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Methodology for Evaluating Freight
• Transportation Energy Contingency

Strategies
by Ian E. Harrington* and Fred L. Mannering**

ABSTRACT

THE POTENTIAL impacts of a petro-
leum supply disruption on theU. S.

freight transportation system can be
severe, as suggested by the relatively
mild disruptions of 1973-4 and 1979.
This paper is concerned with the evalu-
ation of freight transportation energ3r
contingency strategies which can be im-
plemented in times of petroleum supply
disruptions to minimize the resulting
adverse system-wide impacts. Specifi-
cally, a methodology is presented where-
by potentially viable contingency stra-
tegies can be screened (evaluated) with
regard to their ability to mitigate the
impacts of forecasted petroleum supply
disruptions. The methodology, which
-utilizes disaggregate freight demand
models, has been developed with con-
siderable flexibility to permit evaluation.
of a wide range of contingency strate-
gies under various levels of petroleum
supply disruption. In this paper, the
methodology is applied to forecast the
effects of a 23% petroleum supply short-
-fall, thereby providing the reader with
some idea as to the level of forecasting
detail and the potential applications of
the proposed methodology and resulting
'computer model.

-INTRODUCTION

The dependence of the U.S. freight
transportation system upon petroleum
means that it will face dramatic in-
creases in operating costs during a pe-
troleum supply shortfall. Actions car-
riers can take in response to this prob
lem include improving the fuel efficien-
cy of their operations and increasing the
rates they charge for their services. In
order to maximize profits, they can be
expected to concentrate on improving
-the energy efficiency of their operations,
thus maintaining as much of their busi-
ness as possible, and raising their rates
-to meet the increased operational costs.

*Senior Transportation Planner, Cen-
tral Transportation Planning Staff, Bos-
-ton, MA.

**Research Assistant, Department of
eCivil Engineering, Massachusetts Insti-
lute of Technology, Cambridge, MA.

Since the carriers they must use for
transporting their goods and materials
are taking such actions, and consumer
demand is altered by the petroleum
shortfall, shippers would face the com-
bination of increased production costs,
reduced levels of transportation service,
increased transportation costs, and re-
ductions in the demand for their prod-
ucts in such a situation. Actions they
can take in response include 1) reduc-
ing the quantity of goods and materials
they ship, 2) reducing the lengths of
haul on their shipments, 3) increasing
the sizes of their shipments, and 4)
changing the mode used in transporting
their shipments. In order to maximize
their profits, shippers will likely attempt
to minimize their total costs through
some combination of the last three of
the alternative actions.
This situation is illustrated in an ag-

gregate nature by Figure 1. If carrier
supply and shipper demand functions
are represented by So and Do, respec-
tively, carriers will provide qo units 9f
transportation service and shippers will
pay them Po per unit under a pre-short-
fall competitive market. However, the
increase in petroleum prices under shor-
fall conditions leads to a reduction in
the shippers' demand for transportatipn
from Do to Di. At the same time, in-
creased operating costs force carriers to
cut their supply of transportation frorp
So to Si, thus resulting in a new equi-
librium of qi units at price pi in an en-
vironment free from price controls.

The magnitude of such price increases
and service reductions is largely a func-
tion of the shortfall magnitude. While
the 1973-4 and 1979 supply shortfalls
reached maximums of only about 14 and
7 percent on a nationwide basis, respec-
tively, several carriers, notably the own-
er-operator truckers, experienced difficul-
ty obtaining the fuel they needed and
voiced their displeasure with high fuel
prices and governmental contingency ac-
tions (for example, the 55-mph speed
limit and delayed rate increases). Simi-
larly, shippers registered complaints up-
on the granting of what they felt were
excessive rate increases by the Inter-
state Commerce Commission.

