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Energy Shortfalls and Peak-Hour Transit Capacity 

Problems: The 1979 Experience 
DANIEL K. BOYLE AND JEFFREY R. CANTINE 

Effects of the 1979 energy shortfall on peak-hour transit capacity are analyzed. 
A short survey was sent to 102 t ransit operators in 100 urbanized areas 
throughout the United States; of these, 45 responses were received from 44 
urbanized areas. The extent to which peak-hour capacity problems were ere· 
ated or heightened in the spring and summer of 1979, actions selected for 
1979, the effectiveness and cost of those actions, implementation problems, 
and transit operators' recommendations for future crises of this nature are 
documented. Results indicate that systems in the Northeast and in urbanized 
areas with a population of more than 250,000 were most affected in terms of 
peak-hour capacity problems. The actions most often taken were relaxing 
informal operating standards, increasing park-and·ride or express bus services, 
using a reserve fleet of buses, changing maintenance practices, and encouraging 
programs for variable work hours. Changing operating standards is an excellent 
first move to make while other actions are being considered. Problems most 
often concerned finance, maintenance, personnel, and time requirements. The 
most effective actions tended to be the most costly. 

Previous work on the effects of energy supply on 
transit has indicated that ridership increases sig
nificantly during energy shortfalls. Much of this 
increase appears to be focused in the peak hour, 
when most transl t systems are already operating at 
or neac capacity. This poses obvious problems for 
transit operators. The surge i n demand not only 
comes at the time of day when the operator is least 
able to handle it but is also temporary, because 
ridership is significantly above normal only for the 
duration of the shortfall. 

There is little information available concerning 
the response of transit operators to emergency situ
ations when there is a surge in demand for transit 
services, particularly peak-hour service. There
fore, as part of a study concerning rapid increases 
in transit capacity, transit operators in the United 
States were surveyed to determine · the extent of ca
pacity problems during the 1979 energy shortfall. 
Operators were also questioned about the effective
ness and cost of actions carried out in 1979, prob
lems encountered, and recommendations for future 
energy shortfalls. 

In this paper the extent to which peak-period 
transit capacity problems were hightened by the 1979 
crisis and the responses of transit operators to 
these problems are documented . A sample of 68 tran
s it operators in 66 urbanized areas, used in a pre
vious study on transit ridership changes during the 
1979 energy shortfall (1), was augmented with 34 
other systems chosen by -stratified random sampling 
techniques to yield an overall sample representative 
with respect to urbanized area size and system loca
tion. Where appropriate in very large cities, more 
than one operator was surveyed. Of the 102 surveys 
distributed, a total of 45 responses from 44 urban-

Table 1. Response rates of transit operators by urbanized 
area size. 

Urbanized Area Size 

ized areas were received. In Tables 1 and 2 re
sponse rates are broken down by region and size 
(~). It may be seen that the lowest response rates 
were for systems in very small urbanized areas, 
whereas systems in very large and medium-sized ur
banized areas had the highest response rates. Con
sequently, systems in urbanized areas with more than 
250,000 population are somewhat overrepresented in 
this sample and systems in smaller urbanized areas 
are underrepresented. 

PEAK CAPACITY PROBLEMS 

The results of the survey indicate that the 1979 
energy cr1s1s made peak-period transit capacity 
problems worse foe certain systems. Survey results 
are presented in Table 3. Systems in medium-sized 
urbanized areas consistently reported capacity prob
lems, whereas systems in smaller urbanized areas 
generally did not experience problems. If a divi
sion is made at a population of 250,000, 74 percent 
of systems in urbanized areas with more than 250,000 
population experienced a worsening of peak capacity 
problems, whereas only 33 percent of systems in 
small urbanized areas reported such problems. In 
every region, systems in larger urbanized areas ex
perienced more problems than systems in smaller ur
banized areas. The Northeast reported the most 
problems, and the South had the least. 

The conclusions to be drawn are that systems in 
small and very small urbanized areas and southern 
systems did not generally experience capacity prob
lems in 1979. These pcoblems were most prevalent on 
systems in urbanized areas with more than 250,000 
population and on systems in the Northeast. 

These conclusions contrast with previous work on 
transit capacity (]), which indicated that very 
large and very small systems would be least able to 
cope with capacity problems brought on by an energy 
er is is and that systems in the Northeast and the 
South would not have the excess capacity available 
to handle increased demand in ~ crisis. The results 
here show that systems in very small urbanized areas 
and southern systems experienced few capacity
related problems in 1979 and that not only very 
large systems but systems in urbanized areas of more 
than 250, 000 (medium to very large) had problems. 
Both these results and those of the previous study 
agree on the extent of capacity-related problems in 
the Northeast. One possible reason for the discrep
ancy concerning southern systems is that the short
fall was relatively minor in southern urbanized 
areas contained in the sample <!.>· 

U.S. Urbanized 
Areas with 
Transit Surveys Sent Surveys Received 

Response 
No. Percent No. Percent No. Percent Rate(%) 

Very large(> 1,000,000) 25 9.6 14 13 .7 10 22.2 71.4 
Large (500,000-1,000,000) 21 8.1 12 11.8 6 13.3 50.0 
Medium (250,000-500,000) 35 13 .5 12 11.8 8 17.8 66.7 
Small (100,000-250,000) 96 36.9 34 33 .3 13 28.9 38 .2 
Very small (50 ,000-100,000) ~ 31.9 ...l.Q 29.4 ....§. 17.8 26 .7 

Total 260 102 45 44.1 

Note: Data are from UMTA. 
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ACTIONS T~.¥.EN ! N 1 979 

The survey form listed 10 possible capacity-expand
ing actions and asked operators to indicate whether 
the action was taken, to rank its effectiveness on a 
scale of 1 to 4 (1 ~ ineffective and 4 = effective) , 
and to estimate actual daily capacity increase and 
actual daily cost. A separate set of questions 
elicited similar information on variable work hours; 
because the cost of this action is generally not 
borne by the operator, the cost question was omitted 
for variable work hours. The results of this part 
of the survey are presented in Tables 4-7. In Table 
4 the frequency of implementation, effectiveness, 
and cost of actions are considered, and in Tables 
5-7 a breakdown of actions taken by system size and 
region is provided. Regional differences were not 
pronounced. Systems in very smafl urbanized areas 
took few actions because they generally reported no 
problems. Interestingly, systems in very large ur
banized areas rarely increased park-and-ride or ex-

U.S. Urbanized 
Areas with Surveys 
Transit Surveys Sent Received 

Response 
Region• No. Percent No. Percent No . Percent Rate(%) 

Northeast 52 20.0 22 21.6 12 26.7 54.S 
South 93 35.8 36 35.3 14 31.1 38 .9 
North 74 28.5 28 27.5 13 28.9 46.4 
Central 

West ...i!. 15.8 -1.Q 15.7 ....2.... 13.3 37 .S 
Total 260 102 45 44.1 

Note: Data are from UMTA. 
8 Region definitions are based on U.S. Census divisions. 
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operated fully developed park-and-ride and express 
service. 

From Table 4 it may be seen that relaxing in
formal operating standards, increasing park-and-ride 
and express service, bringing retired buses back 
into service, readjusting maintenance practices, and 
encouraging variable work hours were the actions 
most often taken in 1979. The other actions listed 
in Table 4 were rarely taken. 

Table 4 also gives the averages and ranges of ef
fectiveness (rated on a scale of 1 to 4), percentage 
of capacity increase, and daily cost. In responding 
to the survey, some operators gave an absolute in
crease in seat capacity: this was converted to a 
percentage increase by finding the peak-hour vehicle 
requirement for the system Cl (early 1980 was the 
closest date for which the information was avail
able) I and assuming 45 seats per bus. It must be 
notea that many operators were unable to provide 
figures on capacity increase and cost. In Table 4 
the number of responses from which average capacity 
increases and costs were computed is indicated. 

Relaxing informal operating standards (basically 
a do-nothing option) was generally effective and low 
in cost, 
Northeast 

although 
and in 

it seemed less effective in the 
large and very large urbanized 

areas. Increasing park~and-ride and express service 
was also generally effective but high in cost. 
Bringing retired buses back into service was moder
ately effective and had a high cost. Readjusting 
maintenance practices resulted in low benefits and 
high cost. Variable work hours were ranked low on 
the effectiveness scale but seemed to produce moder
ate shifts in demand out of the peak. Among actions 
rai:ely taken, speeding up the procurement of buses 
resulted in high benefits, but only two systems were 
able to do this in 1979. Similarly, only in one 
system was the use of school buses attempted 1 sig
nificant costs were reported. 

Table 3. Number of systems reporting peak-period capacity problems as a result of 1979 energy crisis . 

Northeast South North Central West All Regions 

No. No. No. No. No. 
No. with Without No. with Without No. with Without No. with Without No. with Without 

Urbanized Area Size Problems Problems Problems Problems Problems Problems Problems Problems Problems Problems 

> 1,000,000 3 1 I 1 1 1 2 0 7 3 
500,000-1,000,000 0 1 1 1 2 0 I 0 4 2 
:l5U,UUU-5UU,UUU 3 0 2 I 2 0 0 0 7 1 
100,000-250,000 1 1 1 5 2 2 1 0 5 8 
50,000 100,000 1. Q Q .l Q l. Q .l ..1... ....2... 

Total 9 3 5 9 7 6 4 2 25 20 

Table 4. Number, effectiveness, and cost of actions taken in 1979. 

No. of C3paoity Inoroooe (%) Daily Cost ( $) 
Systems Percentage Effectiveness• 
Taking of No. of No. of 

Action Action Response Range Avg Responses Range Avg Responses Range Avg 

Relax informal operating standards 17 37.8 1-4 2.9 7 0-27 9.6 6 0-300 so 
Increase park-and-ride and express service 12 26.7 2-4 2.9 5 2-30 10.4 3 800-7,000 4,267 
Bring retired buses out of storage 9 20.0 2-4 3.0 6 1-10 5.2 4 100~ ,ooob l ,243b 
Offer variable work hours 9 20.0 1-3 2.1 5 0-18 7.6 b 
Readjust maintenance practices 8 17.8 1-3 2.5 6 1-10 5.0 4 40-5,000 1,710 
Reassign buses 3 6.7 2-4 2.7 0 NA 0 NA 
T10: " h :-;_,lr ~"!"': £ ~ 

Speed up bus procurement 2 4.4 4.0 1 15 .0 0 NA 
Lease school buses 1 2.2 3.0 I 3.0 1 2,860 
Initiate fare differential 0 0 2.0< 0 0 
Lease private buses 0 0 1.0< 0 0 

aOn scale of 1 to 4 (1 =ineffective, 4 = effective). bNo costs assumed. cEstimated. 
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Table 5. Number of systems taking specific actions in 1979 and average of effectiveness ratings by size of urbanized area . 

More than 
1,000,000 

Avg 

500,000 to 
1,000,000 

Avg 

250,000 to 
500,000 

Avg 

100,000 to 
250,000 

Avg 

50,000 to 
100,000 

Avg 

All Systems 

Action No. Effectiveness" No. Effectiveness• No. Effectiveness• No: Effectiveness• No. Effectiveness• No. 
Avg 
Effectiveness• 

Bring retired buses out of 
storage 

Readjust maintenance 
practices 

Turn back buses 2 
Reassign buses 2 
Lease school buses 1 
Lease private buses 
Increase park-and-ride and 2 

express service 
Relax informal operating 
standards 

Speed up bus procure
ment 

Initiate fare differential 
Offer variable work hours 

6 

3.0 

2.3 

2.5 
2.0 
3.0 

3.0 

2 .5 

3.0 

2 

2 

2 

4.0 3 

3 .0 2 

0 
2.7 3 

2.5 

4.0 

0 
1.5 4 

3.0 3.0 2.0 9 3.0 

3.0 2 2.0 8 2.5 

3.0 3 2.7 
4.0 3 2.7 

I.Ob 
1 3.0 
0 i.ob 

3.0 4 3.0 12 2.9 

3.5 4 3.3 17 2.9 

2 4.0 

2.0b 0 2.0 
2.3 2 2.0 9 2.1 

3 0n scale of 1 to 4 (1 =ineffective, 4 = effective). bEstimated effectiveness ; action not taken. 

Table 6. Number of systems taking specific actions in 1979 and average of effectiveness ratings by geographical region . 

Northeast South North Central West All Systems 

Avg Avg Avg Avg Avg 
Action No . Effectiveness• No . Effectiveness• No. Effectiveness• No. Effectiveness• No. Effectiveness• 

Bring retired buses out of storage 3 3.5 2 2.0 4 3.0 9 3.0 
Readjust maintenance practices 2 2.5 3 2.7 2 2 .0 3.0 8 2.5 
Turn back buses 2 3.0 1 2.0 3 2.7 
Reassign buses 2 3.0 2.0 3 2.7 
Lease school buses 3.0 1 3.0 
Lease private buses 0 1.ob 0 I.Ob 
Increase park-and-ride and express service 2 3.0 3 3.0 5 3.0 2 2.5 12 2.9 
Relax informal operating standards 6 2.6 4 3.0 4 3.0 3 3.3 17 2.9 
Speed up bus procurement 1 4.0 1 4.0 2 4.0 
Initiate fare differential 0 2.ob 0 2.0b 
Offer variable work hours 3.0 2.0 4 1.8 3 2.3 9 2.1 

80n scale of 1 to 4 (1 =ineffective, 4 =effective). bEstimated effectiveness; action not taken. 

IMPLEMENTATION PROBLEMS 

Several problems arose when transit operators at
tempted to carry out capacity-increasing actions. 
Financial considerations were emphasized in the op
erators' comments: Either there was no working cap
ital available or the marginal cost of the option 
exceeded the marginal revenue. Personnel and union 
problems were also prevalent. New personnel hired 
during the crisis were often reported unsatisfac
tory. A shortage of qualified mechanics was noted, 
and drivers' unions occasionally objected to certain 
actions. Small operators generally put as many ve
hicles as possible into service as a standard prac
tice and so were particularly vulnerable to peak ca
pacity problems in a crisis. Some large operators 
experienced serious problems with the physical con
dition of the existing fleet and so were saddled 
with high spare ratios. These were the major prob
lems noted along with obvious concerns as to fuel 
and fleet storage and fuel supply. 

One operator indicated that although s everal 
actions were taken during 1979, there were no long
term solutions among the options. This may be be
cause no way has yet been found to reduce the inef
ficiencies inherent in the operation of transit 
systems with such pronounced peaking characteris
tics. In this view, crises do not cause capacity 
problems: they only magnify the severity of the ex
isting problems. 

Unique circumstances sometim~s prevented peak 
capacity problems from becoming worse. One system 
reported no true peak period, whereas another re
ported that its peak was unrelated to work travel. 
A series of fare increases counterbalanced the in
creased demand resulting from the energy shortfall 
on one system. And a system near the u.s.-canadian 
border reported little shift to transit because 
motorists found low pr ices and plentiful gasoline 
across the border. 

In general, implementation problems most fre
quently involved finance, maintenance, and person
nel. The most common reasons for not carrying out 
proposed actions were financial barriers and long 
lead times. 

OPERATOR RECOMMENDATIONS 

From their experiences in 1979, transit operators 
were asked to recommend actions to be taken in a 
future energy crisis. Table 8 ranks actions by fre
quency of recommendation and compares the number of 
times an action has been recommended with the number 
of times it was actually put into operation in 
1979. Reassigning buses and initiating a differen
tial between peak and off-peak fares were recom
mended significantly more often than they were ac
tually put into operation. The time frame and a 
lack of preparation may explain why a fare differen
tial was not instituted more often. Small-scale ac-
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Table 7. Increase in peak-period capacity and daily cost associated with 
capacity-expanding options. 

Area Size and 
Option Region• 

Bring retired buses out of storage VI NE 
VL NC 
M NE 
M NE 
M NC 
vs s 

Avg 

Readjust maintenance practices VL NE 
VL s 
L w 
M s 
M NC 
s s 

Avg 

Turn back buses VL NE 
Lease school buses VL s 
Increase park-and-ride and express L w 

service M NE 
M s 
M NC 
s s 

Avg 

Relax informal operating standards VL s 
VL w 
L w 
M NE 
M s 
M s 
M NC 
s NE 
s w 

Avg 

Offer v:1rfahle work hours 1 NC 
L w 
M NE 
M NC 
M NC 

Avg 

Speed up bus procurement L w 

Capacity 
Increase 
(%) 

6 
5 
1 
6 
10 
3 
5.2 

10 
6 
5 
7 
5 

4 
3 
3 
2 
10 
30 
7 
10,4 

NA 
N.A. 
10 
0 
10 
0 
10 
10 
27 
9.6 

0 
5 
18 
10 
5 
7.6 

15 

Cost($) 

NA 
NA 
270 
1,600 
3,000 
100 
1,243 

40 
600 
NA 
NA 
l.200 
5,000 
1,710 

240 
2,860 
NA 
800 
NA 
7,000 
5,000 
4,267 

0 
0 
NA 
0 
NA 
0 
300 
0 
NA 
50 

NA 

Note: Where capacity increase was not given as e percentage but as a number of addi
tional seats, 45 seats per bus were assumed and the peak-hour vehicle requirement (2) 
was used to compute the base. -
3 

Area sizes and regions are as follows: V L, very large; L, le.rge; M, medium; S, small; 
VS, very small; NE, Northeast; S, South; NC, North Central; W, West. 

tions related to operations, such as reassigning 
buses, may be more appealing given the current 
fiscal state of transit. Variable work hours, 
ranked fifth among actions taken, is most often rec
ommended. Again, operators may feel that now there 
is time to develop a program of variable work hours. 

The most dramatic differences between actions 
taken and actions recommended involve increasing 
park-and-ride and express service and relaxing in
formal operating standards 1 both were taken in 1979 
far more often than they were recommended for a fu
ture crisis. This is puzzling at first glance, be
cause Table 4 indicated that both actions were rated 
as moderately effective. However, increasing park
and-ride and express services was the most expensive 
actioni the cost may well have discouraged operators 
f,fom · recommending it. Relaxing informal operating 
standards is a default option, taken if nothing else 
is done. Although operators may have been forced to 
relax operating standards in 1979 because of a lack 
of preparedness, financial difficulties, or other 
reasons, their reluctance to recommend doing this 
ina1cates an awareness tnat riaers w111 not tolerate 
overcrowded conditions for long. The list of recom
mendations in Table 8 also indicates the most desir
able actions in the absence of time constraints, be
cause the recommendations presume that necessary 
preparations can be made. 
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Table 8. Actions recommended for future energy crises. 

Action 

No. of Systems 
Recommending 
Action 

Offer variable work hours 7 
Bring retired buses out of storage 7 
Readjust maintenance practices 6 
Reassign buses 6 
Initiate fare differential 6 
Turn back buses 5 
Increase park-and-ride and express service 3 
Lease school buses 2 
Relax informal operating standards 1 
Speed up bus procurement 1 
Lease private buses 1 

Table 9. Summary of actions most often taken in 1979. 

Action 

Relax informal operating standards 
Increase park-and-ride and express service 
Bring retired buses out of storage 
Readjust maintenance practices 
Encourage variable work hours 

aFor operator. 

SUMMARY OF SURVEY RESULTS 

Benefits 

High 
High 
Moderate 
Low 
Low 

No. of Systems 
Taking Action 
in 1979 

9 
9 
8 
3 
0 
3 

12 
1 

17 
2 
0 

Cost 

Low 
High 
High 
High 
None8 

A majority of systems in the sample reported that 
peak-hour capacity problems were created or worsened 
during the 1979 energy cr1s1s. Systems in the 
Northeast were most affected, whereas systems in the 
South reported few problems. Systems in urbanized 
areas with a population of more than 250,000 experi
enced more problems than did systems in small re
gions. Actions most often taken are listed in Table 
9 along with their general effectiveness and cost. 
It should be noted that despite its favorable rat
ings in Table 9, it was rarely recommended that op
erating standards be relaxedi presumably the de
creasP. in quality of service resulting from this 
option is considered tolerable only in the short 
term. Nevertheless, because operating standards can 
be changed immediately, it is an excellent first ac
tion to take while other actions are prepared to be 
carried out. 

Implementation problems most often concerned fi
nance, maintenance, personnel, and time require
ments. No consensus emerged regarding recom
mendations. 

The survey results provide information derived 
from the experience of transit operators in 1979 
concerning two factors of interest: the effective
ness of various capacity-increasing options and the 
distribution of capacity problems. The effective
ness of 1979 actions provides a basis for recommend
ing various packages or options for a future crisis 
(4), whereas the distribution of peak-hour capacity 
p-;oblems in 1979 indicates the extent to which the 
energy shortfall had a measurable effect on transit. 
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An Evaluation of Options for Freight Carriers 
During a Fuel Crisis 

LARRY R. JOHNSON AND CHRISTOPHER L. SARICKS 

Demand-reduction alternatives that carriers (truck, rail, air, and inland water
way) could logically adopt during a fuel emergency are examined and the 
fuel savings attributable to their use ore quontlfied . Opportunit ies fo r im · 
provemont ln fuel effi ciency may be classified as systemwlde (increasing load 
factors, reducing congost ion l or vehicle and operation specifi c (adapting avail· 
ablo technologies, Improving maintenance. changing o perating practices). 
Nevertheless, f ixed and variable nonfuel costs could increase such that, for a 
given alternative (e.g., phased advance-technology retrofit), the payback 
period could exceed the duration of any shortfall, and the investment thus 
would not be justified on the basis of the shortfall alone. Specific alterna
tives under each of the five general categories of fuel-efficiency improvement 
are considered for each mode and a percentage of reduction in fuel consump
tion is estimated based on reported effectiveness and the expected degree to 
which such measures would be adopted systemwlde. An aggregate estimate 
of petroleum savings (roughly 4 to 8 percent) was found to be attributable 
to demand-reduction alternatives that could be adopted by freight carriers 
without drastically curtailing service. Because carriers are moving toward 
improved fuel efficiency as an integral aspect of normal operations, the 
potential for reducing fuel demand will decline in the future. 

The two predominant features of the federal emer
gency planning for oil supply interruptions are (a) 
the intent to rely on the basic economic forces of 
supply and demand to allocate the scarce resource 
and (bl the use of the Strategic Petroleum Reserve 
(SPR) as the principal method to mitigate the ef
fects of an oil shortfall. Allowing the fuel price 
to rise during a shortfall more accurately reflects 
the value of the commodity, which permits consumers 
to make better-informed decisions concerning their 
use of a product in short supply. No false price 
signals regarding the severity of the shortage are 
given to the public, as would be the case with arbi
trarily controlled prices. The development and use 
of the SPR is regarded a national insurance policy 
in which stored oil can be substituted for imported 
(or domestic) oil the flow of which has been dis
rupted. 

