beyond the
economuc comparison of costs, regardiess of how well and how inclusively these costs are
defined It 1s a planning and management process, and as such has economic, as well as pohti-

cal, social, and practical aspects

As mentioned earlier 1n this report, the mode selection methodology proposed for use in
the National Transpoertation Plan consists of a number of major steps Once the cost functions
for each alternative are defined according to the logistics cost principle discussed earlier, the
specific model of choice to be used will depend on the rule that s to guide the selecnion of
technelogies Two possible rules are available, and the choice between them should be a matter
of policy determuned on a cornidor-by-cornidor basis The first 1s the normative rule in which
the allocation of commodities to modes 1s guided b;l the objective of mimimizing total cornidor
transportation costs As we saw earlier, this rule requires the apphlication of a liner program-
mng formulation The other rule that can be used ts the eguilibrium rule 1n whfch the mode
selection 1s a prediction of the behavior of individual or small groups of shippers No attempt
1S made 1n this case to optimize over the whole corridor system. The equilibrium model, which
can be implemented with a gradual assignment algorithm, becomes a prediction of shipper
behavior in the absence of ceniral control over the whole freight transportation system m the
cornidor Therefore, the choice between these two approaches 1s a matter of policy if central
control exists in the corridor 1n question, and for the commodity in question, then the optimi-
zation mode! is to be preferred, but if such a control does not occur then the predictive model
of equilibrium ts more suitable. The use of the predictive model does not rob planners or polt-
cymakers of the opportunity to exercise some normative control in the planning of the irans-
portation system Indeed, one can sull influence the choice of mode as predicted by an equili-

brium model by limiting the range of options available, or by influencing some aspect of the
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level of service of some technology For example, if for reasons apart from logtstics and cost
considerations, a particular mode 1s to be "favored” in the allocation of flows of some commo-
dity, then the levels of service of that mode can be influenced to achieve the resuit The
influences placed on the attributes should in this case reflect the types of policies that are
envisioned in order to encourage the use of that particular mode For example, 1If the govern-
ment wishes to use tax incentives to encourage the use of a particular form of transportation,

then this can be reflected by reducing the transport charges for that mode n the choice model
Stochastic versus Determnisiic Models

The user of a mode selection methodology has the choice between the determmustic and
the stochastic models presented in the previous chapters Optimization models with stochastic
components are rather complex and intractable Their use 1 practice has been limited to spe-
cialized applications In this case, 1t 1s recommended that if an optimization approach is
adopted, then a determunmistic model such as the one presented in this report should be used
Indeed, the idea behind the optimization model is that there is a central authority that exercises
control over the allocation of commodities to technologies of transportation on the basis of cost
and other considerations In such a case th; opportunities for random behavior are limited, and
the determunistic model 1s appropriate  On the other hand, if the market equlibrium approach
1s adopted, then 1n simulating shipper behavior there are strong arguments in favor of the sto-
chastic postulations Hence, one would then opt for the stochastic choice model If the oppor-
tunity 1s available for "calibrating" the choice models on the basis of data from the various corri-
dors 1ncluded 1n the National Transportation Plan, then the opportunity will exist for adapting
the choice model to reflect the specific aspects of the shupper behavior in those corridors This
can be done by allowing the choice model to have parameter values that can be determined on
the basis of the calibration process. If, on the other hand, calibration 1s not reahstic, then the

mode! without specific randomness parameters can be used The parameters of the model will

1n such a situation be determuined by comparison with other models applied 1n similar situations.
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It would therefore be imperative to determune at an early stage 1n the further develop-
ments of the model the extent to which available origin-destinauion flow data can be put to use

i calibraung specific parameter values for application 1n the National Transportation Plan
Limitations 10 Mode Choice Modeling

The models used in mode choice analysis are seen as tools that form a part of an overail
planning process In cornidor analysis, this process includes, in addition to such models, ana-
Iyses of technology opuons for development and evaluation of investment strategies and 1mple-
mentation programs As such, there are himitations to the extent to which the mode choice
methodology presented here can be used to obtain a definitive answer to the technology choice
questton In addition o the economic and operational considerations included in the model
presented here, there are numerous intangible, or unquantifiable, considerauons that enter into
this process As discussed earlier in thus chapter, the opportunity exists through exogenous
control of model variables to mtroduce some policy considerations favoring one modal aspect or
another, but such opportunities are limited at best, and could lead to arbitrary modifications of
models It 1s essential that the user of a methodology such as this one recogmize the limitations
of the quantitative analysis The proper place of the models presented here 1s withun an overall
corridor analysis process that includes technical and economic analyses as well as evaluation

procedures.

The important unguantifiable aspects of corndor mode selection include the developmen-
tal effects, social and political, of the modes implemented, as well as the secondary impacts that
mught result from the operation of these tramsportation technologies in the corridors in gues-
tton Defense considerations and environmental impacts are also important critenia for the
evaluation of transportation technologies Such an evaluation should occur at a much broader
level than that of the choice of mode for commodity shupments in a cornidor Other metho-
dologies are available for accomplishing some of this analysis In particular, multicritena
evaluation procedures can be used to evaluate some of the unquanufiable impacts and to assign

priority to technology choices