If such problems arose under short-
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EFFECTS OF SUPPLY SHORTFALLS AND CONTINGENCY
STRATEGIES UPON TRANSPORT SUPPLY AND RATES
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falls which were relatively mild, corn-
Pared to the calamitous supply disrup-
tions which are conceivable under pres-
ent circumstances, the freight transpor-
tation system would likely be subjected
to major service limitations, price in-
creases, and service level - reductions.
Therefore, carriers and shippers could
Well benefit from contingency strategies
Which lower operating costs (and thus—
see Fig. 1—shift carriers' supply from
S1 to S,)) and reduce the demand for
transport (reducing demand from Di to
1)2), and, as a result, lower the unit
cost of transportation (from Pi to P2)
as well as increasing the amount of
transport service (from qi to q2).
This paper thus presents, in summary

form, a methodology that can be used
1/1 the screening (preliminary evalua-
tion) of contingency strategies which
Inay be called for in order to remedy
these effects. The evaluation framework
for this methodology is summarized in
the first section, while the procedures
for estimating the impacts of supply
Shortfalls and contingency strategies are
discussed in the second and fourth sec-
tions, respectively. Results of applying
this methodology to a 23 percent supply
Shortfall scenario are discussed in the
third section, and the paper is closed
'with a brief summary of the work.

1. SCREENING METHODOLOGY
FRAMEWORK

The screening of potential emergency
energy conservation strategies should
consist mainly of the preliminary eval-
uation of the costs, benefits and feasibil-
ity of strategy implementation. Since
such strategy impacts are largely a
function of the effects of the underlying
petroleum supply shortfall, an analysis
of the effects of the shortfall must pre-
cede and be consistent with any analysis
of strategy costs and benefits. Whereas
the benefits and costs of strategy imple-
mentation include changes in the quan-
tity and distribution of tons, ton-miles,
fuel consumption, and costs by commod-
ity group and mode of transport, these
factors should be included in the genera-
tion of the shortfall base case.
In order to estimate these changes

with a satisfactory level of accuracy,
the analysis procedure must simulate
the freight transportation decision-mak-
ing process. Chiang et al (Ref. 1) iden-
tify the firm receiving the shipment as
the basic decision-making unit. In the
short run, these decisions are limited to
the transport mode, shipment size, and
shipment origin (or length of haul).
Since the most significant problems re-
sulting from an energy emergency are
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likely to be fairly short term phenomena,
the methodology of analysis used in this
study simulates the effects of the short-
falls and strategies upon this decision-
making process.
The shipper's logical objective is to

minimize the sum of the logistics costs
given the levels of service and rates of-
fered by the carriers which could feas-
ibly transport the shipment. Therefore,
the analysis must be capable, for each
shipment, of estimating the levels of
service and rates corresponding to each

carrier/shipment size combination and
how they will be altered by the supplY
shortfall and contingency strategy im-
plementation. Since the shortfall induced
changes in level of service and increases
in rates can vary dramatically among
carriers, the total logistics costs of a
shipment may well be minimized by a
change in carrier or shipment size.
The process for performing the an-

alysis of transportation and distribu-
tional impacts is outlined in Figure •
Changes in production levels are esti-

-

PROCEDURE FOR ANALYSIS OF TRANSPORTATION AND
DISTRIBUTIONAL IMPACTS OF CONTINGENCY STRATEGIES

Pre-Shortfall Base Case

Shortfall Effects
on Production Levels

Shortfall Effects on
Transportation Costs
and Levels of Service

Shipment Size/Modal Choice Simulation

Effect of Changes in
Transport Costs and
Levels of Service on
Production Levels

Shortfall Base Case

Effects of Strategy
on Transportation Costs
and Levels of Service

Analysis of Impacts of
Supply Shortfall

Effect of Changes in
Transport Costs and Levels
of Service on Production Levels

Shipment Size/Modal Choice Simulation

Characteristics of U.S. Freight Trans-
portation after Strategy Implementation

Analysis of Transportation and 1Distributional Impacts of Strategy

FIGURE 2
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mated by commodity sector, while level
of service and cost changes are esti-
mated by mode and commodity sector.
In addition to these changes, several