In the freight transportation industry as a 
whole, energy contingency planning currently re
ceives little attention. Other more pressing prob
lems, such as the decline in traffic because of a 
poor economy, have been 
attention. Contingency 
the current availability 
reactivated in the event 

the focus of management's 
planning, especially with 
of fuel, is likely to be 
of a crisis. Wide varia-

tion, however, does exist. Some companies have ex
tensive energy management programs and not only have 
plans ready in the event of a fuel supply interrup
tion but have taken steps in their own self
interest, such as increasing their fuel storage ca-

pacity. In a more general way, most carriers have 
reacted to the higher fuel costs by purchasing more 
fuel-efficient· equipment, which in turn puts them in 
a more favorable position (compared with that a few 
years ago) in the event of a fuel shortfall. 

Conceptually, contingency planning for fre i ght 
carriers, whether explicitly stated or implicit in 
their operations, covers two time periods: before 
the shortfall and during the shortfall. 

Elements in planning before the shortfall include 

1. Purchasing fuel-saving equipment, 
2. Increasing fuel storage capacity and fuel 

stocks, 
3. Providing firm contractual arrangements for 

fuel supplies as well as alternative fuel suppliers, 
and 

4. Planning both the management functions and 
the technical requirements for an energy shortfall. 

Elements of a contingency plan that a company can 
invoke during a shortfall will depend on the magoi
tude and duration of the fuel interruption but will 
likely be taken in the order of increasing sever
ity. T·hose elements include 

1. Actions that necess i tate little or no in
crease in capital or operating expense, 

2. Actions that incur higher capital costs or 
increases in nonfuel operating expenses or both, and 

3. Actions that require significant capital ex
penditures and drastic operat ing changes that mark
edly affect the perceived q ual ity of service. 

CONSERV7>.TION OR CONTINGENCY PLANNING 

In identifying contingency actions, an important 
distinction should be maintained between contingency 
and conservation. Contingency actions, because of 
the immediate nature of the emergency situation, 
must be quickly instituted to be effective in reduc
ing the i mpact of an oil shortfall . Energy conser
vation, which also has as an o bjec t ive the reduction 
i n the demand for fuel, is oriented toward effi
ciency improvements that can be accomplished over 
the long term. Many of the contingency actions 
i dentified in this analysis could rightfully be 
called conservation and have, in varying degrees, 
b een instituted in the transpo·rtation industry. 
Under conditions of stable fuel prices and rela-
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ti\'el~' abundant fuel ~~onomic ana 
considerations may override energy concerns. During 
an energy shortfall, rapidly rising fuel prices and 
the lack of fuel availability become the driving 
forces that change a carrier's perception of the 
practicality of actions that could reduce fuel de
mand. For any actions that require an increase in 
capital or operating expense, the payback period be
comes shorter. Thus some contingency actions _can be 
considered a subset of conservation actions. 

FUEL DEMAND-REDUCTION ALTERNATIVES 

Fuel conservation activities in the freight trans
portation industry are well recognized. Before the 
1973 Arab oil embargo, fuel costs were a relatively 
minor expense for most carriers. Since then the 
steady increase in fuel priccc h;;io been ;;in impetu3 
for carriers to control expenses by reducing fuel 
use. More fuel-efficient motive power is being used 
to replace retired vehicles. Retrofit devices are 
being used to increase the efficiency of existing 
vehicles. Operating practices have been changed to 
reduce fuel consumption in both the line-haul and 
the local-access portions of the trip. 

Nevertheless, in the event of a fuel-supply in
terruption, the sudden and rapid rise in fuel price 
will dramatically affect the economics of freight 
transport. As fuel costs become an even larger por
tion of operating expense, capital and operating 
changes that in normal times would not be appealing 
will suddenly be considered workable options. In 
addition to high fuel prices, spot shortages 
throughout the country may exist for short periods 
of time in which fuel may not be available at any 
price. 

In general, the approach in this analysis was to 
estimate (a) the fuel-saving potential of a contin
gency response, (b) the percentage of participation 
that could be expected within the industry (consid
ering the extent to which the actions are already 
being used in conservation), and (c) the net reduc
tion in fuel demand that could be anticipated. The 
estimates are made at the aggregate level (e.g., for 
the entire trucking or rail industry). Wide varia
tions, however, may exist for individual carriers. 
The consequent effects that these contingency re
sponses have on a carrier's service (e.g., travel 
time) or nonfuel operating costs are qualitatively 
addressed. Statistical data do not exist for the 
number of carriers (or vehicles) within a particular 
industry that have adopted each of the conservation 
practices. As a result, estimating those parameters 
and the potential participation rates was done 
through numcrouo industry contacts. 

INCREASING THE LOAD FACTORS 

Freight transport is a service in which efficiency 
is often measured by the time taken to complete de
liveries. As a result, carriers often are not able 
to fully use the available capacity of their equip
m~nt. SPvPrAl fAGtnrR Gnntrihute to thi~, including 
commodities that require specialized equipment, un
balanced commodity flows, and size and weight re
strictions of the loads. Obviously, some empty 
mileage is unavoidable. However, if operating prac
tices are changed during a fuel shortfall to in
crease the percentage of capacity used (by reducing 
the number of trips needed), carriers will be able 
to transport, on an aggregate basis, the same ship
ments with less fuel. 

Truck Mode 

Truck loaded miles have been estimated by the Inter
state Commerce Commission (ICC) to be 80 percent 
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;.;hen meast.H·ed as vehicle miles a1id 73 peLceuL when 
calculated as capacity miles (.!_). Although empty 
vehicles and less-than-capacity travel cannot be 
completely eliminated, steps can be taken to improve 
vehicle utilization. Recent legislation, including 
the Motor Carrier Act of 1980 and the Surface Trans
portation Act of 1982, addressed some of the more 
acute problems of hauling inefficiencies such as 
size and weight limitations, gateway restrictions, 
and circuitous route provisions, and excessively re
strictive limitations on commodities transported and 
territories served were greatly eased. Also, the 
restrictions on intercorporate backhauling were sig
nificantly reduced. These actions should improve 
vehicle efficiency or utilization or both, in turn 
reducing the demand for fuel. 

In addition to these opportunities, moto.r carri
ers could improve their load factors by utilizing 
tractor-trailer matching programs for the return 
trips and reducing their service frequency. 

Computerized trailer-matching programs offer the 
potential for improving equipment utilization. In 
the trucking industry, a private company has pro
vided this service for 4 years. The current pro
gram, known as Extra Equipment Shipment Service 
(XESS), handles all phases of shipping, matching the 
freight on dock to available trailers and motive 
power. XESS combines two earlier programs--Computer 
Interchange Substitute Service (CISS) and Computer
Assisted Load Matching (CALM). Although the service 
is available to carriers, brokers, and truck manu
facturers, industry utilization is relatively low, 
perhaps because of a combination of factors, includ
ing fear of increased competition, initial reluc
tance to use the computer system, or lack of famili
arity with the program. However, with the system in 
place, it could easily be expanded during a crisis. 

During a fuel crisis, motor carriers are likely 
to find shippers more willing to consolidate their 
shipments in order to control their shipping costs. 
This in turn allows the carrier to reduce the fre
quency of service, beginning with the marginal ship
per, while increasing the load factor. Any reduc
t ion in empty mileage will still require improved 
information exchange and sufficient guarantees for 
both the consignor and the carrier concerning rates, 
delays, and insurance. Even so, reductions in empty 
mileage of 10 percent may be all that can be ex
pected without a drastic reduction in service fre
quency. [In the previously mentioned ICC study of 
empty truck miles it was indicated that 16.7 percent 
of the empty trucks in the sample could have been 
paired with similar emptier:: traveling ;;it the same 
time in the opposite direction but it was cautioned 
that the figure was not an accurate estimate of the 
potential savings.) With over-the-road fuel effi
ciency of an empty truck roughly twice that of a 
loaded truck, a 10 percent reduction in empty back
hauls could reduce energy demand by 1.6 percent. 

Air Mode 

In air transport, freight is shipped either in all
cargo aircraft or in the lower deck of passenger 
aircraft (belly freight). During a fuel crisis, 
belly freight service will be affected by carrier 
decisions relating to passenger flights, which is 
beyond the scope of this study. On a revenue basis, 
all-cargo aircraft carry 43 percent of the air 
freight ( 2) • The load factor for all-cargo flights 
has temai-;:;Pil ft=1irl~ ~nn~t-~nt- in TP,.eir.nt- ~reir.::irc ::it- l::l 

percent. The principal means that carriers have to 
increase load factors is to reduce flight frequency, 
a response that air carriers used during the previ
ous fuel crises. A reduction in average service 
frequency of 10 percent for all-cargo aircraft 
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should yield a 2 percent increase in overall average 
load factors (3). The variation in energy intensity 
by incremental- load factor would indicate a 1.6 per
cent reduction in average energy consumption. Re
duced service frequencies would also be expected to 
decrease operating costs. 

Rail Mode 

Reduction in service frequency will be an expected 
result of the economic slowdown during a petroleum 
shortfall; further reductions would affect the rail
ways' competitive position and are likely to be re
sisted unless all competing modes ace subject to the 
same pressures. This is improbable, given the gen
erally greater flexibility of the trucking industry, 
for example, to respond quickly to short-term 
changes in demand for service or fuel supply. 

Car and shipment matching programs, through which 
the pairing of shipments with available empty cars 
is facilitated by computer data banks, may become 
more workable as railroads' car-tracking procedures 
improve, but effective car management programs are 
barely beyond the embryonic stage even on the larg
est railroads. Perhaps the most promising way to 
increase average rail, freight load factors in a 
short-term fuel crisis is to reduce empty backhauls. 

A 10 percent reduction in empty backhauls ( 28 
percent of backhauls moving loaded rather than the 
current estimated 20 percent) would result in a net 
reduction of about 3 percent of average energy in
tensity for boxcar or gondola movements and a 2 per
cent reduction for piggyback movements. Net costs 
are reduced because revenues associated with the 
shipment of the additional loaded tonnage help off
set the costs of moving the cars. Wait times in
crease slightly because of the additional time 
required to locate the 10 percent loaded cars to 
complete train consist blocks formerly filled out 
with empties. 

Water Mode 

Little opportunity to achieve significant additional 
fuel savings is available to barge and push-tow op
erations by increasing load factors. One-way bulk 
commodity hauls are the mainstay of river transport, 
and self-propelled barges are rarely dispatched out
bound loaded at less than capacity. Ballast (empty) 
trips by these barges cannot be eliminated without 
substantial relocation of primary and secondary sec
toral activity nationwide. 

Fleet pooling of dumb (unpowered) barges is now 
practiced to some extent with the objective of shar
ing in the revenues of an outbound tow with avail
able capacity. This strategy incidentally reduces 
the number of tows operating at less-than-full com
plement and increases average load factors gener
ally. The average load factor for all inland water
way movements has not been directly computed because 
the waterway industry is unregulated and thus not 
subject to ICC reporting requirements. One estimate 
places the figure at 60 percent (~). Without addi
tional and possibly (to the carrier) costly port 
calls to locate loaded barges, it is unlikely that 
this figure can be increased and have carrier opera
tions remain profitable. Even so, gross tonnage per 
tow would only increase 10 to 20 percent for the 5 
percent of the tows likely to be involved. Thus, a 
maximum of 1 percent reduction in energy intensity 
is estimated for new activity in increasing load 
factors of waterway movements during a petroleum 
shortfall. 

REDUCING CONGESTION 

In a shortfall congestion may be reduced because 
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there will be less travel. However, peak-period 
congestion may increase if work schedules are con
solidated to meet transit and carpool schedules. 
Where severe capacity deficiencies exist, it is 
likely that only capital improvements can resolve 
the problem (e.g., reconstruction of highways and 
locks and dams). In such cases, the solution is be
yond the carrier's responsibility and beyond the 
time frame for contingency planning. Actions that 
the carrier could initiate, although difficult to 
quantify, should lead to changes in shipment time 
and operating costs. 

Truck Mode 

The long-haul portion of intercity truck travel 
would rarely be congested except for the portion 
that occurs during the morning and afternoon peak 
rush-hour periods in cities. Most of the conges
tion-induced delays are therefore likely to occur 
during the pickup-and-deli very (PUD) portion of the 
trip, which accounts for about 17 percent of the 
total mileage of intercity truck trips C.!l. How
ever, not all of the PUD travel is congested. Fur
thermore, most of the PUD travel involves only move
ment of local goods and services. PUD of intercity 
freight represents less than l percent of the stops 
and only 7 percent of the intracity mileage, al
though it accounts for 45 percent of the tonnage 
12>· In effect any actions taken to relieve conges
tion will have the most significant impacts on the 
industry for urban goods movement and concomitantly 
on urban passenger travel; less change will be expe
rienced by the intercity freight industry. 

Shifting the hours of truck operation could sig
nificantly improve fuel efficiency during the PUD 
portion of the trip. However, the overall savings 
for intercity truck fuel cons~mption is expected to 
be less than 0. 5 percent. The shift to avoid rush
hour traffic may in the process lengthen the total 
travel time for the mode. Little change would be 
expected in nonfuel operating costs due to offset
ting cost trends. Nighttime labor and terminal op
erating costs would increase, although the shift 
should result in more efficient utilization of 
equipment and personnel by spreading out the peak 
operations and thus perhaps even reducing daytime 
operating costs. However, the ability of a carrier 
to alter operating hours is constrained by labor 
contracts, the receiver's hours, and security con
siderations. 

Aic Mode 

The frequently noted congestion at airports primar
ily concerns passenger aircraft, scheduled for the 
convenience of the business traveler. Belly cargo 
is essentially captive to the passenger aircraft 
schedule; thus changes to relieve passenger conges
tion should work to the benefit of that portion of 
air freight. All-cargo aircraft generally operate 
when there is less congestion. To a large extent 
air freight operation avoids much of the congestion 
because it is a 24-hr/day service in which much of 
the handling occurs at night. Consequently, no fuel 
savings or fuel demand reduction is attributed to 
the emergency relief of congestion for air freight. 

Rail Mode 

Activities to reduce congestion in the rail system 
are applicable primarily to switchyard operations. 
Centralized traffic control helps to maximize the 
efficiency of trunk-line movements. In the yards 
the most important effect of congestion delays is 
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t:hP. increase in nonfu~l ope~ating cc.etg, chiefly 
labor (6). 

Energy efficiency of yard operations will in
crease rather than decrease as car management pro
grams improve, and modern yard operating proeedures 
stress minimization of engine idling time by switch
ers. Petroleum shortfalls are likely to bring about 
no net increase in the volume of cars handled by 
yards, and the expected economic downturn likely 
will mean a decrease in car throughput requirement. 
Centralization and modernization of railway yard op
erations are likely to continue irrespective of the 
threat of a reduction in petroleum supply. For 
these reasons, no extra reduction in fuel demand at
tributable to reduced congestion is assumed for rail 
freight operations. 

water Mode 

Congestion of traffic at locks has been cited as a 
problem by waterway carriers, but lock capacity and 
cycle time conatraints that give rise to such con
gestion are not susceptible to remedies short of 
major reconstruction. In reaches that occasionally 
become congested, improved radio communications 
could enhance the efficiency of push-tow movements, 
but regular coordination of movements among opera
tors would be necessary. Barge owners have indi
cated that fuel savings from such procedures would 
be negligible compared with the effect of reducing 
congestion at locks. Therefore, no reduction in 
fuel consumption is credited to this action. 

ADAPTING AVAILABLE TECHNOLOGIES 

The purchase of fuel-saving equipment by the various 
modal carriers has been accelerating since the 1973-
1974 oil embargo. In general, this is a conserva
tion not a contingenc? measure because it often in
volves a long-term, capital-intensive commitment to 
reducing fuel consumption. However, just as the 
conversion to fuel-saving technologies was spurred 
by rising fuel prices during the last decade, rap
idly increasing fuel prices during an energy short
fall can prompt the replacement of old equipment 
with fuel-efficient equipment at a faster rate than 
would have otherwise taken place. This accelerated 
replacement is again limited by the extensive con
servation actions that have already occurred. 

Truck Mode 

One of the most prominent conservation programs has 
been the Joint Induatry-Government Voluntary Truck 
and Bus Fuel Economy Improvement Proqram. Much of 
the program is devoted to new equipment purchases, 
some of which (e.g., high torque-rise diesel engines 
and power train modification) are clearly beyond the 
scope of short-range contingency measures because of 
the high costs involved. A few devices have a low 
enough cost (including quick installation) that a 
payback could be achieved during a fuel shortfall as 
energy prices rise. These devieel!I include temper
ature-controlled fans, aerodynamic devices, radial 
tires, and fuel heaters. 

The appearance of recent articles in trade publi
cations (7, 8) concerning ways to improve truck fuel 
economy i~dlcates that there is still room for fur
ther conservation and to a lesser extent contingency 
savings through the same actions. A rough estimate 
(provided by industry contacts) of the current ex-

______ ..._ - .I: 

l"" ..................... y.._ '-&l'C' 

trucking companies, representing about 70 percent of 
the total ton miles, are extensively utilizing the 
widely referenced conservation techniques. For con
tingency planning purposes, it is estimated that of 
the remaining 30 percent of ton miles, approximately 

Transportation Research Record 935 

20 to 40 pe~cent may be affected by the accelerat~a 
purchase of fuel-saving equipment during an energy 
emergency, for a participation rate of 6 to 12 per
cent. The fuel-saving potential of the devices is 
not additive, but if the maximum savings is esti
mated at 10 percent, the range of fuel demand reduc
tion is between 0.6 and 1.2 percent. Nonfuel oper
ating cost will increase with the purchase of the 
devices, but the relatively short payback period 
should limit the operating cost increases to 0.3 to 
0.6 percent, or half the rate of the fuel savings. 

Air Mode 

Discussions with knowledgeable people within the air 
freight industry have not identified any retrofit 
technologies that could be adapted during a short
term fuel crisis. Purchase of new fuel-efficient 
aircraft as replacement for older units, however, 
has been going on for some time and is one of the 
principal means that the airline industry is using 
to reduce their vulnerability to fuel shortages. 

Rail Mode 

Three types of devices or support systems, developed 
at least in part to limit the wasting of locomotive 
powe< and thus improve the utility of fuel consumed, 
are considered feasible here for addition to a rail
road's repertoire of fuel-stretching measures during 
a shortfall. Use of this equipment is already wide
spread among the carriers, but the planned rate of 
retirement of less-efficient devices still in use 
could be accelerated without intolerable costs being 
incurred. The most promising equipment includes 
fiberglass air filters, improved roller bearings and 
seals, and slippage control systems. 

Wasted heat is recovered aboard locomotives for 
crew service (compartment heating), but devices to 
convert wasted heat to useful propulsion remain at 
the test-bench stage of rail application. Little 
experimentation with such equipment in revenue oper
ations could be expected during a fuel shortfall. 
Based on the evaluations of the equipment described, 
railroad adaptation of available energy-efficient 
technology during a shortfall could result in fuel 
savings of up to 1.5 percent. 

Water Mode 

Propeller pitch and blade design (together with hull 
hydrodynamics) determine the amount of useful thrust 
that can be obtained by a tuy or self-propelled 
barge and thus thP qm1nt i t.y of fuel expended under 
way. Many of the newest self-propelled barges have 
been fitted with controllable-pitch propellers in 
order to achieve the opt i mum angle of attack1 under 
various channe l depth and flow conditions (~), but 
additional penetration of the fleet by such craft 
probably could not exceed 0. 5 percent during a pe
riod of shortfall. Retrofitting of these advanced 
propellers has not been explored by wate.rway carri
ers but would probably not be cost effective unless 
a vessel were already in drydock for a major over
haul. 

CHANGING MAINTENANCE PROCEDURES 

During a time of scarce fuel supplies, all facets of 
a carrier's operation should be reexamined for new 
.Lu.,i-:s«vin9 pcn:entoiai. 'l'nis 1ncJ.uaes a company's 
maintenance program. With the rising fuel prices 
during the 1970s, most companies oriented their 
maintenance programs toward improving their fleet's 
fuel efficiency; the larger companies used computer
ized systems for scheduling preventive maintenance. 
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Truck Mode 

Although preventive maintenance (PM) varies by com
pany, several large carriers perform their PM in
spection on their tractors after 25,000 miles (about 
30 to 60 days) at which time the air filters and oil 
filters are changed. At 100,000 miles engine oil 
and transmission fluid are changed and the differen
tial is greased. Obviously, a good PM program is 
required in order to maintain these service inter
vals. Consequently, little improvement could be an
ticipated during an emergency. Three types of main
tenance in which there may be some room left for 
improvement are 

1. Reducing exhaust back pressure, 
2. Maintaining proper tire pressure, and 
3. Using synthetic lubricants. 

Current estimates of improved vehicle maintenance 
indicate a fuel-saving potential of 1 to 3 percent 
per vehicle. Given that much of the trucking in
dustry already has good maintenance programs in 
place, the potential applicability of a change in 
maintenance procedures may be limited to 10 to 20 
percent of the industry: the fuel-saving potential 
for the industry as a whole may be less than 1 per
cent. 

Air Mode 

Extensive maintenance programs have been common in 
the airline industry for many years because of the 
obvious safety concerns. Rising fuel prices in re
cent years have been another reason for increased 
attention to airline maintenance procedures. The 
focus of the maintenance improvements has been on 
three parts of the aircraft: airframe, engine, and 
instruments. Significant deterioration of both en
gine and airframe normally occurs during the first 
two or three years of an aircraft's operation, re
sulting typically in a 3 percent decrease in fuel 
efficiency (10). With routine maintenance the fuel 
efficiency can be held relatively constant after 
that initial decline. It is doubtful, however, that 
a fuel shortfall would produce energy savings in 
airframe and instrument maintenance. 

Estimates of potential fuel savings from improved 
engine maintenance are about 3 to 5 percent: 10 to 
20 percent of full implementation has currently been 
achieved within the industry (11). However, tech
nological and cost constraints currently limit the 
detailing of cost-effective engine maintenance ac
tions. Current research on this problem, combined 
with rising fuel prices during a shortfall, could 
stimulate an overall improvement in fuel efficiency 
but probably one of less than 1 percent. 

Rail Mode 

Locomotives are almost never put in the shop for en
gine retuning unless a severe operational problem 
has been diagnosed. Layup and labor costs preclude 
putting locomotives in the shop at regular intervals 
simply to ensure that they are running at optimum 
fuel efficiency: such costs will almost always be 
greater than any savings in over-the-road opera
tions. However, some roads have adopted a 92-day 
inspection schedule for each locomotive, at which 
time engine performance is routinely checked. 
Again, the reduced demand for motive power during 
the economic downturn that is attendant to a petro
leum shortfall will permit railroads to mothball 
their less efficient engines for extended periods no 
matter what the regular maintenance schedule. Dur
ing a shortfall, all locomotives would be maintained 
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at least once under a 92-day schedule: the resulting 
average fuel savings would be 3 percent (12). For 
the perhaps 40 percent of total locomotives in ser
vice that are affected, a net reduction in energy 
intensity of 1.2 percent or less could be expected. 

Water Mode 

Reduction in ton-mile demand attributable to the 
economic impact of a petroleum shortfall could free 
excess motive power for drydock maintenance or out
right retirement in favor of more efficient craft. 
To some degree this has already occurred as a result 
of the cur rent recession and excess power is now 
available. On the assumption that even closer at
tention to engine tuning and performance monitoring 
would be feasible during a shortfall, a potential 
fuel saving of 0. 5 percent by waterway carriers is 
estimated for this activity. 

CHANGING OPERATING PRACTICES 

In a manner similar to the other fuel-saving catego
ries that have been described, increased attention 
to a carrier's operating practices is likely to oc
cur during a fuel shortfall. Again, r1s1ng fuel 
prices have prompted conservation along these lines, 
and it is likely that another crisis-induced fuel 
price increase would spur operational contingency 
efforts to reduce fuel consumption. 

One particular operating strategy that applies to 
all carriers, and thus need not be discussed for 
each mode, is the use of the most efficient vehicles 
in the fleet. To a large extent carriers have al
ready adopted this strategy. In the event of a fuel 
shortfall, the general economic decline would reduce 
the demand for freight transport so that excess mo
tive power would exist for each mode. Consequently, 
it is likely that carriers would continue to use 
their most efficient equipment; thus no additional 
reduction in fuel demand is attributed to this ac
tion. 

Truck Mode 

The key to fuel efficiency improvements in the ac
tual operation of a truck is the driver during nor
mal or fuel-crisis periods. Consequently a number 
of trucking companies have initiated fuel-conserva
tion programs that focus on the driver: teaching 
fuel-saving techniques, keeping accurate records, 
and rewarding the most fuel-efficient drivers. Al
though these programs are inc re as ing in frequency, 
they are not universal in the industry. Even the 
existence of a program does not ensure compliance. 
Drivers can make a significant difference in fuel 
consumption over two critical operating modes--speed 
and idle--which become an important focus of atten
tion during a fuel shortfall. 

Only a few states differentiate car and truck 
speeds when filing their quarterly speed-monitoring 
reports with FHWA. Data from four states (Illinois, 
Minnesota, North Carolina, and Michigan) indicate 
that for the past few years car and truck speeds 
have been fairly close for almost all highway func
tional groupings but that truck speeds in most cases 
are lower than car speeds. If these states can be 
taken as representative (and FHWA statistics have 
shown increasing national conformity and speeds re
cently declining in western states), the data show 
that 47 percent of the trucks exceeded 55 mph, 13 
percent exceeded 60 mph, and 2 percent exceeded 65 
mph. By using midpoint speeds and the fuel-saving 
potential of 2. 2 percent for each mile per hour 
above 55 (13), the maximum energy savings would be 
5. 3 percent-;- although a 50 percent compliance would 
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be more likely. Because these speeds would apply 
only to the line-haul portion of the trip, 83 per
cent of total intercity mileage (4), an estimated 
potential fuel savings of 2.2 p-;;rcent could be 
achieved with either increased voluntary adherence 
by drivers or increased enforcement of the posted 
speed limit. 

Engine idling at truck stops and terminals is a 
frequent occurrence, especially during the winter, 
to keep cabs warm or because of the difficulty in 
restarting a cold engine. Fuel heaters can solve 
the latter problem and cabs can be warmed within a 
few minutes after a restart. An indication of the 
magnitude of the problem is shown in a truck-stop 
survey in which 55 percent of the trucks were l eft 
with their engines idling on a 34°F day in February 
( 14) • No reliable estimates of the magnitude of 
wasted fuel due to idling have been found, but the 
amounts are likely to be significant for some oper
ators. 

Air Mode 

Although the airlines have achieved substantial im
provements in their fuel efficiencies, marginal 
fuel-saving actions may not have been carr i ed out 
because of consideration of other costs (especially 
labor) in providing their services. Rapidly rising 
costs of fuel during a shortfall or extremely dimin
ished supplies in some locations (short-term spot 
shortages) may result in more extensive use of some 
generally accepted conservation actions. Two con
cepts offer potential fuel savings in the event of a 
fuel shortfall. 

It is likely that all airlines have reduced the 
cruise speed for their jets, generally from a range 
of 0.82 to 0.85 Mach to a range of O.BO to 0.82 
Mach, depending on aircraft type. Nevertheless, be
cause of other operating costs, some airlines still 
use a cruise speed that is about 0.2 or 0.3 Mach 
above the long-range cruise point, because this min
imizes total operating costs. During a fuel short
fall, the demand for fuel may be reduced an addi
tional 1.0 percent by use of the optimum cruise 
speed. 

Air traffic control procedures require 1, 000 ft 
of vertical separation below a flight level of 
29,000 ft (FL 290) but 2,000 ft of separation above 
FL 290. Changing to a uniform 1,000-ft separation 
would double the capacity for flying at these eff i
cient altitudes and increase the probability that 
individual aircraft would be ab.le to fly at their 
most efficient altitude during congested periods 
(15). No quantifiable fuel savings have been roun~, 
but they are likely to be less than 0.5 percent. 

Rail Mode 

There appears to be strong concurrence throughout 
the rail industry that improvements in fuel inven
tory conti:o l will be the key to truly significant 
energy saving s in the future. The final disposition 
of up to 10 percent of rail fuel is unknown; prac
tices such as better fuel tracking after purchase, 
fuel storage security, automatic shutoff and spill
age control during refueling, spilled-fuel re
cycling, and fill metering could together save a 
railroad at least part of this 10 percent. Modern 
refueling equipment has penetrated the Class I car
riers extensively in recent years, but smaller roads 
are onJ.y now becoming active in fuel control and 
security. It is expected that during a shortfall 
the carriers responsible for 20 percent of the fuel 
purchased for rail operations could account for the 
disposition of an additional 5 percent of their ini
tial fuel inventory, whereas the carriers that buy 
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the remaining BO percent could introduce measures 
sufficient to account for an additional 2 percent. 
If it is assumed that 50 percent of unaccounted fuel 
is profitably used, this estimate results in a net 
saving of 1.3 percent industrywide. 

In the range of possible railway operational mod
ifications to save fuel, the six listed below would 
probably be initiated or expanded during a shortfall 
by roads not already using them. Most of these are 
already in place on Class I lines, but a margin does 
exist for further implementation. 

1. Reducing power in locomotive consists, 
2. Matching consist load to locomotive power 

requirements, 
3. Using helper engines at the more difficult 

grades, 
4. Disengaging parasitic loads (cooling systems 

and so on) when not in use, 
5. Eliminating unnecessary idling, 
6. Eliminating cabooses where feasible, and 
7. Traveling at more efficient speeds. 

The combined effect of all measures to improve 
rail operating practices for fuel effic i ency during 
a shortfall could provide a reduction in energy in
tensity of 5 percent. 

Water Mode 

Forward speed adjustment as a means to reduce fuel 
consumption is not tractable to ready analysis in 
the context of waterway transport. A study of 
least-energy use operation of river shipping that 
included a means to estimate the most energy-effi
cient speed through water under differing channel 
depths and current conditions for upstream and down
stream movement showed that the speed of minimum 
propulsion fuel consumption tends to be 3 to 5 mph 
less than the speed at which minimum total costs are 
achieved. That is, assigning the highest priority 
to the control of time-accrued costs such as crew 
wages, auxiliary fuel expense, food, depreciation, 
maintenance, and management may still be the key to 
profitability of an operation despite the high cost 
of fuel. As the author of the study remarks (16), 
"The easiest way to incur excessive cost is by going 
too slowly.• 

Although according to available information, tows 
and barges are currently operating on average 
slightly above the most fuel-efficient speeds for 
river operation (in discussions with the industry, 
midstream tow speed was reported to average 5 to 6 
mph downstream and slightly less upstream), the con
gestion problem at locks will continue to frustrate 
carriers' efforts to achieve a trade-off between 
time costs and fuel expenditure by smoothing out 
trip speed profiles. Nevertheless, the lock situa
tion provides an opportunity to cut 'wasteful fuel 
consumption at no additional cost. Some operations 
routinely throttle down when approaching a lock and 
run only enough engines to maintain steerage during 
intermediate delays. All engines may be shut down 
if extended waits are anticipated. These practices 
are already widespread; nevertheless, their adoption 
by all inland waterway operations could save an ad
ditional l to 2 percent of fuel. 

Pilot training for efficient operation has been 
explored since the mid-1970s, but no formal programs 
appear to be in place. As noted earlier. some oilot 
practices can be identical but produce quite dif
ferent results under apparently identical stream 
conditions, although the degree to which good pilots 
know the river does not always extend to uniform 
recognition of all the factors of wind and water 
that affect the translation of engine power to for-
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Figure 1. Comparison of effectiveness of contingency responses for freight 
transportation. 
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ward thrust. Therefore, a more formalized approach 
to pilot education with an emphasis on energy con
sciousness must be considered as an option by any 
waterway carrier seeking to assure the best use of 
available fuel supplies in a shortfall. Such train
ing is unlikely to have much payoff if it is not 
initiated until a shortfall occurs, but the addi
tional benefits of prior training might save the in
dustry up to 5 percent of normal fuel consumption if 
fuel cost as a percentage . of total operating costs 
reaches the likely shortfall level of 80 percent or 
more and if comparison with expected results from 
similar training programs in the rail industry is 
legitimate. (Up to 5 percent reduction in propul
sion-fuel consumption is attributed by many railway 
operations personnel to fuel-conscious education and 
training programs for enginemen and other train op
erations staff.) 

CONCLUSIONS 

The freight transportation industry has a maximum 
fuel demand reduction potential of about 4 to 8 per
cent, depending on the mode, without drastic cur
tailing of service. In Figure 1 the expected 
changes that each category of contingency responses 
could have for the various modes are summarized. 
Changing operating practices and increasing the load 
factors are the most significant options available 
for carriers to reduce their fuel demand during a 
fuel cr1s1s. However, only an extremely severe 
shortfall would precipitate a fuel use restriction 
of this magnitude, In addition, carriers will be
come more fuel efficient as the rising price of fuel 
causes companies to replace older vehicles with 
energy-efficient equipment and to continue to im
prove their operating practices. Consequently the 
potential for curtailing fuel demand in the future 
will be less than it is now, simply because the en
tire freight transportation system will have become 
more efficient. The benchmark of fuel consumption, 
against which savings can be measured, will have 
been lowered. 

On the other hand, the potential for enhancing 
the fuel supply during a shortfall is growing. The 
SPR has stored in excess of 250 million bbl of crude 
o i l--enough to displace a 10 percent shortfall for 6 
months if it were to be entirely drawn down. By the 
end of the decade an authorized level of 750 million 
bbl of storage should be reached. Private storage 
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(company-owned stocks) of fuel may again increase 
after the current recession has ended, providing a 
further hedge against a fuel-supply interruption. 
Fuel extenders, many of which are experimental, may 
be available for use should a shortfall occur sev
eral years in the future. Alcohol fuels can be used 
now, but the production capacity is low. 

In short the demand-reduction options are gen
erally less significant than the alternatives to en
hance the fuel supply, although both are important 
in developing a coordinated response to a sudden 
loss of fuel availability. 
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Evaluation of Management Measures to Reduce 

Gasoline Queues at Service Stations: 
A Simulation Approach 

A.G. HOBEi KA AND S.H. YOUNG 

An analytical simulation model is developed in this study to evaluate gas-line 
management measures during interruptions in fuel supply. In the model house· 
holds, vehicles, and service stations are assigned certain attributes to be com
patible with their real-world counterparts. Travel activities by vehicle are 
stratified by trip purpose and slmulated on a day-by-day basis. The next-event 
method is employed to simulate vehicle refilling activities, which takes a 
microdynamic view of the queueing system at service stations. A sensitivity 
analysis is conducted for two types of panic behavior during an energy crisis
topping off the tank and arriving early at the gas station. The results show that 
early arrivals lengthen the waiting time. To prevent this panic behavior, a so
called scattered-refill schedule is proposed. Three management measures are 
evaluated by the model to determine their effectiveness in reducing wait time 
per gallon of purchase under a hypothetical 20 percent supply interruption: 
the odd·even plan, m~ximum·rniriimum purchase requirements, and the pro
posed scattered-refill schedule. The results show that the maximum-minimum 
plan is an adequate one to prevent tank toppers and the scattered-refill sched
ule is an effective one to prevent early arrivals. The odd-even plan, although 
easier to put into effect, is not an effective gas-line management measure. 

During the 1973 and 1979 energy shortages, waiting 
in line to buy gasoline at service stations was one 
of the most serious problems that automobile users 
experienced (1). Many studies (1-5) have indicated 
that during the past two energy crises, increased 
waiting time in gasoline stations was used to ration 
the scarce fuel supplies. However, the gasoline 
queue is an inefficient gasoline market clearance 
mechanism. No one benefits from the use of re
sources employed in queues (2). 

When the queueing systems at gasoline stations 
are under energy supply restrictions, some users are 
affected by gasoline refilling needs, refilling 
times, and purchase limits in addition to the opera
tional features of the stations such as station 
hours and purchase requirements. 

The uncertainty about the future terms on which 
gasoline will be available brings a kind of specula
tive demand. However, the amount of gasoline that 
can be purchased in a gasoline station is limited by 
the capacity of the vehicle's tank. Regardless of 
the fuel level in the tank, automobile users tend to 
refill more frequently to maintain enough fuel for 
travel. This kind of tank-topping behavior, in 
which there is a high refilling point and small pur
chase size, causes an increased number of visits to 
gasoline stations. Thus, more time is spent to pur
chase the same amount of fuel than would be spent 
under normal conditions. 

The already short fuel supply augmented by panic 
buying behavior soon depletes the fuel at gasoline 
stations. Consequently, stations close earlier, 
which plays an important role in drive-up waiting 
lines at service stations during an energy crisis. 
For customers early closure of the gasoline station 
is a strong indication of a gasoline supply short
age. Therefore, as long as they can find an open 
station, they refill with as much gasoline as pos
sible if there is no limit on purchases. If after 
serious searching they still cannot find an open 
::ti...ai....ivu, cu1 ~e:u:iy v.i~ic co "C.0.e gasoline st:at:ions cne 
next day is considered. Thus, the shortened station 
hours severely limit customers' scheduling flexibil
ity in buying gasoline and force them to make early 
visits to gasoline stations, which result in much 
longer waiting times for refueling. 

Another serious problem during an energy er is is 
is the preopening arrivals at gasoline stations, 
which cause extremely long waiting times for the 
customers. Therefore, a plan to regulate thE' dis
tribution of arrivals at gasoline stations during a 
fuel supply interruption so that customer waiting 
time could be minimized would be an important asset 
to transportation energy contingency planning. 

Daskin et al. ~) made the first model of service 
station queues during gasoline supply shortages. An 
M/G/l queueing model was employed in this study to 
approximate the queueing system at service sta
t ions. The times between customer arrivals (M) were 
assumed to be exponentially distributed, the service 
times followed a general distribution (G) described 
by its mean and variance, and there was only one 
server in the system (1). Service time in the model 
was divided into two parts: a fixed time needed by 
each visitor to the service station and a pumping 
time, which was a function of the mean size of fuel 
purchase and the pumping rate. The mean arrival 
rate was assumed to be constant, independent of time 
of day. Moreover, the mean purchase size was as
sumed to be independent of the total amount of gas
oline that each consumer demands. 

The odd-even rationing plan was tested in the 
model by assuming a certain reduction of the mean 
arrival rate. Gasoline purchase requirements (max
imum-minimum plan) were evaluated in the model by 
assuming certain upper and lower limits of the pur
chase size probability density functions. Tank
topping behavior was also analyzed in the model by 
reducing the mean purchase size. 

There were several drawbacks to the structure of 
this model. The lack of dynamic feedback in the 
system is the major one. The waiting time spent· at 
service stations does not have any impact on con
sumers' refilling behavior. The early depletion of 
fuel at stations caused by large purchases was not 
considered in the model. The purchase size was not 
conEJtrained by the capacity of the vehicle's tank 
(in th is study, it was assumed that the purchase 
size was independent of the amount of gasoline de
mand). In addition, the assumption that the mean 
arrival rate is constant and independent of time of 
day is not compatible with the real-world situation 
at service stations, in which peak demands exist at 
certain periods of the day. Moreover, the early ar
rivals were not considered in this study. 

Prins et al. (1) developed a simple mathematical 
model to analyze gasoline-line problems. The allo
cation of gasoline per day represented the supply 
side of the system. The demand function consisted 
of the following independent variables: (a) the 
cost per gallon of gasoline, (b) the mean waiting 
time per visit, (c) the expected number of visits to 
gasoline stations per week, and (d) the average num
ber of nours that gasoline stations are open. The 
average number of hours that stations are ' open is a 
function of automobile population, number of service 
stations, expected number of visits to service sta
tions per week, and the service station rate (in ve
hicles per hour). The expected number of visits to 
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gasoline stations per week is a function of the use 
rate per vehicle per day and the purchase size. The 
purchase size is a function of the average number of 
hours that gasoline stations are open, the mean 
waiting time in line per visit, the expected number 
of visits to gasoline stations per week, and the 
level of the gasoline shortage. 

The odd-even plan and maximum-minimum purchase 
requirements were tested in the model. This study 
concluded that the odd-even plan minimized aggregate 
wait time as well as wait time per visit more than 
maximum-minimum purchase requirements. This conclu
sion is just the opposite of the one made by Daskin 
et al. The sensitivity analysis of the model showed 
that the waiting time was not sensitive to the 
length of time that the stations are open or to the 
purchase size. This result is not compatible with 
two findings: (a) early station closures shorten 
the refilling period (and thus shorten times between 
arrivals and consequently lengthen waiting times) 
and cause early arrivals (which lead to much longer 
waiting times), and (b) the smaller purchase size 
that results from panic buying (tank-topping be
havior) increases the waiting time per gallon of 
purchase. The inappropriate set-up of these two 
critical factors in the model (i.e., the length of 
time that the station is open and the purchase size) 
might be one of the reasons for those inadequate. 
findings (~). The exclusion of the vehicle's tank 
capacity and the impact of early arrivals could be 
the other reasons. 

Hobeika et al. <1> have developed a simulation 
model to evaluate the impacts of several fuel supply 
restriction measures on gasoline consumption during 
energy shortages. The major entities in the model 
are households, automobiles, and service stations. 
The major components of the model are household at
tribute assignments, vehicle attribute assignments, 
station attribute assignments, trip assignments, 
travel routine, search routine, queueing routine, 
fill-up routine, and summary routine. 

The model was built with a detailed activity sim
ulation approach, where events include all types of 
travel activities detailed as to trip start time, 
end time, distance, and speed. This kind of simula
tion uses a great deal of computer execution time. 
Because most vehicles do not refill every day, it is 
not necessary to simulate all trips. Moreover, in 
this study it is assumed that refilling occurs only 
at the end of a trip, which is not necessarily true 
for all users. 

PURPOSE AND OBJECTIVES 

The purpose of this study is to develop an analyti
cal dynamic simulation model that can adequately 
analyze gasoline queue problems and evaluate various 
gasoline-line management measures for possible use 
by decision makers before and during an energy 
crisis. To accomplish this the specific objectives 
of this study are identified as follows: 

1. To provide a better understanding of the 
quantitative effects of panic behavior (such as tank 
topping and arriving early) on gasoline queues, 

2. To'identify an effective scheme that helps to 
prevent early arrivals during an energy crisis, and 

3. To evaluate the effectiveness of several gas
oline-line management measures in reducing gasoline 
queues. 

METHODOLOGY 

Model Entities 

The major entities being simulated in the gasoline 
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retail market are the vehicles owned by households 
and the gasoline service stations in the study 
area. In most commodity purchase queueing systems 
the consumers are identified as the entities on the 
demand side. However, with regard to fuel consump
tion, a vehicle is more appropriate to work with in 
a simulation model because it is easier to count 
vehicles than persons at gasoline stations. 

According to Dave Catterton of the Virginia Pe
troleum Jobbers Association (March 16, 1982) and 
James Heizer of the Virginia Gasoline Retailers' 
Association (March 15, 1982) , the gasoline at ser
vice stations is consumed mostly by vehicles owned 
by householdsi the major group of customers at ser
vice stations is therefore the household vehicle 
owners. Also, because household-owned vehicles con
sume more than half of the motor fuel in this 
country ( 8) and their consumption of fuel exhibits 
greater flexibility than that of other modes, the 
fuel that can be conserved by vehicles owned by 
households during an energy crisis deserves more at
tention than that carried by other modes. Vehicles 
in this model are assigned certain attributes to 
meet the characteristics of their real-world coun
terparts. At the same time they are assigned to 
specific households to serve the travel needs of a 
group of people who live together and share the same 
vehicle. Therefore in this study the household is 
employed as the unit for travel demand. Each house
hold is assigned certain attributes that would af
fect the level of travel made by the vehicle or ve
hicles that it possesses. 

Similarly, service stations are established in 
the model that represent the supply side of the sys
tem and have characteristics compatible with those 
of their real-world counterparts. A ratio of sta
tions to household-owned vehicles is identified for 
the region under study. It is then multiplied by 
the number of household-owned vehicles in the model 
to estimate the number of stations that should be 
established. These stations are designed to have 
the ability of carrying out the various station
related gasoline-line management measures under in
vestigation. 

Household-owned vehicles are not the only ar
rivals at service stations. Other vehicle types are 
also considered in the simulation model, which in
cludes their number, size, and fuel consumption 
characteristics. The fuel consumed by these vehi
cles is then subtracted from the total to indicate 
the remaining fuel available for consumption by 
household-owned vehicles. 

In a simulation model the status of the system 
changes when an event occurs. The changes associ
ated with the travel-related events are the changes 
in time, fuel, and the number of customers in ser
vice stations that occur when any event is promoted 
from the next event to the current event. Only the 
critical events are considered in the model to mini
mize the complexity of the system. Because most ve
hicles do not refill every day and because the re
fillings do not necessarily take place at the end of 
a trip, it is not necessary to simulate all trips in 
a day. Therefore, only refilling-related events are 
simulated in the model by the next-event approach. 
By this approach, the simulation model keeps track 
of the times at which each distinct status-changing 
event will occur. It then chooses the time at which 
the next event will occur, moves forward in the sim
ulation to that time, and alters the status of the 
system in accordance with the conditions dictated by 
the occurrence of that event. The basic concept 
underlying this approach is that there is no need to 
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view the system at times other than those at which 
critical events occur. In this research, the next
event approach is only used to simulate the events 
associated with the refueling activities. All the 
travel activities are simulated on a day-by-day 
basis. 

Station Hours 

Gasoline station service hours played a significant 
role during the past energy er ises in limi ling lhe 
refueling flexibility of customers ;md in r.RnRing 
panic behavior among vehicle drivers with regard to 
the severity of the shortage of fuel. Thus, the 
station hours in the model are designed to reflect 
gasoline depletion or early closure conditions or 
both. 

The major causal relationships in the model are 
summarized in Figure 1. In this diagram the direc
tion of the linkage represents the direction of the 
influence. A positive sign (+) is used when changes 
in both variables are in the same direction (both 
increasing or both decreasing). A negative sign (-) 
implies that changes in both variables are in oppo
site directions (one increasing and the other de
creasing, and vice versa). 