Other contingency strategy character-
istics must be considered in their evalu-
ation. First, secondary economic impacts
(i.e., employment) and the predictability
of of the impacts should play a ma-
jor role in the implementation decision
Process, as a large shortfall will likely
Produce a catastrophic economic cli-
mate, so any strategy which might lead
to additional negative effects would not
be desirable.
Secondly, financial constraints during

such economically difficult times neces-
sitate a minimization of implementation
expenditures, while the likely rapid and
dramatic rise in costs would favor stra-
tegies which could be implemented
quickly. Finally, the strategy must be
enforceable and free from any political
or physical barriers which would pre-
vent implementation.
These additional evaluation dimensions

are difficult, if not impossible, to quan-
tify. Therefore, several qualitative com-
Ponents will have to be undertaken in
onjunction with the quantitative anal-
Ysis methodology presented in Figure 2.
One possible means of using these an-
alyses in selecting contingency strate-
gies for implementation is to compare
the effects of its implementation with
the problems posed by the correspond-
ing shortfall scenario. Since the ship-
pers and carriers hurt most by the short-
fall will have the greatest need for help,
a strategy which is expected to better
counteract the problems posed by the
supply shortfall should, all else being
equal, be favored.
The application of the analysis pro-

cedures summarized in Figure 2 to a
supply shortfall and to contingency
strategies is discussed in the next two
sections and in the final section.

2. SELECTION OF MODELING
APPROACH

, In selecting the modeling approach to
°e used in this study, three aspects of
the.problem must be considered: 1) the
clioice of model type, 2) choice of spe-
cific model within the chosen type, and
)formulation or selection of an appro-

Priate data base from which modeling
forecasts can be made.
The choice of model type must be

made in light of the forecasting require-
1/lents of the modeling system. In order
to evaluate freight energy contingency
strategies, it is desirable to forecast
„changes in the demand for fuel, tons,
‘°/1-miles, logistics costs, and transpor-

tation costs by commodity sector and
mode. To achieve these forecasting re-
quirements three general modeling ap-
proaches can be considered: 1) aggre-
gate, 2) disaggregate deterministic and
3) disaggregate probabilistic.
Aggregate freight models continue to

be the most widely used freight demand
forecasting technique. Their popularity
arises from their relatively small data
requirements and the fact that they are
well known to most researchers and
have been extensively applied in many
non-freight subject areas such as pas-
senger transportation, macroeconomic
analysis and land use. Essentially, four
major aggregate modeling approaches
can be identified: 1) regression analysis,
2) econometric models including simul-
taneous equation systems, 3) input-out-
put models and 4) economic base stud-
ies. Although these four alternative
aggregate approaches cover a wide range
of techniques that address the freight
demand issue, they were not considered
to be appropriate for the analysis of
freight contingency strategies due to
their general lack of theoretical valid-
ity. their insensitivity to level of serv-
ice changes, and their dependency on
the data base with which they were cali-
brated.

Given the deficiencies of aggregate
approaches, it became apparent that
some disaggregate modeling techniques
would be preferred. The class of disag-
gregate deterministic models (Ref. 12)
provides a theoretically appealing ap-
proach to the modeling of freight de-
mand in that individual firms are
viewed as exercising a logistics strate-
gy that minimizes purchase and logis-
tics cost given the level of inputs re-
quired for production processes.

This minimization is achieved by the
selection of purchasing origin of inputs,
shipment size, and transport mode. Such
models provide a great level of detail
in that a wide variety of level of serv-
ice attributes can be considered in the
logistics cost function, and commodity
flows by mode can be readily estimated
by aggregation of individual firm choic-
es. Howevef, disaggregate determinis-
tic models suffer from drawbacks relat-
ing to the large data requirements as-
sociated with disaggregation to the firm
level and the assumption that each firm
acts optimally, not taking information
on the firm's actual origin/mode/ship-
ment size choices into account.
In recognition of the optimality as-

sumption of deterministic disaggregate
approaches, probabilistic disaggregate
freight models were developed. Such
models again view the individual firm as
the decision making unit attempting to
minimize a logistics cost function, but
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in this case a random component is add-
ed to the logistics cost function to ac-
count for the omission of unobservable
cost components, measurement error,
and other possible sources of error. If it
is assumed that the random component
is independently and identically Gumbell
distributed, the resulting model can be
formulated in the standard logit form
as described in Ref. 13. Chiang et al
(Ref. 1) have calibrated such a model,
using maximum likelihood techniques,
based on the actual observed origin/
mode/shipment size preferences of the
firms in a data base primarily based on
the 1972 Census of Transportation Com-
modity Survey.

Given the intent of the current study,
this disaggregate probabilistic model
was adopted as the core model to the
freight demand modeling system, with
modifications to include the option of
the water mode. Since this model re-
quires disaggregate data on 1) firm an-
nual use rates, 2) modal fuel and oper-
ating costs, 3) commodity purchase
price, shelf life, length of haul, and
value, 4) modal wait times, circuity,
travel time reliabilities, mean transport
times, energy intensities, claim settle
time, and percentage of goods lost or
damaged, and due to the unavailability
of a current disaggregate data source
that contains the detail of inputs re-
quired in the disaggregate model, it was
necessary to develop a simulated data
base constructed from up-to-date aggre-
gate data and distributional information
from earlier disaggregate samples.

In constructing this data base, the
methodology proposed by Mannering
and Harrington (Ref. 14), which em-
ploys the use of constructed probability
density functions and Monte Carlo simu-
lation techniques to create a sample of
input attributes, was applied in conjunc-
tion with a series of updated regression
models that were calibrated to predict
disaggregate level freight rates, per-
centage of goods lost or damaged, mean
travel times, and travel time reliabili-
ties. (These regression models are de-
scribed in detail in Ref. 5). The result-
ing simulated data base is sufficiently
detailed to permit application of the
modified disaggregate probabilistic mod-
el. Moreover, the fact that this proba-
bilistic model includes a large number
of transport level of service character-
istics makes it quite suitable to the
evaluation of freight energy contingen-
cy strategies.

3. ESTIMATED EFFECTS OF A 23
PERCENT SUPPLY SHORTFALL

The first step of this process, which
Figure 2 identifies to be the estimation

of the petroleum supply shortfall ef-
fects on sectoral production levels, was
performed by Argonne National Labora-
tory excluding consideration of the ef-
fects of the shortfall-induced freight
transportation cost increases (Ref. 2)•
Referring back to Figure 1, these re-
sults indicate the distribution of freight,
shipments and fuel demand at price P
and quantity q'. Therefore, in order to
characterize freight transport under
supply shortfall equilibrium (p1, qi), the
effects of changes in transport costs
and levels of service upon sectoral pro-
duction levels and the distribution of
freight transport demand is estimated
through a modeling system based on the
disaggregate mode/shipment size model
developed by Chiang et al discussed
above.
For each of a number of "pseudo'

firms' within each commodity sector,
the modeling system (NAFDEM) gener-
ates estimates of the firm's annual use
rate2 of the shipped good and various
shipment attributes (density, value,.
length of haul, and liquid, solid, or gTs-
eous state) from appropriate probabilitY
distributions.3 A shipment size is ..e-
lected for each of twelve mode/ship-
ment size combinations at random from
within specified weight ranges, and the
modal lengths of haul are calculated
from modal circuity estimates (Ref. 4).
The travel time, service reliabilitY,

probability of loss and damage, and
rate expected for each of the twelve al-
ternative shipments are then estimated
from models presented in References
5-8.5 Upon application of the estimated
service, shipment, and firm attributes t9
the functions presented in Reference
the utility realized by a shipper is tes 1-
mated as a function of the transporta-
tion costs, capital carrying costs, order
costs, shipment loss in value, annual use
rate, shipment value, and length of haul
associated with each movement.
Adjustments must be made, howevert

in the utility functions in order to ac-
count for changes in freight transporta-
tion over the time since the model Was
calibrated. Therefore, the constant term. 5
for all twelve of the mode/shipment size
options are adjusted following an itera-
tion procedure proposed by Harrington
and Mannering (Ref. 9).
The pre-shortfall probability of se-

lection of mode/shipment size combina-
tion i by pseudo firm k within commod-
ity sector j (Plik) is then estimated ys-
ing the standard logit formula, which
leads to estimates of the pre-shortfall
levels of sectoral logistics costs (Lqik)
and mode/shipment size ton-miles
(TMii), with
LC = .1S.,(:SpuicLCiik(hk) (1Y