The relationships between variables are briefly 
described as follows. A high fuel-consumption rate 

l .--- - ~.... , - -~ ............................ .1 ..... . . Q 
~ ' I ~ • 

v,.; 11 .1.w.a. c: b 1.,.Q111\,, 

which leads to a high vehicle refuel rate (also to 
larger purchase size or greater ref ill frequency or 
both). The size of purchase is larger if the tank 
is bigger or the fuel-consumption rate is higher but 
is smaller if the refill point is higher. The pur-

TIHE PER REFILL 

chase size increases with the level of shortages in 
the model. 

The refill frequency is greater when the refill 
point of the fuel-consumption rate is higher. 
Greater frequency of refilling leads to more who 
refill daily and thus shorter times between arr iv
als, which cause longer wait time per visit and 
large purchase size. The increase in those who re
f ill daily per station results in higher fuel sales 
rate and consequently lower station fuel inventory, 
which in turn increases the probabili Ly of fuel <le
plPti on Rnd thns PRrly station closure. The short
ened station hours cause early arrival time, shorter 
times between arrivals, and longer search time. 
Shorter times between arrivals and more early ar
rivals cause longer wait times per visit. 

On the other hand, larger purchase size and lower 
pumping rate result in longer pumping time and thus 
longer service time. The time spent per refill in
creases when search time, wait time, or service time 
increases. But smaller purchase size and higher re
fill frequency lead to longer time spent for per
gallon refill of gasoline. 

The fuel inventory at the station increases with 
a higher fuel supply rate and decreases with a 
higher fuel sales rate. When the fuel inventory at 
a station is low, more fuel supplies are requested. 
However, the supply is reduced whenever there is an 
t::'llt::'l.YY bi1u.L Layt::". 7i1t:: .L'ut::i .i11vt::"11i..uJ.y ..:.u a v c-it" ;..~ .i.e • b 

tank is raised with the vehicle's refuel rate and is 
reduced with the fuel-consumption rate. 

The demand for travel increases with income but 
decreases with travel hardship such as the increase 
in travel time and travel cost. The increase in 
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travel time has a greater impact on those 
incomes, whereas the impact of travel 
greater for those with low incomes because 
limited budgets. 

THE MODEL 

with high 
cost is 

they have 

To illustrate the application of the model for 
medium-sized urbanized areas, the city of Richmond, 
Virginia, was selected as a case study. Area
specific data were obtained from Richmond i national 
data were used in the general part of the model. 

Household Attribute Assignments 

In the model, households were stratified by income, 
vehicle ownership, and size. The joint probabili
ties of these three household attributes were used 
to stratify households into 60 strata (5 income 
levels, 3 vehicle ownership classes, and 4 household 
size groups). 

Assignment of Vehicle Attributes 

Four attributes were assigned to the vehicles in the 
model: fuel-efficiency rate, tank capacity, plate 
number, and refilling point. The fuel-efficiency 
rate and tank capacity were directly related to the 
size of the vehicle. In the model vehicles were 
categorized into four classes: class 1, subcompact 
vehiclesi class 2, compact vehiclesi class 3, inter
mediate-sized vehiclesi and class 4, full-size vehi
cles. The sizes of vehicles were assigned according 
to household income. 

Assignment of Household Annual Vehicle 
Miles of Travel 

The assignment of household annual vehicle miles of 
travel (VMT) in the model was based on a recent 
study by Gorman (~) in which the data of the 1977 
Nationwide Personal Transportation Study (NPTS) (10) 
were used to analyze household character is tics and 
the determinants of travel behavior. Annual VMT 
were assigned to households according to their in
come and vehicle ownership. 

Assignment of Daily VMT by Trip Purpose 

After all households in the model had been assigned 
an annual VMT, the daily VMT by trip purpose was 
then assigned to vehicles owned by these households 
as follows: 

1. Adjustment of annual household VMT by month: 
Because the model was developed for analyzing the 
problems of an energy crisis, the analysis period 
was short by nature. Because travel varies in dif
ferent months of the year (~), annual VMT data can
not be used directly in the model for short-term 
analysis. Therefore, the data were adjusted by the 
months during which the energy shortages occurred. 

2. Assignment of household annual work-·trip 
VMT: Although the VMT varies on a monthly basis, 
the VMT for the work trip was assumed to be unvaried 
throughout the year. In the model the data from the 
1977 NPTS were used to allocate the percentage of 
annual work-trip VMT. This percentage was assigned 
to each household according to its income level. 
The assigned household annual work-trip VMT was then 
divided by 52 to obtain household weekly work-trip 
VMT. On the other hand, household weekly non-work
trip VMT was obtained by subtracting household 
weekly work-trip VMT from household weekly VMT for 
all trip purposes. The assigned household weekly 
non-work-trip VMT was further categorized as shop-
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ping, social or recreational, personal business, and 
other trip purposes according to the data from the 
1977 NPTS. The same data source was used to allo
cate the household weekly VMT by various trip pur
poses to different days of the week to obtain house
hold daily VMT. Consequently the model assigned the 
daily VMT to the vehicles owned by the household. 

Assignment of Station Attributes 

Before attributes were assigned to service stations 
in the model, the number of stations to be estab-
1 ished for the 500 vehicle-owning households in the 
model was discussed. According to the 19Bl National 
Petroleum News Fact Book (11}, there were 3,436 ser
vice stations in Virgini-;- in 1981. Because the 
total number of households in Virginia for that year 
was about 1,923,000 (12}, the ratio of households to 
stations is 560: 1. After an adjustment by car less 
households, only one service station was needed for 
500 vehicle-owning households. Nevertheless, the 
model consisted of two service stations and reduced 
the number of pumps in each station by half to pro
vide the consumers the opportunity to make selec
tions between stations based on the differential in 
gasoline prices. 

There were eight attributes assigned to the ser
vice stations in the model: station hours, an ini
tial amount of fuel, tank capacity, replenishment 
schedule, replenishment amount, average price of 
fuel, pumping rates, and the nonpumping time for 
services other than refueling. 

Assignment of Refill Time 

The travel component of the system was simulated on 
a daily basis. The fuel in the tank of each vehicle 
was correspondingly checked on a day-by-day basis to 
see whether the vehicle needed to be refilled (ac
cording to its current refilling point). When that 
point had been reached, the vehicle was ready to be 
sent to the service station for refueling. The time 
to visit the service station still had to be deter
mined. 

No existing data were available on the demand 
distribution of gasoline purchases at service sta
tions. So a survey was conducted to determine the 
demand distributions at service stations in Rich
mond, Virginia. The results of the survey showed 
that 

1. Most of the stations had similar demand dis
tributions, 

2 •. Usually the busiest times were on Monday from 
7:00 a.m. to 9:00 a.m. and on Tuesday through Friday 
from 4:00 p.m. to 6:00 p.m., and 

3. The busiest times on Saturday and Sunday were 
from 12 noon to 1:00 p.m. 

However, the data obtained from this survey were 
only for normal situations. As mentioned before, 
early arrivals occurred during the past energy 
crises. An algorithm was thus developed in the 
model to assign arrival times to vehicles that are 
refilling under crisis conditions. It included two 
steps. The first step was to assign vehicles with a 
normal arrival time. The second was to shift the 
normal arrival time to an earlier time according to 
the degree of crisis. 

Refill Routine 

The refill routine was simulated by the next-event 
approach. It consisted of several steps: searching 
for a station, joining a queue, being served, and 
updating the status of the system. The structure of 
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the refill routine is illustrated in a simplified 
flowchart as shown in Figure 2, in which the SEARCH 
subroutine determines the time spent searching for a 
gasoline station and the decision to enter a sta
tion. The search time is a function of the station 
open hours. The decision to enter a station depends 
on the prices of gasoline and the queue lengths at 

the stations. Th~ prnh1>hi H ty of' ente!'. ing a !!tatio!? 
is lower for a station with higher fuel pr ices or 
longer gasoline queues. The JOIN subroutine assigns 
the refilling vehicle to one of the channels of the 
station it entered. The TSER subroutine is then 
called to determine the service time needed to serve 
the newly arrived vehicle according to its purchase 

Figure 2. Simplified flowchart of the refilling 
routine. 

Figure 3. Simplified model formation flow
chart. 
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size, whereas the purchase size is assigned by call
ing the subroutine FAMT. The time that the new ar
rival spent in queue is then calculated by calling 
the subroutine SERV, which sums up the time needed 
to serve all the customers in front of this new ar
rival. Average gasoline-queue and waiting time are 
also updated. When the vehicle has finished its re
filling, the subroutine UPDATE is called, which 
changes the following status of the system: 

1. The amount of fuel at the station is reduced 
by the amount of fuel pumped to the vehicle, 

2. The amount of fuel in the vehicle's tank is 
increased by the amount of fuel purchased, 

3. The number of customers in the channel is re
duced by 1, 

4. The number of customers in the station is re
duced by 1, 

5. The simulation clock is advanced by the 
amount of time spent servicing this vehicle, and 

6. The simulation time attached to this vehicle 
is advanced to a value greater than 24, which is the 
end of a simulation day .• 

The formulation of the model is summarized in a 
simplified flowchart, shown in Figure 3. A more de
tailed description of the model may be found in 
Young's work (!l). 

MODEL VALIDATION AND CALIBRATION 

Because the model employs the Monte Carlo technique 
to assign attributes to its entities, it was run 
with a sufficiently large sample size and various 
random number seeds to reduce the nonrandom bias. 
The results showed that an adequate size to run the 
model was 500 households (about 1,000 vehicles). 
The outputs showed that the model was functioning in 
the manner intended. The fuel-efficiency rates were 
adjusted in the model to make the fuel consumption 
compatible with the Virginia data. 

SCATTERED-REFILL SCHEDULING 

A scheme is proposed in this study to prevent ex
cessive waiting by early arrivals at gasoline sta
tions. Its basic concept is to diversify refilling 
activities so that waiting time can be minimized. 
This scheme is not a new idea. It is widely applied 
at universities during registration, when students 
are assigned registration times according to the 
initials of their last names to minimize waiting 
time. 

Under this scheme a vehicle can refill at as
signed times on the basis of the last digit of its 
license plate number. There are several times dur
ing which a vehicle can visit stations. For ex
ample, for stations that operate from 7 :00 a.m. to 
10:00 p.m. there are three 5-hr periods. For the 
first two periods, each hour is scheduled for vehi
cles with the designated last two digits. There is 
no restriction on digit requirements in the third 
period. Thus, this scheme gives refillers a certain 
flexibility to their refill schedules. Moreover, 
the tourist industry, which suffered seriously from 
the odd-even plan, will not be affected much by this 
scheme, because long-distance travelers have three 
chances a day to refuel their automobiles and com
plete their trip. 

Because there is no easy way to prevent the panic 
that causes early arrivals at gasoline stations dur
ing an energy crisis, this scheme, although a little 
complicated in its administration, could be much 
more effective than other line-management measures 
such as the odd-even plan. The scheme can also be 
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administered with minimum or maximum purchase re·
quirements whenever tank-topping occurs. 

MODEL APPLICATION 

Simulating Panic Buyi ng Behavior 

The panic buying behavior during an energy crisis-
tank-topping and arriving at the gasoline station 
early--is simulated by the model to examine the im
pact of such behavior on waiting time. Tank topping 
is formulated in the model by raising the refilling 
points of all vehicles in the model. The panic be
havior of early arrivals is formulated in the model 
by making vehicle refilling times earlier. The re
sults of these simulations are shown in Table 1, in 
which a 13 percent fuel supply shortfall and 40 per
cent gasoline price increase are given as the crisis 
conditions. 

From the results shown in Table 1 it can be seen 
that the impact of early arrivals on average waiting 
time is more significant than that of the tank
topping behavior. In addition, for both types of 
panic behavior, the impact on average waiting time 
becomes more significant as the degree of severity 
becomes greater. 

Scenarios and Tests 

In this study, gasoline-line management measures are 
evaluated under four different scenarios. Each sce
nario is a combination of the following crisis situ
ations: the level of the energy supply shortfall, 
the percentage of increase in fuel pr ices, and the 
degree of panic behavior (tank topping. and arriving 
early). 

In the first scenario it is assumed that a 13 
percent fuel supply shortfall and a 40 percent gas
oline price increase exist and that both types of 
panic buying behavior occur as well. This scenario 
describes the height of the 1979 energy crisis in 
New York State as observed by Hartgen and Neveu 
(14). In the second scenario a shortfall similar to 
th";;t of the 1979 energy crisis is defined but a 100 
percent increase in fuel prices is hypothesized, 
which leads to minor panic buying behavior. In the 
third scenario a 30 percent fuel supply shortage and 
a 100 percent gasoline price increase are postulated 
and there is medium-level panic buying behavior. In 
the fourth scenario a 30 percent supply disruption 
and serious panic buying situations are considered; 
the price of fuel is assumed to have risen 40 
percent. 

The following gasoline-line 
are assessed according to their 
ducing waiting time: odd-even 

Table 1. Simulating panic buying conditions. 

Panic Level by Behavior 

management measures 
effectiveness in re

plan, maximum and 

Tank Topping Arriving Early AWTPR" (min) 

None None 7.94 
Minor None 9.24 
Medium None 12.13 
Serious None 17.35 
None Minor 9.19 
None Medium 15.11 
None Serious 28.25 

Note: Crisis conditions arc 13 percent supply shortage and 40 
percent price increase. 

8 Average wait time per refill (assuming that the av~rage purchase 
size is 8 gal) of the last 28 shnulation days (considering the first 7 
days as the warm-up period). 
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minimum purchase requirement, and scattered-refill 
scheme. The do-nothing alternative will serve as 
the basis for evaluating these measures. In addi
tion a combination of the maximum-minimum plan and 
the scattered-refill scheme is also tested. These 
scenarios and measures are shown in Table 2. The 
results of these measures are shown in Table 3. 

In addition to the average wait time per refill 
(AWTPR), the indicator HARD is also employed in the 
evaluation process to reflect the hardship that 
automobile users encountered under a certain sce
nario and a certain management measure. The value 
of HARD is determined by (a) the percentage of vehi
cles being rejected at service stations (when a ve
hicle needs to be refueled but cannot enter the ser
vice station because of an unmatched plate number, 
size of purchase, or the early closure of the ser
vice station, it is defined as rejected by the sta
tion) and (b) the percentage of the potential reduc
tion of fuel demand caused by increased fuel pr ices 
and waiting times. This indicator reflects not only 
the degree of inconvenience imposed on automobile 
users by the measures but also the hardship level of 
the scenario itself. However, the value of this in
dicator should be referred to only on a comparative 
basis. 

The effect of fuel price increases on wa1t1ng 
time is also evaluated in the model. The short-run 
price elasticities estimated by Archibald and 
Gillingham (15) and Charles River Associates (16) 
are employed in the model to reduce fuel consumption 
as gasoline prices increase. The results show that 
increases in fuel price have little impact on wait
ing time. 

DISCUSSION A"&o ANALYSIS 

The results of the model show that the scattered
refill scheme has proved effective in reducing the 
long waiting time caused by serious panic behavior. 
Nevertheless, its effectiveness in reducing waiting 
time is not much greater than that of the odd-even 
and maximum-minimum purchase requirement under less 
serious panic situations. Moreover, its hardship on 
automobile users . is always less than that of the 
other plans, especially under serious panic situa
tions. Tests other than the four scenarios just 

Table 2. Scenarios and measures. 

Panic Level by 
Behavior 

Supply Fuel Price 
Shortage Increase Tank Arriving 

Scenario (%) (%) Topping Early Measure 

I -13 +40 Serious Serious All 
2 -13 +JOO Minor Minor All 
3 -30 +JOO Medium Medium All 
4 -30 +40 Serious Serious All 

Table 3. Test results. 

Scenario 1 Scenario 2 

Measure AWTPR HARD8 AWTPR HARD 

Do nothing 33.72 0.81 15.20 0.53 
Udd-even 1>Jnn 20.84 0.90 8.87 0.64 
Maximum-minimum planb 19.29 0.73 5.23 0.58 
Scattered-refill scheme 6.85 0.14 4.12 0.23 
Bothe 4.29 0.59 3.92 0.50 

aFor definition of HARD, see tex t. bMaximum limit, 10 gal; minimum limit, 8 gal. 
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described have shown that if tank topping is cont~
gious among refillers, the resulting long waiting 
time would not be effectively reduced by the scat
tered-refill scheme alone. 

The effectiveness of the maximum-minimum purchase 
requirement ranks next to that of the scattered
refill scheme in minimizing gasoline queues. How
ever, tests other than the four scenarios have shown 
that if the panic behavior of early arrivals is 
serious, the effectiveness of this plan is signifi
cantly weakened. 

The odd-even plan is as effective as the maximum 
and minimum purchase requirements in reducing wait
ing times under serious tank-topping situations. 
Although the odd-even plan is the easiest one to ad
minister, it imposes the most inconvenience on con
sumers, especially those who are heavy automobile 
users and long-distance automobile travelers. 

All the tests show that the do-nothing alterna
tive has the longest average waiting time under all 
scenarios. However, the values of HARD indicate 
that some other alternatives impose more inconveni
ence cost to automobile users than the do-nothing 
ones, especially the odd-even plan. 

Thus, in order to effectively and adequately min
imize the waiting times at service stations caused 
by both types of panic behavior, a combination of 
the maximum-minimum purchase requirement and the 
scattered-refill scheme is needed. It is recom
mended that the former be employed first for its 
easier administration. If the panic behavior, es
pecially the early arrivals, continues, the scat
tered-refill scheme should be adopted. 

OTHER POTENTIAL APPLICATIONS 

As indicated in contingency theory for management 
science, in order to fit changing and uncertain sit
uations, the goal of a management plan varies ac
cording to the needs. Because it is likely that the 
pc ices of fuel will still not be allowed to clear 
the market during a future energy supply shortage 
(17), gasoline queues might be employed again as the 
market clearance mechanism. However, excessive 
waiting time is a pure loss to individuals and so
ciety. The usual goal of minimizing waiting times 
at service stations could be changed to selecting 
adequate action that allows gasoline queues to yrow 
to the point where the level of supply shortfalls 
should be reflected. How to properly reduce ex
cessive waiting time and employ the remaining wait
ing time to clear the market can be a challenge to 
all energy contingency planners. '!'he monPl, if sup
plied with sufficient data, would be a potential 
tool. 

The current maximum-minimum purchase plans all 
have fixed purchase limits. Variation in tank ca
pacity among different vehicles is not considered. 
Under this type of fixed-limit plan, vehicles with 
smaller tank capacity are treated inequitably. Be
cause the tank capacity of each vehicle is specified 
in the model, purchase requirement plans with vari-

Scenario 3 

AWTPR 

18.63 
12.57 
8.23 
6.09 
4.55 

HARD 

0.63 
0.79 
0.70 
0.26 
0.59 

Scenario 4 

AWTPR 

3S l 0 
25.13 
28.68 

7.34 
3.84 

HARD 

0 <JO 

0.98 
0.77 
0.16 
0.60 

cBoth maximum-minimum plan and scattered-refill scheme. 
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able limits can be easily simulated by the model to 
determine the optimal purchase limits for vehicles 
of various size classes. 
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Analysis of Total Energy Use of Urban Transportation 
Energy Conservation Strategies 

MARGARET K. SINGH AND SARAH J. LaBELLE 

As part of a technology assessment project sponsored by the U.S. Department 
of Energy, an evaluation was made of total energy consumption by fuel type 
resulting from local travel {by urban households) for 1980, 1990, and 2000 in 
two scenarios and under three alternative policies. Energy consumed in vehicle 
operation, fuel production, vehicle production, and infrastructure construction 
was projected, and the relative impact of each policy was also evaluated. A sub· 
stantial decline in total energy use in national urban passenger travel from 1980 
to 2000 was projected for both scenarios and all three policies. However, the 
analysis also indicated that indirect energy use required to support the policies 
can offset some of their direct energy savings. Further, the scenario that re· 
suited in the greatest total energy savings did not save the greatest amount of 
petroleum. 

In a project sponsored by the U.S. Department of 
Energy, Technology Assessment of Productive Conser
vation in Urban Transportation (TAPCUT) C!l , several 
alternative strategies promoting energy conservation 
in urban transportation were assessed to determine 
their energy, environmental, and economic impacts. 
The alternative strategies were tested in three 
cities for 1980, 1990, and 2000. They represented 
policies and technology developments designed to 
conserve urban transportation energy while maintain
ing a productive economy. They were set within two 

socioeconomic scenarios that differed in terms of 
growth rate of gross national product (GNP) , social 
organization, retail fuel price, total metropolitan 
population, average household income, environmental 
regulations, and types of fuel available for trans
portation. The expected energy impacts, both direct 
and total, of these alternative strategies are re
lated here. 

PROJECT STRUCTURE 

To evaluate the energy impacts of the alternative 
strategies properly, the strategies themselves, 
scenarios, vehicle character is tics, and fuel supply 
and pr ices assumed in this study need to be briefly 
described. The three conservation strategies ana
lyzed were termed the in-place policy, group travel 
policy, and individual policy. As a baseline, the 
in-place policy was established as the extension to 
the year 2000 of all programs and plans in place in 
1980 that affected urban transportation. For the 
three case-study cities used in this analysis, the 
in-place policy was defined in terms of existing 
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state, regional, and local plans. By contrast, the 
group travel policy promoted mass transit and ride
sharing with no improvements to automobile technol
ogy relative to the in-place policy. In general, 
the group travel policy involved large-scale changes 
in level of service for transit, as measured by 
service frequency, line-haul travel time, and system 
coverage in each case-study region. The individual 
policy focuses on automobile technology improvements 
as the means to decrease transportation energy use 
while maintaining mobility. Research and development 
on engines, vehicles, and fuels was increased, and 
new-car fuel economy improved even more than ex
pected under the in-place policy. 

These policies varied by the scenario in which 
they were expected to have the greatest effect. For 
example, scenario 1, which projected a wealthy econ
omy with hiCJh technological succe:i;;:i;;, was assumed to 
be capable of supporting rail transit service expan
sion under the group travel policy. Scenario 3, on 
the other hand, a relatively poor economy with low 
technological success, emphasized reduced transit 
fares and express bus service, including busway 
construction, under this policy. No analysis was 
conducted for scenario 2. 

In this analysis, automobile and transit vehicles 
we re characterized by size class, engine type, fuel 
economy, emissions profile, purchase price, operat
ing costs, materials composition, and (for personal 
vehicles) performance. Three different sets of 
vehicles were used: set c, the expected technol
ogies, was used for the in-place policy and group 
travel policy in both scenarios: set A, designed as 
the the best technology for both conservation and 
performance, was tested for the individual policy in 
scenario 1: the third set, a modification of set C, 
was tested in scenario 3 under the individual policy. 

Fuel supply varied a.cross scenario and pr ice 
across scenario and policy. In particular, synthetic 
fuels were expected to play an important role in 
scenario 1 and no role in scenario 3. Base average 
market crude prices were higher in scenario 3 th,an 
in 1 [$61/barrel (1975$) versus $46 in 2000). The 
retail fuel prices derived from these base fuel 
prices were varied among the policies: imposition of 
stiff automobile fuel taxes under the group travel 
policy was the key variable. The retail gasoline 
price was $1.89/gallon under the in-place policy and 
$3.78 under group travel in scenario 1 in 2000, 
whereas in scenario 3 it jumped to $3.82 under group 
travel from $2.55 under the in-place policy. 

NATIONAL PROJECTIONS OF DIRECT ENERGY USE IN URBAN 
VEHICLE OPERATION 

Method Overvi ew 

The travel demand analysis conducted for TAPCUT 
resulted in estimates a nd projections of total daily 
direct energy cons umptio n by f uel and vehicle type 
for home-based local passenger travel in automobiles 
and vans in three case-study cities. For the energy 
analysis these projections were expanded to national 
annual totals for urban passenger transportation, 
including non-home-based travel in automobiles and 
vans. The expansion was based on TAPCUT expansion 
factors for the three case-study cities and on re
gional surveys indicating the relationship of non
home-based to home-based travel and of average week
day to weekend travel. The description of the method 
developed for this analysis may be found in a tech-

Energy consumption by fuel type in mass transit 
operation was estimated separately for TAPCUT and 
was not included in the summaries of direct energy 
use in this section. Currently only about 2 percent 
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of all urban travel is made on mass transit. Even 
under the group travel policies in the two scenar
ios, national energy consumption by mass transit 
rose to 0.2 quad annually compared with O.l quad 
now. The highest value forecast for 2000 represented 
8 percent of the direct energy consumption of auto
mobiles and vans in urban passenger travei in that 
year. 

Direct Energy Use 

Purchased Fuels 

The forecast annual automobile travel in metropoli
tan areas is shown in Table 1. Under the group 
t r avel policy in both scenarios, total urban pas
senger vehicle miles of travel (VMT) by 1990 drops 
below that of 1980 and continues to drop slightly by 
2000. Under the in-place and individual policies in 
scenario 3, urban passenger VMT in 1990 and that in 
2000 are almost equal to that of 1980. Under the 
in-place and indiv idual policies in scenario 1, 
urban passenger VMT in 1990 is approximately 9 per
cent above that of 1980 and in 2000 approximately 17 
percent above the 1980 level. In scenario 1, the 
VMT increase is slightly greater than the 16 percent 
increase in metropolitan area population. Population 
growth i n scenario 3 is only 4.6 percent over the 20 
years: VMT growth lags population, probably because 
of a slight rise in the cost of travel. 

Table 1 presents direct energy consumption by 
purchased fuel type in addition to VMT on each fuel 
in national urban passenger travel. The fuels in
clude gasoline, diesel fuel, electricity, gasohol, 
methanol, and a combination of diesel fuel and meth
anol (diesel-methanol). Electric ity is mea sured in 
this analysis as the input energy required at the 
power plant to meet the electricity requirements for 
charging and operation of an electric vehicle (EV) • 
Gasohol, which is projected to be available only in 
scenario l, is an approximately 90-10 blend (87-13 
was used in this analysis) of gasoline and coal
derived methanol (actually methyl fuel). 

The diesel-methanol combination occurs only in 
scenario 1 in 2000. No specifications currently 
exist for a blend of diesel fuel and methanol or for 
an engine to burn it, but it was assumed that in 
scenario 1 this fuel type might become available for 
use in diesel-powered vehicles. These may operate 
on a variety of blend ratios or alternate between 
100 percent methanol and 100 percent diesel fuel. In 
aggregate, the fuel distribution assumed for the 
diesel-methanol combination is 70 percent diesel 
fuel and 30 percent methanol. 

From Table 1 and Figure 1 it can be observed that 
all policies result in a decline from 1980 to 2000 
in direct energy consumed in urban passenger travel. 
(Although information is provided on direct energy 
consumption in 1975, the base year for purposes of 
this analysis is 1980.) As might be expected, the 
greatest absolute declines occur under the group 
travel policy in both scenarios. The amounts of 
energy consumed in scenarios 1 and 3 under the group 
travel policy are virtually the same by 2000 and 
represent about 47 percent of the 1980 energy con
sumed in urban passenger travel. The smallest abso
lute decline by 2000 occurs in scenario 1 under the 
in-place policy: the 3. 2 quads consumed under this 
policy represent about 63 percent of the 1980 levels. 

Gasoline energy consumption is still predominant 
in 2000 among the fuels used. However, energy con
sumption in the form of other fuels grows through 
2000. In scenario 1 by 2000, energy consumed in the 
form of gasohol represents approximately 25 percent 
of total energy consumption under all policies. 
Under the individual travel policy of scenarios 1 
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Table 1. Total direct energy consumed by purchased fuel type and total VMT for each fuel in national urban passenger travel . 

Gasoline Gasohol Methanol 
Year, 

1015 1011 1014 1010 1014 1010 Scenario, 
and Policy Btu VMT' Btu VMT Btu VMT 

1975 5.996 5.269 
1980 5.014 5.142 

1990, scenario 1 
In place 3.183 4.548 3.336 5.050 
Group 2.510 3.899 2.633 4.332 
Individual 2.923 4.852 3.066 5.391 

2000, scenario 1 
In place 1.886 3.447 8.478 16.41 1.745 3.830 
Group 1.405 2.652 6.318 12.63 1.301 2.947 
Individual 1.306 2.910 5.872 13.86 1.209 3.233 

1990, scenario 3 
In place 3.456 4.971 
Group 2.985 4.301 
Individual 3.471 4.971 

2000, scenario 3 
In place 2.613 4.789 
Group 2.147 3.899 
Individual 2.348 4.532 

aExcluding mass transit vehicles. bConverted at 10,400 Btu/kW·hr. 

Figure 1. Direct energy consumed in national urban passenger travel by 
scenario and policy, 1980-2000. 
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and 3, diesel-fuel energy consumption is more than 
10 percent of total energy consumption by 2000. In 
scenario 1 under all policies in 2000, approximately 
5 percent of the total energy consumption is in the 
form of neat methanol. Energy consumption in the 
form of electricity for EVs, however, is at most 
only 1 percent of total energy consumption. This 
level occurs in both scenarios in 2000 under the 
group travel and individual policies. 

Table 2 is derived from the results presented in 
Table 1. It illustrates the generally steady in
crease in the on-the-road fuel economy of urban 
passenger vehicles operating on various fuels under 
all policies in each scenario. Further, it illus
trates that by 2000 in both scenarios the group 
travel policy results in fuel economy similar to 
that under the in-place policy. Concurrently, the 
individual policy in both scenarios results in 
greater fuel economy, the highest levels of which 
are achieved in scenario 1. The average (over all 
fuel types) on-road fuel economy and that for gaso
line vehicles only are plotted in Figure 2 for 
scenario 1. 

Diesel-Methanol Electricity Total 

1010 1013 109 1013 109 1015 1011 
VMT Btu VMT Btub VMT Btu VMT 

5.996 5.269 
0.291 5.032 5.171 

5.564 0.065 0.114 3.824 5.611 
3.457 0.127 0.221 2.975 4.680 
2.721 0.238 0.464 3.417 5.668 

4.308 5.554 14.82 0.417 0.863 3. 164 6.059 
2.789 3.968 10.51 2.654 5.498 2.360 4.649 

11.079 9.292 28.73 2.399 5.590 2.560 6.070 

3.827 0.090 0.158 3.671 5.346 
3.099 0.202 0.349 3.167 4.614 
3.287 0.123 0.212 3.660 5.302 

5.592 0.244 0.504 2.882 5.353 
3.720 2.811 5.799 2.349 4.329 
6.986 2.455 5.109 2.672 5.282 

Resource Fuels 

For the ·comparison of total energy use it is neces
sary to further disaggregate the energy consumption 
by fuel-type totals shown in Table 1. The amount of 
(a) gasoline used in gasohol, diesel fuel in the 
diesel-methanol combination, and methanol in both 
gasohol and the diesel-methanol combination; (b) 
resource fuels for the gasoline and diesel fuel 
(petroleum, oil shale, and coal) ; (c) resource fuels 
for methanol; and (d) resource fuels used to gener
ate electricity is specified in order to allow anal
ysis of the total energy required to produce these 
fuels . 

Table 3 presents the results of this disaggrega
tion: total energy consumed in urban transportation 
by primary fuel type and resource fuel. As defined 
here, the primary fuel types are gasoline and diesel 
fuel combined, methanol, and electricity. The re
source fuels for gasoline and diesel fuel are as
sumed to be the same in this analysis rather than 
assign a particular input fuel (crude oil, coal, 
shale) to each of these refined products. Energy 
for production of these refined products is esti
mated for the average national refinery in each 
scenario and applied to diesel and gasoline Btu in 
the same manner. Thus these two fuels are aggregated 
here. The proportion of gasoline and diesel fuel 
produced from petroleum, shale oil, and coal in each 
scenario was assumed part of the TAPCUT scenarios; 
by applying these proportions to the gasoline and 
diesel totals, the absolute amounts of petroleum
derived, shale-oil-derived, and coal-derived gaso
line and diesel fuel are determined. The resource 
fuels for electricity and methanol are similarly 
assumed in the TAPCUT scenarios. 

From the results of Table 1, it is clear that the 
use of petroleum-derived fuels decreases substan
tially between 1980 and 2000. Table 3 shows that 
the use of petroleum-derived fuels is substantially 
less in scenario 1 than in scenario 3 in 1990 and 
2000 under all three travel policies. By 2000 the 
use of petroleum-derived gasoline, diesel fuel, and 
electricity in scenario 1 represents about 70 per
cent of the total petroleum used in scenario 3. This 
occurs despite the 10 percent difference at most be
tween total direct energy consumption in the two 
scenarios. The chief reason, of course, is the use 
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Table 2. Average on-the-road fuel eoonomy of urban 
passenger vehicles by fuei type. 

Year, Scenario, 
and Policy 

1975 
1980 

1990, scenario 1 
In place 
Group 
Individual 

2000, scenario 1 
In place 
Group 
Individual 

1990, scenario 3 
In place 
Group 
Individual 

2000, scenario 3 
In place 
Group 
Individual 
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of gu.scline deLived from oil shale and cval a11u 

diesel fuel in scenario l but not in scenario 3: to 
a lesser extent, the substitution of coal-derived 
methanol for gasoline in scenario l also accounts 
for some of the difference. The direct use of petro
leum for urban travel is plotted in Figures 3 and 4 
for each scenario. 

TOTAL ENERGY REQUIRED TO SUPPORT TAPCUT SCENARIOS 
AND POLICIES 

Total Energy and Petroleum Use 

Total energy use for urban transportation is the sum 
of direct and indirect energy use. Indirect energy 
includes energy required to produce the fuels used 
in vehicle operation, to produce the automobiles and 
transit vehicles used by urban travelers, and to 
construct the infrastructure (highways, busways, and 
rail systems) necessary to support the transporta-

Diesel-
Gasoline Gasohol Methanol Diesel Methanol Electricity• 
(mQ~) (mpg) (mpg) (mpg) (mpe) (Btu) 

10.99 
12.82 21.92 

17.86 17.86 25.23 21.86 
19.41 19.41 24.07 21.73 
20.75 20.75 20.46 24.40 

22.85 22.85 15.58 30.59 31.50 25.90 
23.59 23.59 16.09 30.73 31.25 25.89 
27.84 27.84 18.99 35.92 36.48 29.13 

17 .98 24.93 21.88 
I8.0l 23.91 21.56 
17.90 24.30 21-63 

22.91 29.16 25 .77 
22.70 29.81 25 .79 
24.13 32.47 26.02 

aConverted at 10,400 Btu/kW·hr and at 125, 000 Btu/gal. 

Table 3. Total direct energy consumed in national urban passenger travel by primary fuel type . 

Petroleum Shale Oil Coal to Uranium Petroleum Natural 
to Gasoline to Gasoline Gasoline Coal to Coal to to to Gas to Other" to 

Year, Scenario, and Diesel and Diesel and Diesel Methanol Electricity Electricily Electricity Electricity ElectriciLy Totalb 
and Policy (101 5 Btu) (I0 15 Btu) (10 15 Btu) (10 15 Btu) (10 12 Btu) (10 12 ll.tu) (10 12 Btu) (10 12 lltul (10 12 lltu) (I 01 5 Btu) 

1975 5.99562 5.9956 
1980 5.03234 5.0323 

1990, scenario 1 
In place 3.23948 0.36666 0.17388 0.04323 0.33 0.18 0.11 0.02 0.01 3.8239 
Group 2.51877 0.28510 0.13520 U.034I3 0.64 0.36 0.22 0.05 0.01 2.9746 
Individual 2.89196 0.32733 0.15523 0.03973 1.19 0.67 0.41 0.09 0.02 3 .4166 

2000, scenario 1 
In place 2 .16357 0.50588 0.18863 0.30155 1.80 1.67 0.55 0.12 0.02 3.1638 
Group 1.59651 0.37329 0.13919 0.22421 11.44 10.67 3.50 0.77 0.16 2.3597 
Individual 1.74899 0.40895 0.15249 0.22568 10.34 9.64 3.17 0.70 0.14 2.5601 

1990, scenario 3 
In place 3.66972 0.45 0.26 0.16 0.03 0.01 3.6706 
Group 3.16515 1.01 0.57 0.35 0.07 0.02 3.1672 
Individual 3.65877 0.61 0.35 0.21 0.04 0.01 3.6600 

2000, scenario 3 
In place 2.87988 1.05 0.98 0.32 0.07 0.01 2.8823 
Group 2.32092 12.11 11.30 3.71 0.82 0,17 2.3490 
Individual 2.64698 10-58 9.87 3.24 0.71 0.15 2.6715 

8 Hydroelectriclty and pumped storage. b Rows do no t always sum because of rounding. 



Transportation Research Record 935 

Figure 3. Direct use of petroleum for urban transportation in scenario 1. 

5 r2'Zl In-Place 
D Group Travel 

I... 4 
IZJ Individual 

0 
Q) 

~ 
Cl) 3 

-0 
0 
::::l a 2 

1975 1980 1990 2000 

Figure 4. Direct use of petroleum for urban transportation in scenario 3. 
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tion level of service under each policy. These 
energy requirements were estimated with the methods 
developed for TAPCUT (2-7). The limits to the energy 
accounting have been described in a technical memo
randum (2). The results of these analyses represent 
the indirect energy use under the TAPCUT policies 
and are combined with the results of the direct 
energy analyses in Table 4 to show the estimated 
total energy by fuel type for urban travel. Esti
mates for 1990 were also derived but are not pre
sented in this table. 

The results, which are further illustrated in 
Figures 5 and 6, show a substantial decline between 
1980 and 2000 in energy use devoted to urban pas
senger transportation even when indirect energy 
(i.e. , energy for fuel production, vehicle manufac
ture, and infrastructure construction) is included 
in the analysis. In scenario 1, the decline by 2000 
in total energy use from the 6.6 quads estimated for 
1980 ranges from 1. 0 quad under the in-place policy 
to 2.4 quads under the group policy, or 16 to 36 
percent. Most of this decline is achieved by 1990. 
In scenario 3, the decline in total energy use is 
even more dramatic. It is nearly halved by 2000 
under the group travel policy; i.e . , there is a 
3. 0-quad reduction in total energy use. This is 
much greater than the savings of 2.2 quads forecast 
under the in-place policy. The individual policy is 
identical to the in-place policy, also saving 35 
percent relative to 1980. Much of the difference 
between scenarios is due to the greater amount of 
energy required for fuel production under scenario 
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1. In particular, more energy is required to produce 
gasoline and diesel fuel from the coal and oil shale 
used in scenario 1 than from petroleum, which in 
scenario 3 is the only resource fuel for gasoline 
and diesel fuel. 

Although scenario 3 shows the greatest decline in 
total energy use, scenario 1 shows the greatest 
decline in petroleum use (see Figures 5 and 6) • From 
the 1980 level of 5. 6 quads of petroleum use in 
direct vehicle operation and associated indirect 
energy, petroleum use under the scenario 1 policies 
declines 3.2 to 3.8 quads, i.e., from 56 to 67 per
cent, by 2000. In scenario 3, petroleum use declines 
2.4 to 3.0 quads, or 43 to 54 percent, by 2000. 
Petroleum consumption shown in Table 4 is not com
plete, however, because a portion of the unspecified 
external subsidies in fuel production is petroleum 
itself and these subsidies by 2000 represent 13 to 
16 percent of the total energy requirement for urban 
passenger travel. However, any likely disaggregation 
of these s·ubsidies should not alter the fact that 
scenario 1 leads to greater petroleum savings than 
does scenario 3. 

The energy supply forecasts assumed in TAPCUT can 
be used as indicators of the changes in energy use 
under the alternative policies. The absolute levels 
of energy supply that are forecast in each scenario 
are not directly related to the demand analysis 
undertaken in TAPCUT. The forecast indicating that 
scenario 1 has a greater energy supply than does 
scenario 3, for example, does not support a conclu
sion regarding a lower need for conservation, nor 
are these forecast levels of supply equivalent to an 
official forecast of supply. 

It is important, however, to look at urban trans
portation energy use in the context of the rest of 
the energy users in the economy. Thus the results 
of the direct and indirect energy analyses shown in 
Table 4 are compared here with the TAPCUT fuel 
supply assumptions. In 1980 the 6.6 quads of energy 
required directly and indirectly for urban passenger 
tra~sportation represent approximately 8.3 percent 
of total national energy consumption of BO quads. By 
2000 in scenario 1 and depending on the policy, 
total energy consumption in urban passenger trans
portation represents 3.7 to 4.9 percent of the fore
cast national total of 114 quads. In scenario 3, 
total energy consumption in urban passenger trans
portation represents from 3. 8 to 4. 7 percent of the 
forecast national total of 94 quads. 

In 1980 the 5.6 quads of petroleum required di
rectly and indirectly for urban passenger transpor
tation represent approximately 16 .1 percent of the 
total national petroleum consumption of 35 quads. By 
2000 in scenario 1, total petroleum consumption in 
urban passenger transportation represents 7.0 to 9.4 
percent of the forecast national petroleum total of 
2 6 quads. In scenario 3, total petroleum consump
tion in urban passenger transportation represents 
from 7. 7 to 9. 5 percent of the forecast national 
petroleum total of 34 quads. 

Direct Versus Indirec t Energy Use 

The distribution of fuel types consumed in urban 
passenger transportation changes both directly and 
indirectly between 1980 and 2000, particularly in 
"scenario 1. Excluding the external subsidies, in 
1980 the total energy consumption is 90 percent 
petroleum, 5 percent coal, and 5 percent other 
fuels. By 2000 under scenario 3, the distribution 
changes modestly to 80 to 85 percent petroleum and 7 
to 9 percent coal; the remainder is other fuels. By 
2000 in scenario 1, however, petroleum consumption 
represents just 49 to 53 percent of the total energy 
consumption, coal jumps to 23 to 25 percent, and oil 
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shale 13 to 15 percent: the remainder is other 
fuels. Obviously this change is largely because of 
the use of coal and oil shale as sources of gasoline 
and diesel fuel. 

The relative importance, in terms of energy, of 
the individual components of urban passenger trans
portation (vehicle operation, fuel production, vehi-
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cle manufacturer, and infrastructure construction) 
changes over time and with scenario. The dis tr ibu
tion of energy use by these components under the 
in-place policy in scenario 1 is shown in Figure 7. 
In 1980 direct energy use for vehicle operation 
represents 76 percent of the total energy use as
sociated with urban passenger travel. By 2000 in 

Table 4. Total direct energy consumed in urban passenger travel by primary fuel type and resource fuel. 

Fuel (10 15 Btu) 

Energy Need 

1980 

V: ehicle operation 
Fuel production 
Vehicle manufacture 
Infrastructure construction 
Total 
Percentage of total energy 

without external subsidies 

Petroleum 

5.0323 
0.4479 
0.0862 
0.0607 
5.6271 

90.1 

2000, Scenario 1, In-Place Policy 

Vehicie operation 
Fuel production 
v~h!c!e m~nnfas.:tur~ 

Infrastructure construction 
Total 
Percentage of total energy 

without external subsidies 

2000, Scenario 1, Group Policy 

Vehicle. OpDration 
f'uel prQductlon 
Vehicle manufacture 
Infrastructure construction 
Total 
Percentage of total energy 

without external subsidies 

2.1641 
0.1926 
0,076.9 
0.0286 
2.4622 

52.6 

1.6000 
0.1424 
0.0608 
0.0352 
1.8384 

51.4 

2000, Scenario 1, Individual Policy 

Vehicle operation 
Fuel production 
Vehicle manufacture 
Infrastructure construction 
Total 
Percentage of total energy 

without external subsidies 

2000, Scenario 3, In-Place Policy 

Vehicle operation 
Fuel production 
Vehicle manufacture 
Infrastructure construction 
Total 
Percentage of total energy 

without external subsidies 

2000 Scenario 3, Group Policy 

Vehicle operation 
Fuel production 
Vehicle manufacture 
Infrastructure construction 
Total 
Percentage of total energy 

without external subsidies 

1.7522 
0.1560 
0.0748 
0.1335 
2.1165 

48.6 

2.8802 
0.2563 
0.0594 
0.0283 
3.2242 

84.9 

2.3246 
0.2069 
0.0479 
0.0305 
2.6099 

83.8 

2000, Scenario 3, Individual Policy 

Vehicle operation 
Fuel production 
Vehicle manufacture 
Infrastructure construction 

Percentage of total energy 
without external subsidies 

2.6502 
0.2359 
0.0710 
0.0658 

79.9 

Shale Oil 

0.5059 
0.2029 

0.7088 
15.1 

0.3733 
0.1497 

0.523 
14.6 

0.4090 
0.1640 

0.5730 
13.2 

Coal 

0.2640 
0.0588 
0.3328 
5.2 

0.4920 
0.2949 
0.2802 
0.0304 
1.0975 

23.4 

0.3748 
0.2203 
0.2215 
0.0424 
0.859 

24.0 

0.3885 
0.2268 
0.2873 
0.1730 
1.0756 

24.7 

0.0010 
0.0002 
0.2313 
0.0304 
0.2629 
6.9 

0.0121 
0.0018 
0.1865 
0.0337 
0.2341 
7.5 

0.0106 
0.0016 
0.2679 
0.0680 

9.2 

Natural 
Gas Uranium 

0.1999 
0.0416 
0.2415 
3.9 

O.OOOi 

Q.2584 
0.0198 
0.2783 
5.9 

0.0008 
0.0002 
0.2049 
0.0262 
0.2321 
6.5 

0.0007 
0.0001 
0.2839 
0.1088 
0.3935 
9.0 

0.0001 

0.1978 
0.0194 
0.2173 
5.7 

0.0008 

0.1595 
0.0211 
0.1814 
5.8 

0.0007 

0.2412 
0.0443 

7.6 

0.219 
0.0020 
0.0239 
0.4 

0.0017 
0.0004 
0.0859 
0.0032 
0.0912 
2.0 

0.0107 
0.0025 
0.0684 
0.0047 
0.0863 
2.4 

0.0096 
0.0023 
0.1098 
0.0154 
0.1371 
3.2 

0.0010 
0.0002 
0.0463 
0.0022 
0.0497 
1.3 

0.0113 
0.0027 
0.0374 
0.0024 
0.0538 
1.7 

0.0099 
0.0023 
0.0555 
0.0047 

1.9 

Hydro
electricity 

0.0238 
0.0015 
0.0253 
0.4 

0.0365 
0.0005 
0.0370 
0.8 

0.0001 b 

0.0290 
0.0007 
0.0298 
0.8 

0.0001 

0.0338 
0.0024 
0.0353 
0.8 

0.0326 
0.0007 
0.0333 
0.9 

0.0002 

0.0263 
0.0008 
0.0273 
0.9 

0.0001 

0.0409 
0.0015 

1.1 

Other 

0.0032 

External 
Subsidies" 

0.3598 

0.0032 0.3598 
0.0 

0.0109 
0.0003 
0.0112 
0.2 

0.0089 
0.0004 

0.8861 

0.8861 

0.6567 

0.0093 0.6557 
0.3 

0.0192 
0.0014 

0.7004 

0.0206 0.7004 
0.5 

0.0102 
0.0004 
0.0106 
0.3 

0.0083 
0.0004 

0.5899 

0.5899 

0.4767 

0.0087 0.4767 
0.3 

0.0118 
0.0008 

0.3 

0.5434 

8
Fuels, electrJcity, materials, and equipment required to operate and construct the fuel-production system. Resource fuels are not included. 

b All energy Hsted as uother" in Table 3 is assumed to be hydroelectricity in this analysis. 