K
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k PijkQjkdnjk
TAIii =   TM (2)

PijkQjkdnjk
ink

Where Qik represents firm k's annual use
rate of commodity j, d equals the ship-
//lent's length of haul, and n indicates
the mode (instead of mode/shipment
size combination).
Effects of the supply shortfall upon

sectoral output and the distribution of
t°n-miles are then forecast through ap-
Propriately adjusting the rate models
t,c, reflect the impacts of the fuel price
Increase. While the average increase in
Ihe rates charged by a mode is assumed
;(3 equal the increase in modal fuel costs,
10nger haul shipments will experience
Proportionally larger increases due to
the greater significance of fuel costs on
such movements. Therefore, the rate
niodels are altered to reflect this pat-
:tern, with the length of haul coefficients
ln these models assumed to vary in pro
Portion to the variable costs realized in
the movement of each shipment. The
Constant coefficients in the rate models
are then adjusted so that the predicted
rate increase for a shipment with meanales for all of the sectoral attributes
!s equal to the corresponding increase
In fuel costs. Applying these revised rate
itn°dels to each shipment, the change in
jansport costs faced by each firm (from
41'ik to R'jk) is estimated as a weighted
average of the rates charged on individ-
ual shipments.
The effects of these changes in trans-

port costs upon the sectoral production
levels are then estimated using elasticity
estimates based upon an earlier study
(4 the relationships between sectoral
?utPut and transportation efficiency
kllef. 10). While the proportional chang-
,e,s in sectoral outputs are presented in

t study for changes in rail and truck
ejficieney, the simulation model used in
L'flis analysis requires an estimate of the
ProPortional changes in sectoral output
ag the result of a change in the costs

the modes of transport actually used.
uch an elasticity is estimated by asung estimated output responses
° changes in modal efficiency are pro-
Mrtional to the corresponding modal
illiare of sectoral output. As a result,
e sectoral output elasticity (Zj) is es-

4_L rnated as a weighted average of th 
observations of modal responsive-

The dramatic rise in transportation
sts brought about by such a largestiortfall would make such costs a more

:Ignificant portion of a firm's operat-
'11g costs, so firms will be made signifi-
eantlY more sensitive to transport cost

changes in the studied scenario. Assum-
ing the elasticities will double during
the 23 percent shortfall scenario yields
reasonable results, so such elasticity es-
timates are used to estimate the change
in a firm's annual use rate (from Qjk to
Q'jk), with

R' (1/ (1—Zi))
jk Zj

(rik = Qjk) .
RjkQjk (3)

The resultant changes in the utili-
ties realized by each pseudo firm from
selecting each of the twelve mode/ship-
ment size options are then estimated by
applying the revised rates and outputs
to the appropriate terms in the firm's
utility function. The revised probabili-
ties of selecting each mode/shipment
size combination are then estimated us-
ing the standard incremental logit model
form.

After applying this procedure to a
sample of twenty-five "pseudo" firms
within each of thirty-seven commodity
sectors, the results are aggregated to
the sectoral and modal levels to indicate
the expected changes in costs, ton-miles,
and fuel consumption. Modal fuel esti-
mates are generated by multiplying the
estimated number of ton-miles by the
estimated energy intensity of transport
for each mode/shipment size combina-
tion presented in References 2,4, and 11.
Following this procedure, the effects

of a 23 percent supply shortfall are es-
timated for the second quarter of 1982.
The consumption of diesel fuel is ex-
pected to fall by about 20 percent with
such a shortfall, and the macro-economic
changes in industrial output are expect-
ed to reduce the fuel demand by about
1.7 percent (Ref. 2), so transportation
rates are expected to lead to about an.
18.3 percent reduction in freight trans-
port fuel consumption. Such a cutback
in consumption is realized with a fuel
price increase from $1.30 to $6.50.
While this estimate does seem to be

quite high, there are three evident ex-
planations for such an extreme price
rise. First, this model operates solely
upon the prices faced by the carriers
and shippers and fails to take into ac-
count the reductions in real incom 
which would accompany such a short-
fall. If it was possible to include a meas-
urement of such an effect, the price in-
crease would be less significant.