Total 

5.0323 
0.8077 
0.5990 
0.1646 
6.6036 

3.1638 
1.5769 
0.7488 
0.0828 
5.5723 

2.3597 
1.1718 
0.5935 
0.1096 
4.2346 

2.5601 
1.2496 
0.8088 
0.4345 
5.0530 

2.8823 
0.8466 
0.5776 
0.0814 
4.3879 

2.3490 
0.6881 
0.4659 
0.0889 
3.5919 

2.6715 
0.7832 
0.6883 
0.1851 

Percentage 
of Total 
Energy 

76.2 
12.2 

9.1 
2.5 

56.8 
28.3 
13.4 

1.5 

55.7 
27.7 
14.0 

2.6 

50.7 
24.7 
16.0 

8.6 

65.7 
19.3 
13.2 

1.8 

65.4 
19.l 
13.0 
2.5 

61. 7 
18.1 
15.9 

4.3 
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Figure 5. Total energy required for urban passenger transportation versus total 
petroleum in scenario 1. 
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Figure 6. Total energy required for urban passenger transportation versus total 
petroleum in scenario 3. • 
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scenario 1, vehicle energy use drops to 51 to 57 
percent of the total, depending on the policy; in 
scenario 3 the decrease is to 62 to 66 percent of 
the total. Energy required for fuel production 
represents 12 percent of the total energy use in 
urban passenger transportation in 1980. By 2000 
fuel production energy in scenario 1 increases to 25 
to 28 percent of the total; in scenario 3 it in
creases to 18 to 19 percent of the total. Energy 
required for vehicle production is 9 percent of the 
total in 1980; by 2000 this increases to 13 to 16 
percent of the total energy in both scenarios. This 
share increases because of the increased number of 
vehicles manufactured in the scenarios rather than 
because of an increase in the energy required to 
produce each vehicle, which declines from 1980 to 
2000. Energy for infrastructure construction repre
sents 2.5 percent of the total energy use in 1980. 
Only under the individual policy in both scenarios 
does it increase to 4.3 to 8.6 percent by 2000. 

The scenario 1 totals for each phase of indirect 
energy under each policy are almost always higher 
than the scenario 3 totals for the equivalent policy 
in both 1990 and 2000. (The only exception is the 
energy required foe vehicle manufacture in 1990 
under the individual policy.) This higher indirect 
energy total generally explains why the scenario 1 
total energy consumption is always higher than that 
of scenario 3 in spite of the similar effect on each 

scenario, for direct energy consumption alone, of 
thes e policies. The major difference among the 
scenarios occurs in the energy required for fuel 
production. As indicated earlier, energy required 
to produce fuel under all policies for both scenar
ios is almost always the greatest proportion of the 
indirect energy in both 1990 and 2000. (In 1990 
under the group travel and individual policies of 
scenario 3, energy for veh i cle manufacture is 
slightly higher.) As stated previously, the totals 
for fuel production are much higher for scenario 1 
than for scenario 3 because of the use of coal and 
oil shale in the derivation of gasoline and diesel 
fuel and because of the use of coal-derived methanol 
in scenario 1. 

CONCLUSIONS 

Some distinct changes are expected to occur in urban 
travel energy use to the end of this century. Energy 
conservation strategies can affect the forecast 
patterns of energy. These projected patterns have 
been examined here. Many assumptions are bu i lt into 
all phases of the analysis; changes in any of these 
assumptions would obviously affect the specific 
totals generated. However, the general results 
would probably not be greatly affected. The most 
important of these results are the following: 

1. A substantial decline in direct energy con
sumed in national urban passenger travel is pro
jected from 1980 to 2000. The 1980-2000 decline 
occurs in both scenarios under all energy-saving 
strategies. 

2. Even when indirect energy (energy for fuel 
production , vehicle production, and infrastructure 
construction) is included, a substantial decline 
between 1980 and 2000 in energy use devoted to urban 
transportation occurs. 

3. The scenario that results in the greatest 
savings of petroleum does not save the greatest 
amount of energy. This occurs in wealthy scenario 1 
largely because more total energy is required to 
produce gasoline and diesel fuel from oil shale and 
coal (and to a lesser extent to produce coal-derived 
methanol, which substitutes for gasoline) than is 
required to produce gasoline and diesel fuel from 
petroleum. In other words, petroleum savings 
achieved through fuel substitution exact a price in 
the form of higher consumption of other fuels, par
ticularly coal. 

4. By contrast, petroleum savings achieved 
through improved vehicle efficiency are not balanced 
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against any increase in energy for vehicle produc
tion. This situation has come about because of the 
large decrease in vehicle weight that occurs by 
2000, which compensates for the forecast increase in 
energy per pound of vehicle inherent in the new 
materials and production processes used in the more 
fuel-efficient cars. 

5. The relative importance of individual com
ponents of urban transportation will change over 
time in either economic scenario. In particular, by 
2000 indirect energy requirements are projected to 
account for at least 34 percent without synfuels and 
up to 49 percent with synfuels of the total energy 
required for urban passenger transportation as op
posed to 24 percent in 1980. The opportunities for 
energy saving in fuel production in particular 
should be identified now to lessen the impact of the 
shift to alternative fuelR. 

6. Indirect energy use can offset some of the 
direct energy savings projected in urban transporta
tion. Total indirect energy consumption increases 
between 1980 and 2000 under the in-place policy in 
one scenario and under the individual policy in both 
scenarios. Thus, when the implications of various 
transportation strategies on direct energy use in 
vehicle operation are examined, the energy consumed 
indirectly must be considered. 
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The California Freight Energy Demand Model 

HERBERT WEIN BLATT 

The freight model of the California Energy Commission transportation model 
system is designed to analyze rail and truck competition and to produce de
tailed projections through 2002 of activity and energy consumption within 
California of all trucks and of rail-freight operations. The rrodel is also de· 
signed to analyze the potential effects of public policy on such transportation 
activity and energy consumption. A slightly simplified description of the en
tire model as it is now planned plus projections produced by the phase-1 model 
are presented, The phase· 1 model consists of the truck-transportation com· 
ponents of the entire model plus a limited capability for projecting aggregate 
rail-freight energy consumption. Rail and truck competition and a more 
disaggregate rail-freight sector have been introduced in the phase-2 version of 
the model. 

The California Energy Commission (CEC) transporta
tion model system consists of a freight model (]J, 
an automobile model <ll, and a transit model (3). 
The freight model is designed to analyze rail ; nd 
truck competition and to produce detailed projec
tions through 2002 of activity and energy consump
tion within California of all trucks and of rail
freight operations. The model is also designed to 
analyze the potential effects of public policy on 

such transportation activity and energy consumption . 
The freight model was implemented in two phases. 

The first was completed in August 1982, and the 
second was completed in June 1983. 

A slightly simplified description of the entire 
model as it is now planned plus projections produced 
by the phase-1 model are presented. The phase-1 
model consists of the truck-transportation compo
nents of the entire model plus a limited capability 
for projecting aggregate rail-freight energy con
sumption. Analyses of rail and truck competition 
and a more disaggregate rail-freight sector were 
implemented in early 1983. 

In the first section of this paper various ways 
are described in which the basic variables of the 
model are disaggregated. In the second section the 
estimation of the base-year data used by the model 
is described. The ope r ation of the model and a 
summary of the base-case projections produced by the 
phase-1 model are covered in the third and fourth 
sections, respectively. 
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THE BASIC VARIABLES 

In the freight model single-unit trucks are clas
sified into six size categories: 

Class 1: up to 6, 000 lb gross vehicle weight 
(GVWJ I 

Class 2: 6,001 to 10,000 lb GVW, 
Classes 3-5: 10,001 to 19,500 lb GVW, 
Class 6: 19,501 to 26,000 lb GVW, 
Class 7: 26,001 to 33,000 lb GVW, and 
Class 8: more than 33,000 lb GVW. 

In addition three categories of tractor-trailer 
combination vehicles are distinguished by the model: 
single trailer, douhle trailer, and triple trailer. 
Triple trailers are not permitted in California now 
but could be in the future. 

Within each size category, three to five of the 
following body types are distinguished: 

1. Pickup, 
2. Van, 
3. Platform or flatbed, 
4. Dump or garbage, 
5. Tank, 
6. Cement mixer, 
7. Utility vehicle (e.g.' jeep or similar vehi-

cle), and 
8. Other. 

In all, a total of 40 different size and body-type 
combinations are classified. In Table l the numbers 
identify the sequence in which data relating to the 
40 vehicle types are stored in the model. For each 
size category, the "other" body type is used for all 
body types not separately identified for that size 
category (e.g., "other class-1 vehicles" consists of 
all class-1 vehicles except pickups and utility ve
hicles). 

In addition to vehicle type, trucks and vehicle 
miles of travel (VMT) are classified by 

1. Activity or commodity, 
2. Fuel type, 
3. Local or nonlocal operation, 
4, Age, and 
5. Region. 

The activity or commodity indicator distinguishes 
vehicles by use. The 17 activities or commodities 
so distinguished are shown in the following: 

1. Fruits and vegetables, 
2. Agricultural products, 

Table 1. Vehicle size and body-type categories. 

Body Type 

Platform or 
Size Category Pickup Van Flatbed 

Truck 
Class 1 ( < 6 ,000 lb GVW) 3 
Class 2 (6,001to10,000 lb GVW) 5 6 7 
Classes 3-5 (10,001to19 ,500 GVW) 9 10 
Class 6 (19 ,501 to 26 ,000 lb GVW) 13 14 
Class 7 (26,00 I to 33,000 lb GVW) 17 18 
Class 8 (> 33,000 lb GVW) 21 22 

Combination 
Single trailer 26 27 
Double trailer 31 32 
Triple trailer 36 37 

Note: Numbers identify sequence in which data are stored in the model . 

• 

27 

3. Construction and mining, 
4. Timber and lumber, 
5. Food products, 
6. Paper products, 
7. Chemicals, 
8.. Primary metals, 
9. Machinery, 

10. Other manufacturing, 
11. Household goods movement, 
12. Motor homes, 
13. Retail trade, 
14. Wholesale trade, 
15. Utilities, 
16. Services, and 
17. Personal-use trucking. 

The first 10 activities include a significant 
commodity-transport component, which receives 
special consideration in projecting the demand for 
trucking and rail-truck competition. The 17 
activities consist of 15 commercial activities plus 
household goods movement (category 11) and other 
personal-use trucking (category 17), (Category 1 is 
not distinguished separately in the phase-1 model.) 

Truck fuel types distinguished by the freight 
model are gasoline, diesel fuel, liquefied petroleum 
gas (LPG) and liquefied natural gas (LNG), and 
methanol. Eleven age categories are distinguished i 
all vehicles 10 or more years old are combined into 
a single category. Finally, for purposes of all 
projections, the state of California is divided into 
five multicounty regions: San Francisco, Los 
Angeles, San Diego, Sacramento, and the rest of 
state. 

Railroad traffic is measured in ton miles and 
classified by railroad car type, commodity, and 
region. Seven types of railroad car are distin
guished: conventional boxcar , refrigerated boxcar, 
tank, gondola, hopper, automobile rack, and trailer 
on flatcar (TOFC) • The commodities distinguished 
are the first 10 shown in the list given previously. 
The stock of railroad cars is not explicitly repre
sented within the model. 

BASE:..YEAR DATA 

The base-year data used by the freight model provide 
the starting point from which all projections are 
developed. There are four categories of base-year 
data used by the freight model proper: 

1. The stock of single-unit and combination 
trucks based in California, 

2. The VMT in California by each category of 
truck, 

Dump or Cement 
Garbage Tank Mixer Utility Other 

1 4 
2 8 

11 12 
15 16 
19 20 
23 24 25 

28 29 30 
33 34 35 
38 39 40 
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3. The volume of truck and rail f!'"eight move
ments (in ton miles) in California of commodities 
1-4 (as defined previously) and of nonlocal move
ments of commodities 5-10, and 

4. The stock and VMT of commercial-use automo
biles. 

The base year used for all data except the automo
bile data is 1977. For compatibility with the auto
mobile model, the base year used for automobile data 
is 1980, The development of the base-year data used 
by the freight model is described in the following. 

Trucks and Combinations 

The number of trucks and tractors registered in 
California in the base year (1977) was obtained by 
size category, fuel type, vintage, and region from 
R.L. Polk and Company data supplied by CEC <!-2>. 
The 1977 Light Truck File was used as the basis for 
class-1 and class-2 trucks; and the 1977 Domestic 
Car File and Import Car File were used as the basis 
for class-1 and class-2 passenger vans. Because 
1977 data were not directly available for medium and 
heavy trucks, 1977 registrations were estimated from 
data in the 1978 and 1979 Medium and Heavv Truck 
Files on the basis of 1978 registrations and attri
tion rates inferred by comparing 1978 and 1979 data. 

Data from the 1977 Truck Inventory and Use Survey 
(TIUS) (_!!) were then used to scale these vehicle 
counts so that they would represent the number of 
vehicles based in California (and in each of the 
five regions) rather than the number of vehicles 
registered there. Polk and TIUS data were used to 
distribute class-1 and class-2 trucks over the var
ious body types distinguished by the model, and TIUS 
data were used to perform corresponding distribu
tions for single-unit trucks of classes 3-7. The 
body-type distribution of combinations and class-8 
trucks was also inferred primarily from TIUS but 
also reflects commodity information obtained from 
the 1977 Commodity Transportation Survey (CTS) (9). 

Vehicles were distributed by activity or co~od
i ty and normal range of operation (local and nonlo
cal) on the basis of TIUS data. Vehicles were allo
cated to the 17 activity and commodity uses on the 
basis of TIUS distributions of California vehicles 
by major use and commodity carried. 

In the resulting matrix of base-year vehicle 
stock, California-based trucks are distinguished by 

1. Vehicle type (40), 
2. Normal activities or commodities carried (17), 
3. Fuel type (4), 
4. Normal range of operation (local or nonlocal), 
5. Age (11), and 
6. Region (5). 

It is readily determined that the base-year vehi
cle stock matrix contains 299,200 distinct cells 
(many of which are empty). Although much of the 
data is derived from Polk's census of vehicle regis
tration data, the activity or commodity and range of 
operations attributes were derived entirely from the 
TIUS data for California-based vehicles, and for 
medium and heavy trucks, the body-type distributions 
were derived from TIUS as well. TIUS contains re
sults from a survey of 3,534 vehicles. Accordingly, 
this matrix, and matrices derived from it, should 
not be inspected unless suitable aggregation has 
first been performed. 

Ton Miles 

The volume of base-year truck transport of manufac
tured products measured in ton miles was derived 
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from a special tabulation of data from the 1977 CTS 
that had been performed by the U.S. Bureau of the 
Census for the Transportation Systems Center (TSC) 
of the u.s. Department of Transportation (9). This 
tabulation contains the CTS in a form that identi
fies origins and destinations by 173 Bureau of Eco
nomic Analysis (BEA) economic regions. 

The base-year estimates of truck transport of 
manufactured products in California were derived 
from CTS data on shipments originating or terminat
ing in the state or both. (Truck transport through 
California of goods that both originate and termi
nate elsewhere was assumed to be negligible.) Esti
mates of ton miles transported within each of the 
five California regions were derived by identifying 
the routes within California that would most likely 
be used for transport between BEA region pairs, 
estimating average mileage within each region for 
each route, and combining this information with the 
CTS data on tons transported between BEA region 
pairs. 

The results of these analyses are estimates of 
the volume of manufacturing shipments transported by 
seven commodity groups (nos. 4-10) and five regions. 
The types of vehicles used for transporting each 
commodity group were inferred from national TIUS 
data and then modified on the basis of California 
TIUS data to reflect the greater use of dQUble 
trailers in California than nationally. The ship
ments were assigned to vehicle types on the basis of 
this distribution and split between local and nonlo
cal movements on the basis of California TIUS data. 

These results were supplemented by estimates of 
the volume of transport of goods in the nonmanufac
tur ing sectors (agriculture, construction and min
ing, and transport of household goods) derived from 
estimates of VMT by heavy-duty vehicles (combina
tions and class-8 single-unit trucks) in these 
sectors. The VMT estimates were derived from Cali
fornia TIUS data and converted to ton miles on the 
basis of average effective payload by vehicle type 
and range of operation. All estimates of base-year 
truck-transport volume were then scaled to be con
sistent with the final estimates of base-year VMT 
(see next section). 

Estimates of ton miles transported by rail are 
being developed by commodity and region from 1977 
railroad waybill data (10) with a procedure similar 
to that used for the CTS data. 

VMT 

The base-year estimate of VMT waR dP.rived a~ a com
posite of estimates from three independent sources. 
The first set of estimates was based on the esti
mates of base-year vehicle stock derived from Cali
fornia Polk and TIUS data. These estimates were 
multiplied by estimates of average VMT (by vehicle 
type, fuel type, age, and range of operation) de
rived from national and California TIUS data. The 
result was a set of VMT estimates for each of the 
vehicle categories represented in the model. 

A second set of VMT estimates was based on the 
estimates of base-year ton miles of manufacturing 
shipments by motor carrier derived from CTS data. 
It was assumed that virtually all shipments of manu
factured products would be made in class-8 trucks 
and single- or double-trailer combinations. For 
each commodity category, the relative amount of VMT 
of each of the corresponding vehicle types was in
ferred from national TIUS data and from thP. "'nnnal 
VMT estimates and then adjusted on the basis of 
California TIUS data to reflect the greater use of 
double trailers in California. The actual amount of 
VMT required for each of these commodity categories 
was then der.ived by dividing the ton-mile estimates 
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by average effective payload estimates by commodity 
and vehicle type derived from data from the Truck 
Weight Study (11,12) and from the study of empty 
versus loaded ~rucks by the Interstate Commerce 
Commission (ICC} (13). The result was a second set 
of VMT estimates for commodities 4-10 transported in 
heavy vehicles. 

The Polk and TIUS data were judged to yield bet
ter estimates of VMT than the· CTS data. The CTS 
data, on the other hand, provided substantially 
better identification of the manufactured commodi
ties carried. Accordingly, the CTS estimates of VMT 
by commodity were scaled by vehicle type to Polk or 
TIUS control totals of VMT of heavy trucks trans
porting manufactured goods. The resulting VMT esti
mates for commodities 4-10 transported in heavy 
trucks were then combined with the original Polk or 
TIUS VMT estimates for the remaining commodities and 
vehicle types to provide a complete set of VMT esti
mates corresponding to the base-year vehicle stock. 

The 1980 fuel-consumption implications of the 
resulting VMT estimates were then determined and 
compared with estimates of truck fuel consumption 
derived from data on annual highway fuel consumption 
in California <!!> and from automobile model <l> and 
transit model <1.> fuel consumption estimates. On 
the basis of this comparison, these estimates were 
further scaled by reducing all values of average VMT 
so that freight model projections of 1980 diesel 
fuel consumption would be consistent with that de
rived from the other data sources. 

Commercial-Use Automobiles 

For the CEC transportation model system, commercial
use automobiles are defined as automobiles in fleets 
of four or more that are garaged at a company facil
ity. Such vehicles are assumed to be vehicles that 
are used entirely or primarily for company purposes 
and hence whose use may be appropriately projected 
on the basis of forecast changes in the California 
economy. Vehicles not garaged at a company facility 
are assumed to be primarily automobiles used for 
personal as well as company purposes and whose char
acteristics can best be projected by the automobile 
model. The base year for commercial-use automobile 
data was taken to be 1980 for consistency with that 
used by the automobile model. 

Estimates of the average mileage and age dis tr i
bution of commercial-use vehicles and of the number 
of vehicles in fleets of 10 or more were developed 
from survey data collected in late 1981 by the Bobit 
Publishing Company under contract to CEC (15). The 
number of automobiles in fleets of 4 to 10 was esti
mated as the ratio of the national 1980 population 
of these vehicles (16) to the national 1980 popula
tion of privately o~ed automobiles (17) multiplied 
by the California 1980 population of privately owned 
automobiles (17). The age and average annual mile 
distributions for fleets of 4 to 10 were assumed to 
be the same as those for fleets of 10 or more. The 
resulting estimates were taken to be an appropriate 
representation of the 1980 population of commercial
use automobiles in California. (Because of the low 
rate of growth in the automobile fleet in recent 
years and the uncertainty . of the population esti
mate, it was not thought worthwhile to scale from 
1981 totals to 1980 totals.} 

MODEL OPERATION 

Projections by economic sector of growth in produc
tion, shipment value, or employment within Califor
nia have been developed in a parallel CEC effort. 
These projections are used as the basis for project
ing growth in freight volume by commodity and growth 

29 

in VMT of commercial-use class-1 through class-7 
single-unit trucks by economic sector. Growth in 
commercial-use automobile VMT is similarly projected 
by the freight model for use by the automobile 
model: these projections are 'developed on the basis 
of projected growth in employment in the service and 
retail and wholesale trade sectors. Projected 
changes in the vehicle stock and VMT of personal-use 
class-1 and class-2 trucks are developed by the 
automobile model for use by the freight model. 

The VMT projections allow for some replacement 
over time of class-2 and class-3 trucks by class-1 
and class-2 trucks and of class-6 and class-7 trucks 
by class-7 and class-8 trucks. The rate of such 
downsizing and upsizing is user specified. Other
wise, the freight model assumes that for each eco
nomic sector, the distribution of use for trucks of 
classes 1-7 by vehicle type, range of operation, and 
region will remain the same as that observed in the 
base year. 