Second, the model which served as a,
basis for estimation of the macro-eco-
nomic effects of the supply shortfall as-
sumes that a significant portion of the
revenues realized from the windfall
profits tax is returned to consumers,
thus greatly reducing the fall in real
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income and its effects on the demand
for freight transportation before the
freight rate increases are taken into ac-
count. Such an increase in the macro-
economic effects would reduce the cut
in demand which is needed solely from
transport cost increases.

Finally, modal service levels were as-
sumed to be unchanged in this scenario.
While this does seem to be an unrea-
sonable assumption, it was made due to
the inability to forecast how modal
service levels will change during a
shortfall and in order to present a true
"do-nothing" scenario from the carrier
standpoint. Therefore, the price increas-
es to achieve the designated fuel con-
sumption reduction would likely be sig-
nificantly smaller if numerous likely re-
ductions in service levels were included.
The results of the shortfall scenario

analysis are summarized in Table 1. Out-
side of the pipeline mode, water traffic
is cut by the least, air traffic is cut

TABLE 1

CHANGE IN TON-MILES BY
MODE/SHIPMENT SIZE COMBINATION

(1982-Second Quarter-23% Supply
Shortfall)

Rail Forwarder
TOFC
Carload
Multiple Carload

Total Rail
LTL
TL
Private Truck-LTL
Private Truck-TL

Total Truck
Independent

Shipment
Container
Charter

Total Air
Water
Pipeline
Grand Total

Due
Solely to
Transport

Costs

-16.6%
-18.2%
-15.9%
-20.5%

-18.1%
-20.7%
-20.5%
-24.0%
-21.9%

-21.3%

- 6.6%
- 8.9%
- 9.3%

Overall
Shortfall
Effects*

-20.7%
-22.2%
-20.1%
-24.4%

-22.2%
-23.4%
-23.2%
-26.5%
-24.5%

-23.9%

- 8.5%
-10.8%
-11.2%

*These estimates assume the modal changes due
solely to the shortfall macroeconomic effects are
distributed among the shipment size options in
the same relative manner as estimated for the
transport costs.

somewhat, and the demand for trucy
transportation falls the most. In addi-
tion, there is a general shift to increased
shipment sizes, as firms find such a
change to be advantageous since the as-
sociated rate reductions serve to offset
the dramatic rate increases induced bY
the shortfall. However, this shift is not

as substantial as could be expected since
the reduction in sectoral outputs make
the non-transport logistics cost increas-
es associated with larger shipment
sizes a much more significant factor.
While total logistics costs are re-

duced by about 4 percent, the ton-miles
of service provided is cut by over 10
percent, so the shippers actually expe-
rience about a 7 percent increase in lo-
gistics costs per ton-mile of transport
These reductions in ton-miles vary tre-
mendously among commodity sector.s,
with the construction; rubber and mis-
cellaneous plastics products; fabricated
metal products; and motor vehicles and
equipment sectors all suffering greater

than 30 percent cuts in ton-miles.
The carriers and especially a number

of the shippers would therefore greatlY
benefit from the implementation of a
number of effective contingency strate-
gies. The modeling system can also be
used to simulate the effect of a null"'
her of strategies upon the distribution
of freight transport costs and demands.

4. CONTINGENCY STRATEGY
EVALUATION PROCEDURE

The simulation model described in the
preceding sections of this paper is struc-
tured such that a wide range of freight
energy contingency strategies can be
readily evaluated. The procedure for tile
evaluation of contingency strategies is
to 1) estimate the changes in modal
level of service and transport cost asso-
ciated with implementing the strategY
and 2) using these estimates in the nificl-
eling system to forecast resultant .irn-

pacts on the distribution of ton miles,
fuel consumption by mode/shipment
size combinations, and sectoral outpu.ts•
In estimating the effects of contin-

gency strategies on modal level of serv-
ice and transport costs, it is necessarY
to concentrate on the effects such sti:a-
tegies will have on individual firm logis-
tics costs and commodity use rates. The
impacts on logistics costs can be aC

counted for by establishinx the cont
gency strategy's effects on shipmn''
travel times, service reliability, servlce
frequency, operational costs, energY
tensities by mode/shipment size Corn
binations, and firm commodity use rates.

Once these effects have been established'
the logistics costs for each firm are re-
vised to reflect the impacts of the stra-
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tegy, and the modeling system can be
applied to forecast resultant changes in
such factors as mode/shipment size se-
lection probabilities and distributions of
freight flows. The forecasts of the se-
lected contingency strategy's impact on
the overall freight transportation system
can then be determined readily from
the aggregation of the forecasted im-
Pacts on the freight shipping behavior
of the assessed individual firms.

To provide some idea as to the type
co! contingency strategy that may be con-
sidered for evaluation in the modeling
system, examples are presented and clas-
sified into those that reduce the demand
for fuel by increasing system or vehi-
cle efficiency. Strategies aimed at in-
creasing system efficiency include in-
creasing load factors (consolidating
shipments or relaying truck size and
\'',:eight restrictions). reducing conges-
tion (terminal satelliting or avoiding
Peak hour operations), increasing use of
intermodal operations, reducing total
hauling distances (through circuity re-
durticns), and increased use of the most
Ffilcient vahicles. Meanwhile. vehicle ef-
fisieney may be increased through ac-
tions such as the adaptation of available
technologies, impro ved maintenance,
driver training, and traveling at more
efficient speeds. All of the preceding
strategies can be represented and eval-
uated in the modeling system using the
general firm level approach described
above,

5- SUMMARY AND CONCLUSIONS

This paper presents a modeling meth-
odology that has been developed for the
evaluation of the effects of petroleum
supply shortfalls and subsequent ener-
gY contingency strategies upon the de-
1P. and for freight transportation and
190 consumption by mode, shipment
slize, and commodity sector. The meth-
°u°10g'v is based on a disaggregate
Probabilistic model of shipper choice of
ode and shipment size which accounts

IOr a wide range of shipper logistics
costs. This disaggregate choice model is
u.sed in conjunction with a variety of
silnulation techniques that are used to
Minimize costs and to provide detailed
forecasts.
The sample application forecasts the
,consequences of a 23% petroleum short-
4,Thall during the second quarter of 1982.
ihe results of this application indicated
Op. expected decline in the total tonnage
snipped, in response to higher fuel rates
and the lower demand for goods in gen-
„era', along with significant modal shifts
'olvards the more circuitous modes of
Water and rail. Forecasts of impacts of

this type, which can be analyzed in great
depth due to the high level of forecast-
ing detail provided by the model, can
serve as a basis from which national
and individual firm freight related poli-
cies can be formulated in response to
petroleum supply disruptions.
In conclusion, the forecasting of

freight demand under petroleum short-
falls and energy contingency strategies
is a difficult task. The modeling method-
ology presented in this paper, although
limited to some extent by possible inac-
curacies arising from the use of simu-
lated data, provides a reasonably com-
prehensive and accurate approach to ac-
complish this task. Moreover, the use of
simulation procedures, although poten-
tially limiting accuracy, greatly reduces
the costs associated with applying the
model, and therefore, forecasts of the
wide range of areas that influence
freight transportation can be made at
very modest user time and computer
costs.
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FOOTNOTES

1 The firms are referred to as "pseudo” firms
since their attributes are synthesized from proba-
bility distributions.
2 The number of pounds of the specified good

or material used per year by the shipper.
3 Shipment attributes and annual use rates

are respectively based upon the data presented
in Reference 3 and a version of the data base
used for calibrating this model in Reference 1
which has been adjusted to reflect changes in
sectoral outputs over the elapsed time period.
4 The weit-,,ht ranges are those specified within

Reference 9.
5 Details concerning these models, input data,

and NAFDEM are presented in Reference 9.
6 The water mode utility function is assumed

to differ from the multiple carload utility func-
tion by only a constant term.
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