A modal-diversion capability for the model is now 
being developed. The modal-diversion analysis will 
be applied by commodity to all traffic that is truck 
or rail competitive. Shifts in mode split will be 
projected on the basis of changes in relative modal 
costs and estimates of the overall sensitivity of 
the modal choice of each commodity group to changes 
in relative cost. Changes in modal costs will re
flect projected changes in fuel efficiency as well 
as exogenous projections of the real cost of fuel, 
taxes, and other components of modal cost and exoge
nous specification of changes in truck size and 
weight limits. The results of this analysis are 
estimates of truck and rail traffic in California 
by commodity and region for competitive movements. 
This traffic is then assigned to truck type and 
railroad-car type on the basis of base-year distri
butions. The 'vMT of trucks transporting such com
modities will be determined by dividing by average 
effective payload. 

Projections of truck stock are developed in each 
year by applying age-specific survival rates to the 
preceding year's stock, multiplying by annual VMT 
(by vehicle type and age) , subtracting the resulting 
estimates of VMT of the existing vehicle fleet from 
the projections of total VMT (by vehicle type), and 
determining the number of new trucks required. The 
survival rates used for medium and heavy trucks and 
tractors are adapted from those estimated by Ken
worth Trucking Company from R.L. Polk and Company 
data as quoted by Energy and Environmental Analysis 
(EEA) (18). Those for light trucks were derived by 
EEA (19~from NHTSA (20). 

Th-;;- number of ne;-methanol vehicles by type is 
determined on the basis of exogenous projections, 
and the number of new LPG or LNG vehicles is deter
mined so as to maintain their relative importance in 
each vehicle category. The fraction of the remain
ing new vehicles that will be diesel is then esti
mated as a function of the fraction that were diesel 
in the previous year, an exogenous trend, and the 
lagged change in the relative cost of gasoline and 
diesel fuel. 

Fuel consumption of trucks is projected by multi
plying estimated VMT times fuel efficiency by vehi
cle type, fuel type, and vintage. For class-8 
single-unit trucks and all combinations, payloads 
are also considered in this calculation. Fuel con
sumption of rail transport is projected on the basis 
of estimated ton miles transported and average fuel 
efficiency by car type. 

The fuel efficiency of pre-1978 gasoline and 
diesel trucks of classes 1-7 was derived by vehicle 
type and vintage from TIUS data. The fuel efficiency 
of pre-1978 combinations and class-8 trucks as a 
function of payload was derived from data used in 
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Table 2. Pr~jeeterl imp!'~'!!!ment in f!..!e! 
Improvement Rate(%) efficiency. 

Gasoline Diesel 

Class Class Classes Class Classes Class Class Classes Class Classes 
Period I 2 3-5 6 7,8 l 2 3-5 6 7,8 

197 8-1 98 2 7 4 1 3 1 2 4 4 1.3 I 3 
1983-1 985 5 5 1.3 I 2 4 4 1.3 1 3 
1986-1 990 3 3 L3 I 1.3 4 4 1.3 I 1.3 
199 1-1 995 2 .5 2.5 0 .5 0 .5 0 .8 1.5 1.5 0 .5 0 .5 0.8 
1996-2002 1 1 0 .1 0 .1 0 .2 I 1 0.1 0 .1 0 .2 

Note : Efficiencies projected for model year 2002 in miles per gallon are as follows. Gasoline: class 1, 29.2; class 2, 21 .4; classes 3-5, 
8.9; class 6, 6.6; cJass~s 7 and 8, de(>endent on payload. Diese l : class 1, 36.9;class 2, 31.2; classes 3-5, 13.4; class 6, 9.8; 
cl~sses 7 and 8, dependent on pay]oad. 

Table 3. Truck ton-mile projections. 

Volume Proj ected (billions of ton miles) 

Commodity Group 1977 1980 1990 2002 

Agricultural products 8 . 13 8.36 10 .12 11 .02 
Const ructio n and mining 9 .46 9.28 10.60 10 .74 
Timber and lumber 1.52 1.52 1.57 1.59 
Food products 2.1 2 2.18 2 .64 2.87 
Paper produ cts I .47 1.72 2.14 2 .72 
Chemicals 0.59 0.62 0.74 0.97 
Primary metals 0 .32 0.36 0.50 0.62 
Machinery 0.21 0.26 0.50 0.90 
Other manufacturing 2.20 2.35 3.21 4.05 
Household goods movement 0 .35 0.38 ~ .JW 

To tal 26 .38 27.02 32 .48 36.00 

the Truck Size and Weight Study (21) as was the fuel 
efficiency of rail transport by ca; type. Projected 
rates of improvement in fuel efficiency for 1978 and 
subsequent years are provided to the model exoge
nously. Those now in use are shown in Table 2. The 
improvement rates shown for light trucks are the 
same as those used in the automobile model; those 
shown for heavy trucks are based on projections 
developed by EEA (22) through 1985 and by Argonne 
National Laboratory (1,}) • Fuel efficiencies for 
methanol vehicles are assumed to be 0. 6 times those 
of corresponding gasoline vehicles, and those of LPG 
or LNG vehicles to be 0.95 those of gasoline vehi
cles. 

RESULTS 

In this section a summary of the base-case projec
tions produced by the phase-1 freight model for 
1977-2002 is given. The complete projections for 
,;elected years (1977, 1980, 1982, 1985, 1990, 1995, 
2000, and 2002) are contained in the appendix to the 
freight model report (,!_) • 

Freight Volume 

Proiections of the volume of freight traffic trans
ported by truck are shown in Table 3 for the first 
11 commodity groupings. These projections, like all 
those produced by the model, represent transport 
occurring within California and include an estimate 
of the California portion of Interstate transport. 
The figures represent the estimated volume of all 
transport in tractor-trailer rigs and class-8 sin
gle-unit trucks of the first four commodity groups 
r aqr icultural products (qrouos 1 and 21 • cons truc
tion and mining, and timber and lumber] as well as 
nonlocal transport in these vehicles of the remain
ing seven commodity groups. 

As can be seen from Table 3, two-thirds of the 
transport of these commodities consists of agiicul-

Table 4. VMT projections by commodity group. 

VMT Proj ected (millions of vehicle miles) 

Commodity Group 1977 1980 1990 2002 

Agricultural products 3,134 3,223 3,898 4,245 
Constru ction and mining 3,206 3,092 3,788 3,843 
Timber and lumber 396 400 4l4 417 
Fo od produ cts 238 244 296 322 
Paper pro du cts 179 208 259 330 
Chemicals 74 79 95 124 
Primary metals 113 125 173 215 
Machinery 39 47 93 166 
Olher m et nufa cturing 699 747 l,019 1,286 
House hold goods mo vement 419 448 550 611 
Mo tor ho mes 196 228 139 162 
Retail trade 2,154 2 ,508 3,153 3,917 
Wholesale trade 1,960 2,282 2,818 3,014 
Utilit ies 570 664 843 868 
Services 3,761 4,380 6,174 7,801 
Perso nal-use trucks 20,248 ~J 24,987 35,281 

Toca! j I ,38'.> 44,777 48,699 62,600 

tural products and construction and mining products. 
(Mining products transported by truck in California, 
in terms of tonnage / consist primarily of construc
t ion materials such as sand and gravel and crushed 
stone, so these products have been combined with 
construction materials within the model.) 

The projections in Table 3 show slight growth in 
the transport of timber and lumber through 2002 and 
greater growth in the transport of the other com
modities (although a slight dip was estimated for 
construction and mining materials between 1977 and 
1980). The growth rates are projected to be greatest 
for several manufacturing pronnct!'l; trnck tran!'lport 
of machinery is projected to quadruple in the 25-
year period covered. Overall, truck freight volume 
is projected to increase by 36 percent through 2002. 
All projections shown in Table 3 are based primarily 
on CEC economic projections by sector. 

VMT 

ProjP.ction!'l of VM~ for truck~ in California are 
shown in Table 4 for 16 activities and conunodities, 
the first 10 of which correspond to the 10 commodi
ties given in Table 3. The other six catego r ies are 
motor-home use, personal-use trucking, and four 
cornrnercial activities. 

The projections shown in Table 4 represent VMT of 
all trucks, not just the combinations and class-8 
trucks represented in Table 3. The projections for 
VMT of commP.rcinl-n!'<P vPhiclP"- howpvpr. 1 ikP t.hP 
freight-volume projections of Table 3, are based 
primarily on CEC economic projections by sector. 
Accordingly, growth in VMT of commercial-use trucks 
exhibits much the same pattern as growth in freight 
volume. The VMT projections for personal-use trucks 
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Table 5. VMT projections by vehicle category. 

VMT Projected (millions of vehicle miles) 

Vehicle Category 1977 1980 1990 2002 

Truck 
Class I 

Pickup 13,245 16,061 20,354 28,904 
Utility 1,055 1,442 827 1,092 
All other 5,653 7,509 5,534 7,679 

Class 2 
Pickup 7,468 8,570 9,460 10 ,843 
Utility 229 262 227 233 
Van 3,470 4,172 3,821 4,167 
All other 199 242 320 357 

Classes 3-5 338 291 302 301 
Class 6 1,043 1,093 1,270 1,295 
Class 7 110 148 308 499 
Class 8 
Dump or garbage 181 197 246 282 
All other 29 4 323 414 486 

Combina tion 
Single trailer 
Van 1,589 l ,770 2,271 2,666 
Platform or flatbed 464 497 614 697 
Dump or garbage 183 182 211 218 
Tank 282 312 400 471 
Other 76 83 107 125 

Double trailer 
Van 794 886 1,129 1,325 
Platform or flatbed 335 350 422 462 
Dump or garbage 178 180 213 225 
Tank 140 144 172 186 
Other -22 ~ __ 7_8 ___!§ 

Total 37 ,385 44,777 48,699 62,600 

Table 6. Vehicle stock projections by vehicle category. 

Stock Projected (thousands) 

Vehicle Category 1977 1980 1990 2002 

Truck 
Class I 

Pickup 1,256 1,546 1,707 2,250 
Utility 99 135 76 90 
Other 529 685 478 602 

Class 2 
Pickup 746 899 962 974 
Utility 20 23 25 23 
Van 258 312 319 304 
Other 25 31 44 43 

Classes 3-5 39 33 24 18 
Class 6 83 87 78 73 
Class 7 8 9 15 24 
Class 8 

Dump or garbage 9 10 12 13 
Other 11 12 15 17 

Tractor ___fili _J12 _llQ _ill 

Total 3,169 3,873 3,863 4,55 3 

are developed by the automobile model and those for 
class-1 and class-2 motor homes are inferred from 
automobile model projections. 

VMT of personal-use trucks are estimated to ac
count for 54 percent of total truck VMT in 1977 and, 
despite a dip between 19BO and 1990, this percentage 
is projected to rise to 56 percent in 2002. Largely 
because of relatively rapid growth in the non-goods
movement sectors, greater growth in VMT between 1977 
and 2002 (67 percent) is shown in Table 4 than is 
shown for traffic transported by trucks (36 percent) 
in Table 3. 

In Table 5 the VMT projections are given by vehi
cle category. Light trucks accounted for B4 percent 
of total VMT in 1977, and this percentage is pro
jected to increase slightly to BS percent in 2002. 
Steady growth in VMT is projected for most vehicle 
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categories, although a dip is projected for several 
categories of class-1 and class-2 trucks between 
1980 and 1990, and as a result of continued downsiz
ing, VMT of trucks in classes 3-5 is projected to 
decline throughout this period. The greatest per
centage of increase in use is projected for class-7 
trucks, which, as a result of upsizing of class-6 
trucks, are projected to contribute about 4.5 times 
as much VMT in 2002 as in 1977. 

Vehicle Stock 

Projections of California truck and tractor stock by 
vehicle category are shown in Table 6. The projec
tions produced by the model indicate that vehicle 
stock will grow somewhat more slowly than VMT. This 
is primarily because of a projected increase in the 
use of diesel trucks and an assumption, embedded in 
the model's structure, that the average annual VMT 
of commercial-use vehicles is determined by the 
vehicle type, fuel type, age, and whether they are 
primarily used locally but not by other use charac
ter is tics. To the extent that other use character
istics affect average VMT, the model may underesti
mate the effect on the average VMT of diesel 
vehicles of their increasing substitution for 
gasoline-powered vehicles. Accordingly, the truck 
stock projections may be understated in those 
categories in which a significant conversion to 
diesel trucks is projected (classes 1-6). 

As shown in Table 6 a substantial decline is 
projected in trucks of classes 3-5 (largely as a 
result of upsizing), and more moderate declines are 
projected in the number of class-6 trucks (as a 
result of downsizing) and in class-1 utility vehi
cles (e.g., jeeps). On the other hand, substantial 
increases are projected in the number of class-7 
trucks (as a result of upsizing) and in the numbers 
of class-1 pickups and miscellaneous class-2 vehi
cles. The decline in the number of utility vehicles 
and the increase in the number of pickups are 
largely caused by a projected shift in the relative 
personal-use popularity of these two vehicle types. 
Overall, vehicle stock is projected to increase by 
44 percent between 1977 and 2002, and the number of 
light trucks is projected to rise from 92.5 percent 
to 94 percent of the total. 

Fuel Consumption 

Projections of California gasoline and diesel-fuel 
consumption by truck category are shown in Table 7 
along with projections of diesel-fuel consumption by 
rail-freight operations. Despite a 67 percent in
crease in truck VMT between 1977 and 2002, total 
truck fuel consumption (in gallons), exclusive of 
the rail-freight component, is projected to decline 
by 20 percent between 1977 and 2002. This decline 
is caused by improved fuel efficiency (especially 
among light-duty trucks) and the greater fuel effi
ciency of diesel engines. 

The model, which prints fuel consumption projec
tions for each year between 1977 and 2002, estimates 
that gasoline consumption by trucks in California 
peaked in 1980 at 3.3 billion gal and will decline 
to 1. 35 billion gal in 2002. Diesel-fuel consump
tion is expected to grow from 1. 2 billion gal in 
1977 to 2.1 billion gal in 2002. 

It can be seen that a switch to diesel fuel is 
projected for all categories. By 2002, gasoline 
consumption by combinations and class-8 single-unit 
trucks is projected to drop to almost zero, and 
diesel fuel is also projected to become the dominant 
fuel for class-6 and class-7 trucks. An increasing 
portion of fuel consumed by light-duty (classes 1 
and 2) and medium-duty (classes 3-5) trucks is also 
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Table 7. Projected gasoline and diesel-fuel consumption by vehicle category. 

Fuel Consumption Projected (millions of 
gallons) 

Vehicle Category 1977 1980 1990 2002 

Truck 
Class 1 

Gasoline 1,553 1,824 1,136 855 
Diesel fuel 0.03 16 130 395 

Class 2 
Gasoline 1,132 1.218 809 468 
Diesel fuel 0.6 1.5 71 206 

Classes 3-5 
Gasoline 51 41 26 10 
Diesel fuel 0.2 0.2 7 16 

Class 6 
Gasoline 179 161 48 12 
Diesel fuel 7 21 107 125 

Class 7 
Gasoline 15 13 8 3 
Diesel fuel 10 16 ~9 64 

Class 8 
Gasoline 12 8 1 0. J 
Diesel fuel 88 94 99 104 

Combination 
Gasoline 36 33 7 0.7 
Diesel fuel 828 854 849 880 

Raiiroad 
Diesel fuel _ill_ ~ --1.Qi_ ~ 
Jotal 
Gaso1ine 2,977 3,298 2,036 1,349 
Diesel fuel 1,179 1,257 1,606 2,138 

projected to be diesel fuel. The increased use of 
diesel fuel reflects, in part, CEC projections of an 
increasing real price difference between gasoline 
and diesel fuel and thus may be slightly overstated. 
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Individual Responses to Rising Gasoline Prices: 

A Panel Approach 

ROGER B. TRENT AND CECIL R. POLLARD 

A panel survey design is used to study how individual motorists responded to 
rising gasoline prices during the latter half of the 1970s. Data on past and fu
ture responses to rising gasoline prices were obtained in 1975, 1976, and 1980; 
the responses were coded into three categories: drive less, other economy mea
sures, and no change. Almost all drivers reported some effect of gasoline prices, 
and by 1980 most drivers were prepared either to drive less or to pay up to 
$2.00/gal to maintain their current level of driving. Analysis of trend data sug
gests that many drivers do eliminate some of their discretionary driving when 
gasoline prices rise, particularly when the rate of increase is faster than the in
crease in inflation. 

This research is an attempt to describe the patterns 
of responses made by drivers as gasoline prices rose 
sharply during 1974-1980. Some responses cope with 
costs by making travel more efficient, whereas 
others simply limit travel without making it more 
efficient. Some information on changing travel pat
terns is available in the form of aggregate data, 
such as overall gasoline consumption and changes in 
transit ridership from one year to the ne~t. These 
aggregate trends will be examined, and so will the 
trends in individual travel behavior in a panel of 
respondents. The panel data will allow the examina
tion of individual responses in some detail. More
over, because these respondents were interviewed up 
to three times during the period under examination, 
it will be possible to determjne which coping strat
egies are attempted for a short time and then aban
doned and which are more resilient in that respon
dents continue to use them. Thus, it will be 
possible to differentiate long-term from short-term 
responses to rising gasoline prices. 

METHODS ANO DATA 

In a transportation survey in the spring of 1975, 
the researchers asked respondents a series of ques
tions about their travel behavior, among them, how 
they would respond if the price of gasoline rose to 
$1. 00/gal. In surveys in 1976 and in 1980, more 
questions concerning travel behavior and response to 
rising gasoline prices were asked. These data are 
the basis of the analysis in this paper. 

The study design is a panel survey in which the 
respondents in the first survey (1975) are reinter
viewed in the second and third surveys (1976 and 
1980). This design allows direct assessment of how 
individuals change over lime in contrast to the 
normal cross-sectional survey that allows only as
sessment of changes in aggregates. The panel is the 
preferred design for microanalysis of change. 

In 1975 a representative sample of 305 nonstudent 
adult householders in an Appalachian city of about 
38,000 population (1), including its surburban 
fringe, was selected.- Students, whose travel pat
terns, car ownership rates, and length of tenure in 
the local area tend to be distinct from those of the 
nonstudents, were excluded from the survey. In 1976, 
221 of the original 1975 sample plus a supplementary 
sample of 102 new respondents were reinterviewed. 
The panel was continued in 1980 when 195 of the 
total of 323 respondents from the 1976 survey were 
reinterviewed. In essence, a panel of respondents 
was followed over the 5-year period; each respondent 
was interviewed two or three times. The shrinkage 
in the sample represents those who moved from the 
area, died, refused to be reinterviewed, or could 

not be located. The combined result of panel 
shrinkage and the drawing of supplementary samples 
is a series of sample sizes, depending on which pair 
of surveys is compared. Sample size is also af
fected by the exclusion of respondents who do not 
own vehicles. 

Before the panel data are analyzed, the trends in 
the changing gasoline prices and the possible re
sponses on the part of the driving public will be 
examined. This analysis uses two kinds of aggregate 
trend data. Whenever possible, local or regional 
data are used. In cases where local or regional 
data are either unavailable or inappropriate, na
tional data are used as an approximate indicator of 
the local situation. In a subsequent section, panel 
data from the survey region on individual responses 
to gasoline price increases are examined. 

CHANGING TRAVEL SITUATION: 1974-1980 

The Gasoline Crisis 

The gasoline er is is consists of gasoline shortages 
and rising prices following the Arab oil embargo of 
1973. Shortages appeared to have had only a tempo
rary effect on gasoline consumption <ll, but it is 
not clear what effect rising prices had. The years 
following the embargo witnessed rising gasoline 
pr ices and persistent inflation in pr ices of other 
commodities as well. Al though "creeping inflation 
is generally characterized by a reduction in discre
tionary expenditure" (.2_), these reductions are not 
the same in all purchase categories. Differential 
reductions in consumption, or substitution effects, 
will occur for i terns the pr ices of which become 
dearer relative to the prices for other items (_i). 
Substitution effects inevitably occur, because in
flations always alter the relative prices of goods 
and services <2>· In the case of gasoline this im
plies, first of a11, that the portion of a con
sumer's gasoline purchases that is used for discre
tionary driving should show a higher elasticity than 
gasoline purchases for nondiscretionary driving. To 
the extent that motorists make both discretionary 
and nondiscretionary trips, gasoline may be elastic 
to the point where most discretionary driving is 
eliminated, after which point it may become inelas
tic. This argument will be pursued later. 

A second implication of the relativity of substi
tution effects during inflation is that motorists 
probably base their purchase decisions over time not 
on gasoline prices per se but rather on relative 
gasoline prices [i.e., prices adjusted by the con
sumer price index (CPI)]. Both nominal (pump) 
prices and inflation-adjusted prices are given in 
Figure 1 to show the difference between the two 
types (_!!). (Figure 1 shows average national prices 
because accurate and relevant localized prices were 
unavailable for the study area.) 

First consider the retail pump price, the upper
most trend line in Figure 1. The pr ice rises ex
perienced by drivers during this period are much 
greater after 1978 than before. The price of gaso
line in 1974 was $0.52/gal, but the price was up to 
$0. 63 in 1977. This represents a yearly annual in
crease of about 5 percent. As shown in the graph, 
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the price rose sharply from 1977 to 1980 (a 32 per
cent ann•1al increase). The lower trend line in Fig
ure 1 is the retail pump price of gasoline adjusted 
by the CPI ("real" price). Whereas the upper trend 
1 ine represents the numbers on the gasoline pumps 
that motorists faced every week, the lower trend 
line represents the relative cost of gasoline com
pared with other typical consumer expenditures. In
terestingly, the real price of gasoline actually 
declined slightly from 1974 to 1978. From 1978 to 
1980 the real price jumped 46 percent from $0.50 to 
$0.73/gal in 1974 dollars. 

If, in the case of gasoline, consumers repond to 
nominal prices, it would be expected to find some 
decrease in gasoline demand throughout the period 
encompassed by this research, with perhaps a sharp 
decrease after 1978. These decreases would corre
spond to the successful implementation of various 
strategies to cut travel costs by individual con
sumers. On the other hand, if consumers respond to 
relative prices, any decrease in gasoline sales 
would not be expected until after 1978, when a 
modest decrease might be evident. In either case 
there can be a considerable lag in consumer response 
to gasoline pr ices because some saving strategies 
(e.g., buying a more gasoline-efficient automobilei 
require more time to carry out than others (e.g., 
cutting down on discretionary driving). 

Figure 1. Nominal and adjusted prices for regular (leaded) gasoline (1974 = 
100 CPI) (~ p. 186). 
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Figure 2. Regional graph of references to gasoline situation in American 
periodicals (!J. 
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Media Response 

If some relationship is assumed between media cover
age and public perception of the gasoline price 
situation, trends in media coverage can be examined 
to gauge the impact of events on the American pub
lic. Figure 2 is a regional graph showing trends in 
the number of articles discussing the gasoline situ
ation. The data source is the Reader's Guide to 
Periodical Literature <l>· The space under the up
per trend line represents the total number of arti
cles published in a large number of American period
icals on the topics of gasoline prices, rationing, 
supplies, and conservation. The lower region shows 
the number of articles dealing solely with prices 
out of the total number of articles published each 
year. If Reader's Guide citations are a reasonably 
valid indicator of consumer exposure to issues, it 
may be seen that the issue of gasoline pr ices was 
never forcefully raised until 1979, and even then 
only 20 percent of the articles on the gasoline 
situation had to do with prices. 

If the price issue was not a focus of media at
tention during these years, what issues relevant to 
the gasoline situation were raised? Of all the ar
ticles cited from 1971 to 1979, 74 percent concerned 
either supply or rationing of gasoline. In other 
words the issue of price was dwarfed by the issues 
of supply and rationing. If gasoline were a highly 
elastic commodity (i.e., one for which the price 
would have a strong relationship to demand), it 
would be expected that much public attention would 
be given to the price issue. Instead issues of sup
ply and rationing received much more media expo
sure. The pattern hints, first of all, that gaso
line may be a relatively inelastic commodity and 
second that savings strategies may be in response to 
other issues, particularly the perceived availabil
ity of gasoline. 

Some Aggregate Trends ln Travel Behavior 

When automobile drivers are confronted with the 
gasoline situation (higher prices and occasional 
shortages), they can respond in three major ways to 
defend their mobility or their standard of living . 
First there are both individual anll aggregate 
changes that can increase the efficiency of private 
automobiles. Scores of magazine articles have ad
vised drivers to increase efficiency by getting more 
frequent tune-ups, properly inflating tires, avoid
ing fast driving, cutting warm-up times, and limit
ing use of automobile air conditioners. On the 
aggregate level, efficiency can be improved by en
forcing speed limits, timing traffic lights, and 
creating one-way streets. All these actions serve 
to make automobiles more fuel efficient regardless 
of the average load factor per vehicle. 

Second there are strategies to change the average 
load factor to achieve greater efficiency without 
necessarily increasing the milP.agP pffir.iPnr.y of 
individual vehicles. One of these is ridesharing. 
Another is using some form of public transit rather 
than a private automobile. Both of these strategies 
allow one to be mobile at less net cost and without 
making vehicles more fuel efficient. 

If one chooses not to adopt any of these strate
gies for defending mobility, he or she can decide to 
sacrifice mobility in defense of standard of living. 
In other words, one strategy for drivers who face a 
gasoline shortage is to drive less and therefore 
travel less. Unlike the alternatives discussed 
above, this strategy will have an effect on the 
number of miles traveled as well as on aggregate 
gasoline consumption. Like the second alterna
tives--use of transit and ridesharing--driving less 
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will reduce per-capita aggregate gasoline consump
tion and highway mileage. Only fuel-efficiency mea
sures, such as buying high-mileage automobiles and 
enforcing speed limits, would be expected to de
crease gasoline consumption independent of miles 
driven. 

To what extent have American drivers adopted 
fuel-efficiency measures? This question will be 
answered by focusing on fuel-efficiency ratings of 

Figure 3. EPA mileage ratings of new cars sold In the United States(.!!). 
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Figure 4. Rides on municipal bus system per 100 population. 
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new automobiles rather than on other factors such as 
tune-ups. Probably the overall efficiency of auto
mobiles has a much more profound effect on mileage 
than do keeping automobiles tuned and keeping their 
tires properly inflated. Furthermore there are con
crete data on automobile efficiency provided in the 
mile-per-gallon (mpg) ratings by the U.S. Environ
mental Protection Agency (EPA) of automobiles sold 
in recent years. Figure 3 shows the trend in EPA 
ratings of new automobiles from 1974 through 19BO 
(~).Obviously the average efficiency of automobiles 
has increased a great deal. The 19BO average mpg of 
23.3 is a 66 percent increase over the 1974 mpg of 
14.0. Of course the actual mileage of all cars 
driven in a given year is a complex mix of cars of 
varying efficiencies being driven various distances 
under varying conditions, but the tendency for con
sumers to buy more efficient cars is clear. It may 
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be assumed that this trend represents consumer 
preferences, because Detroit's underestimation of 
the consumer demand for smaller, more efficient 
automobiles is widely considered a major cause of 
the recent rise in sales of imported automobiles at 
the expense of domestic automobiles. On the other 
hand, consumers buying a car at random in 1980, for 
example, would have obtained a more efficient car 
than they would have in 1979 simply as a function of 
the greater efficiency of all automobiles avail
able. Although it cannot be determined to what ex
tent Corporate Average Fuel Economy (CAFE) standards 
forced shifts to more efficient automobiles in spite 
of consumer preferences, the strong revealed prefer
ence for fuel-efficient imported automobiles leads 
one to believe that consumers really wanted more ef
ficient automobiles. 

Another strategy for maintaining mobility and re
ducing· cost is to switch to public transit. Na
tionally ridership on public transit increased dur
ing the 1970s. In general, transit use in the study 
area is low. The Morgantown municipal bus system is 
quite small, and relatively few townspeople travel 
on the Morgantown downtown people mover located on 
the campus of West Virginia University. Figure 4 
shows rides per 100 population on the municipal bus 
system, according to data from the Morgantown Munic
ipal Transit. The increase between 1974 and 1976 
may reflect in part the system'S' acquisition of a 
new bus in 1974. The total number of route miles 
has remained fairly constant since 1974. Whatever 
the cause of the increase between 1974 and 1976, 
patronage leveled off until 1979, when it dropped. 
However one might wish to interpret the rise or the 
subsequent drop in ridership, there is no evidence 
that the gasoline shortage spurred transit use in 
the study region (this generalization may not hold 
in urban areas with more extensive transit systems). 
Recall that adjusted gasoline prices actually de
clined when local transit use increased (from 1974 
to 1976), and when adjusted gasoline prices finally 
rose after 197B, transit use dropped locally. 

Another way to maintain mobility while holding 
the line on cost of travel is to increase the load 
factor in private vehicles, i.e., to share rides. In 
standard metropolitan statistical areas (SMSAs) 
surveyed by the Census Bureau in 1975, 21 percent of 
the automobile and truck commuters reported that 
they shared a ride to work (~) • In the study re
gion, a metropolitan area much smaller than any 
SMSA, 34 percent of the automobile and truck com
muters reported that they shared a ride to work with 
at least one other person, and the average load fac
tor in this sample is 1.54 persons per vehicle (!Q). 
Evidently ridesharing is a popular strategy for 
maintaining mobility while reducing cost. 

Vehicle miles traveled (VMT), monitored by the 
West Virginia Department of Highways, can serve as 
an indicator of the extent to which drivers reduce 
vehicle travel or increase the average load factor 
per vehicle. Thus, to the extent that people drive 
less, ride share, or use public transit, VMT will be 
affected (on the other hand, VMT will not be af
fected by changes in fuel efficiency as drivers 
switch to automobiles that have high mpg ratings). 

VMT in the study region, shown in Figure 5, in
creased over the study period except for declines in 
1975 and in 1979, the last year for which data are 
currently available. The drop in 1975 is hard to 
explain. There were no serious gasoline shortages 
during that year. The price of gasoline did climb in 
1976, but the adjusted price actually declined. It 
cannot be determined whether the 1975 drop was a 
short-lived response to unadjusted price increases, 
but by 1976 an upward trend in VMT began that con
tinued until 1978. It will be seen that the decline 
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Figure 5. VMT per mile of road (x1,000), Monongalia County, W. Va. 
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Figure 6. Changes in automobiles registered and gasoline consumed, 1974-1980 
(1!, p, 107). 
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in VMT after 1978 parallels a drop in actual gaso-
1 ine consumption that occurred nationally as well as 
in the study region. Thus it seems likely that 
automobile travel has decreased since 1978, and in 
the study reg ion the decrease cannot be attributed 
to increased transit use, because transit use actu
ally declined after 1979. Moreover changes in the 
overall efficiency of automobiles on the road could 
not explain such an abrupt decline. Evidently auto
mobile travel had actually dropped. This is most 
likely the result of more ridesharing and less dis
cretionary travel. 

Consumption of Gasoline 

Changes in consumption of gasoline reflect a mix of 
changes in all of the strategies discussed so far, 
assuming that actual shortfalls do not occur. Other 
factors will affect gasoline consumption; some are 
too minor to warrant much attention (frequency of 
tune-ups, for example) and others are not under con
sumer control (increased efficiency of new automo
biles in general). Figure 6 shows national trends 
in total gasoline consumption, number of automobiles 
registered, and gasoline consumption per registered 
automobile, all calculated as percentage changes 
from 1974 through 1980 (11). Total gasoline con
sumption closely paralleled the increase in number 
of automobiles through 1978. In 1979 and 1980 gaso-
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line consumption dropped even though the size of the 
national automobile fleet continued to grow at about 
the same pace as before. The effect of these com
bined changes is seen in the lower trend line; gaso
line consumption per automobile declined after 1978. 

This drop in gasoline consumption is probably not 
simply a function of the greater fuel efficiency of 
newer cars. For one thing the growth in mpg rating 
of new automobiles is not rapid enough to explain 
this sudden and sharp decline in gasoline consump
tion. Although the new cars have been increasingly 
more efficient, the impact on the national average 
mpg rating has been slight (!~). In addition the de
cline in VMT in the study region has been seen to 
parallel the drop in gasoline consumption. There
fore, people must be driving their vehicles less 
than before, either' bec1rnse they are sharing rides 
or because they are limiting their discretionary 
travel. 

In summary, during the latter part of the 1970s a 
gasoline crisis occurred. Gasoline prices rose dra
matically, as did prices in general. Although pump 
prices rose, adjusted gasoline prices did not in
crease appreciably until after 1978. Similarly the 
media responded to the gasoline situation mainly in 
terms of supply and rationing until 1978 when the 
number of articles dealing with gasoline prices rose 
rapidly, paralleling the increase in adjusted gaso
line prices. After 1978 there was also a substan
tial deline in VMT and gasoline consumption. The 
data appear to indicate that neither changing ve
hicle efficiency nor changing transit ridership can 
adequately account for reduced VMT and gasoline con
sumption after 1978. It appears that drivers were 
actually driving less in response to the rising ad
ju~ted price of gasoline. 

PANEL-SURVEY ANALYSIS 

In the previous section the gasoline situation as it 
developed after the Arab oil embatgo in 1973 was ex
amined. These changes in gasoline availability and 
price led to a complex set of aggregate responses on 
the part of consumers, transportation policymakers, 
and transportation markets. In this secton individ
uals rather than aggregated responses will be used 
to examine the problem-solving proccooco consumers 
use to adjust to changing market conditions. Be
cause the samples are relatively small, it will not 
be possible to examine age, socioeconomic factors, 
and other subpopulations in this analysis. 

Citizens Assess Their Travel Options 

At the time of the first survey in the spring of 
1975, panelists were asked, "If gasoline goes up to 
$1.00/gal, what will you do?" Their responses were 
recorded in the order that they were given. Everyone 
in the sample gave some response to this question. 
Thus in 1975, with the Arab oil embargo still fresh 
in the public 1 s mind, the respondents were able to 
articulate how they would react to what appeared to 
be a large increase in the price of gasoline. 

Answers to questions on how respondents would 
cope with hi9her gasoline prices were coded into 
three categories: drive less, other economy mea
sures, and no change. Drive-less respondents are 
those whose only reaction to higher prices is to 
drive less and therefore travel less. Other economy 
measures included any answer, such as r ideshar ing, 
buying a more efficient automobile, and bus riding, 
that indicates an attempt to maintain mobility by 
economizing in some way other than by simply driving 
less. No-change respondents asserted that they 
would not change their travel patterns. 
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We have seen that respondents have strategies in 
mind as they contemplate rising gasoline prices. Do 
different behaviors result when prices actually do 
go up? The individual behavioral data required to 
answer this question are not available; so self-re
ported behavior must be substituted. In 197 5 
respondents chose one of three strategies to cope 
with $1.00/gal gasoline: 39 percent said they would 
drive less, 27 percent said they would employ one of 
the economy strategies, and 33 percent predicted 
they would make no change. (These and all the other 
percentages discussed in the following are based on 
turnover tables of respondents who provided answers 
to a pair of questions on two of the three surveys; 
sample size will vary as a consequence.) In the 
following tabulation, respondents reported whether 
gasoline pr ices had affected their driving by 1976 
according to the reaction they had predicted in 1975 
(during this I-year interval the pump price of gaso
line rose from about $0.57 to $0.59/gal, but the 
price adjusted for inflation remained virtually 
stable): 

Predicted Reaction to $1.00 
Gasoline in 1975 (%) 

Drive Economy 
Effect Less Measure No Change 
in 1976? (N = 89) (N = 51) (N = 64) 
Yes 44 49 19 
No 56 51 81 

About one-third reported an effect as of 1976. 
The percentage of respondents who predicted they 
would drive less or use an economy strategy was 
evenly split in 1976 between reporting an effect and 
reporting no effect. But of those who had predicted 
that $1. 00 gasoline would have no effect on their 
driving behavior, only 19 percent reported an ef
fect. In other words about half of those who had 
said that they would take positive steps reported 
having done so, whereas those who had said that they 
would not take steps generally did not. 

In the next tabulation remembered effects of 
gasoline prices in 1980 are given according to 
respondents' 1975 predictions: 

Predicted Reaction to $1.00 
Gasoline in 1975 (%) 
Drive Economy 

Effect Less Measure No Change 
in 1980? (N = 56) (N = 32) (N = 40) 
Yes 70 75 43 
No 30 25 58 

In this 5-year span, the overall proportion of those 
who remembered any effect of rising gasoline prices 
is 63 percent (compared with only 37 percent for the 
1975-1976 interval). Once again, a remembered ef
fect is much more likely among those who either had 
predicted they would drive less (70 percent) or 
would use an economy strategy (75 perc~nt) than 
among those who in 1975 had said that they would not 
change (43 percent). 

Taken together, the preceding tabulations demon
strate that 

1. More people believe that they have been af
fected by rising gasoline prices, especially over 
the 5-year span; 

2. In both the short run and the long run, those 
who had predicted that they would respond to higher 
gasoline prices with a positive strategy (either 
driving less or economizing) were more likely to 
remember having made a response to gasoline prices 
than those who had initially stated that they would 
make no change; and 
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3. Even among those who in 1975 had predicted 
that they would not respond to higher gasoline 
prices, almost half reported having made some change 
by 1980. 

Having established the prevalence of reported ef
fects of price increases, let us turn to a more pre
cise description of differences between respondents 
who had initially selected different ways of cop
ing. Respondents will be compared according to how 
they answered the question of their response to 
$1.00/gal gasoline in the short run, i.e., from 1975 
to 1976. As an aid to interpreting the following 
tabulation, note that if respondents always reported 
the same strategies--that is, if there was no shift
ing of strategies whatever--all of the cases would 
lie on the diagonal, running from the upper left to 
the lower right: 

Predicted Reaction to $1.00 
Gasoline in 1975 (%) 

Actual Drive Economy 
Reaction Less Measure No Change 
in 1976 (N = 81) (N = 45) (N = 55) 
Drive less 56 40 18 
Economy 13 29 16 

measure 
No change 31 31 66 

Actually, there is a great deal of shifting mani
fest in the data in spite of the relative stability 
of the marginal proportions. Of those who in 1975 
had selected a drive-less strategy, a few (13 per
cent) changed to an economy strategy, but almost 
one-third switched to a no-change position. Of those 
who had initially selected an economy strategy, 40 
percent later said that they would drive less if 
gasoline rose to $1.00/gal, and 31 percent moved to 
the no-change category, which left only 29 percent 
maintaining their original position. Those who had 
initially said that $1.00 gasoline would not change 
their travel habits were most likely to reiterate 
their stance 1 year later with 66 percent stability. 

More shifting is evident in this last tabulation, 
which shows long-run changes in coping strategies 
(the 1980 data are based on the reaction of the 
respondent to a rise in price to $2.00/gal because 
the $1.00 standard used in 1975 and 1976 had become 
obsolete): 

Predicted Reaction to $1.00 
Gasoline in 1975 (%) 

Actual Drive Economy 
Reaction Less Measure No Change 
in 1980 (N = 29) (N = 32) (N = 49) 
Drive less 31 50 67 
Economy 21 13 8 

measure 
No change 48 38 24 

Of respondents who in 1975 had chosen a drive-less 
strategy, almost half by 1980 predicted that they 
would not change their habits any more if gasoline 
increased to $2.00/gal. Only 21 percent said that 
they were prepared to shift to some economy strat
egy. Those who had initially chosen an economy 
strategy were, by 1980, mostly ready to drive less 
(50 percent) or make no change (38 percent). Final
ly, respondents who had initially said that they 
would make no change were prepared in 1980 to begin 
driving less (67 percent) to save gasoline, a few (8 
percent) would select an economy option, and 24 per
cent would continue to resist any change in travel 
habits. 

The long-term changes shown in the previous tabu
lation can be summarized briefly if it is assumed 
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Figure 7 . Predicted responses to rising gasoline price• in 1976 and 1980 by 
predicted strategy in 1975. 
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that respondents who in 1980 reported that they 
would make no changes to accommodate $2.00 gasoline 
are mostly those who had already put one or more 
strategies into effect . Thus both the drive-less 
and the economy respondents in 1975 were quite 
likely to say that rising prices had affected their 
travel behavior both in 1976 and in 1980. A differ
ence between those two groups is that al though only 
21 percent of the drive-less respondents would shift 
to an economy strategy, 50 percent of the economy 
respondents would shift to a drive-less strategy. 
Most of the economy strategies either require a sub
stantial life-style change (such as using more pub
lic transportation) or involve a one-time change 
(such as buying a smaller car) that will not allow a 
scaled response to gasoline prices. From this per
spective, driving less appears to be a more flexible 
response. Indeed the 1975 no-change respondents 
contributed a great deal to the predominance of the 
drive-less category in 1980 because a full 67 per
cent of those who would not changP. thP.ir rPsponsP tn 
$1.00 gasoline in 1975 had decided by 1980 that if 
the price of gasoline became $2.00/gal, they would 
drive less. So, again, it may be seen that over the 
long run respondents can always turn to limitation 
of driving as an easy-to-implement strategy. 

If it is true that one's early reaction to gaso
line prices can structure one's subsequent options, 
it may also be true that some options are more dur
ahlP. thRn nthPrs in thP. sPnsP thRt thPy ~rP thP mnst 
1 ikely to be used in the long run. In particular, 
driving less might be expected to be the response of 
choice initially and even more as time goes on. 

The data in Figure 7 were assembled to see how 
each response option--drive less, economy, or no 
change--either leads to another option or remains a 
feasible option for the respondent. The flrst row 
of bars shows all respondents according to the op-

the baseline groups, the second and third rows of 
bars show respondents' choic.es of options in 1976 
and 1980. During one year a significant minority of 
the drive-less group (left column) switched to one 
of the 0th.er categories. By 1980 it is clear that 

for most respondents driving less is the preferred 
response, even though some felt that they would make 
no more changes. Perhaps they had already reduced 
their dri,1ing to a level approaching an irreducible 
minimum. 

The population of respondents who had initially 
picked an economy response (center column) had by 
1980 largely changed to the drive-less category. 
Smaller groups stayed with an economy response or 
asserted that they would change no more. In other 
words, respondents who had initially decided to cope 
with some other strategy than driving less either 
switch to de iving less or, by remaining in the no
change category, assert that their demand for gaso
line is inelastic up to $2.00/gal. 

The right-hand column in i.";igure 7 shows the 1975 
no-change respondents as they move through the 5 
years of the study. By 1976 a few of them had de
cided that they would try one of the positive strat
egies, and by 1980 this proportion had increased to 
not quite half, which means that not changing is a 
fairly resilient response to rising gasoline prices. 

CONCLUSIONS 

During the latter half of the 1970s, gasoline prices 
rose in the study region as well as in the nation as 
a whole. But it was not until 1979 that gasoline 
pr ices be~an to rise rapidly compared with prices 
for 0L11.,1 vum;umer goods and services. It has been 
shown that gasoline consumption fell as the adjusted 
price of gasoline rose. This reduction in gasoline 
consumption paralleled a drop in vehicle miles 
traveled in the study region, which leads to the be
lief that the real price increase in gasoline caused 
drivers to limit their use of personal vehicles. 

Panel data were used to examine specific changes 
in consumer behavior that are marked by the aggre
gate crenas. ·1·nus, oy repeat:eci ques"t:.ioning o ~ 

respondents, it was possible to examine the pro
cesses by which consumers adjusted their behavior to 
different price schedules. It was found that on the 
individual level one's response to gasoline prices 
has a history. 
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Under what circumstances is gasoline an inelastic 
commodity? In other words, under what circumstances 
do rising gasoline prices fail to result in reduced 
consumption? Most obviously, the price increases 
have to be real. If the rise in gasoline prices is 
no greater than the rise in the CPI, the proportion 
of a consumer's budget spent on gasoline remains 
about the same. But when a real price increase does 
occur, as in 1979, a consumer's response depends on 
the available options. Those respondents who had 
initially said that they would not respond to a 
higher price ($1.00/gal) were quite likely to re
iterate their stance over the 5 years of the study 
with only a gradual decline in the proportion who 
resisted changing their travel habits. These 
respondents could either be those for whom money is 
no object for a broad range of gasoline pr ices or 
they could be those for whom options--in the form of 
reduced driving or alternative transportation 
modes--were unacceptable or unavailable. In con
trast, those respondents who did start out with a 
positive strategy (either driving less or economiz
ing) tended to gravitate into the category of no 
further change. Apparently options can be used up, 
so that respondents make adjustments and then have 
little freedom to make more adjustments without 
paying a high personal cost, perhaps in mobility or 
in change in life-style. It could also be that some 
options prove to be more costly in terms of incon
venience than they appear to be initially. In 
either case, some respondents appeared to be dis
covering that they had little incentive to make 
further adjustments in their behavior even if gaso
line prices rose to $2.00/gal. 

Among the respondents who initially predicted 
that they would take positive action in response to 
$1.00/gal gasoline, it was found that different 
strategies resulted in different behavior sequences 
as gasoline prices did rise. Those who had initial
ly classified themselves in the economy category 
(that is, all savings strategies except driving 
less) tended to abandon these strategies, so that by 
1980 most of them reported that they would either 
drive less or not change in response to another 
large price increase. In contrast, those who had 
initially said that they would drive less were 
likely to continue say6flg that they would drive less 
in 1976 and 1980. By 1980 23 percent were in the 

Figure 8. Prevalence of strategies for coping with higher gasoline prices in 
1975, 1976, and 1980. 
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no-change category and only 8 percent fell in the 
economy categoryi 69 percent of the initial drive
less respondents were still considering that option 
as of 1980. 

Now that the turnover data have been examined in 
detail, the overall trends, presented in Figure 8, 
can be summarized. At all points in this study, 
respondents clearly preferred driving less as a 
strategy to cope with high gasoline prices. By 1980 
the predominance of this strategy was cleari the ma
jority chose it. In 1975 slightly more than one
fourth of the panelists chose one of the economy 
strategies. By 1980 only 13 percent chose this op
tion. Finally, the proportion of respondents who 
said they would make no further changes grew from 
one-fourth to about one-third because respondents 
who had initially chosen other strategies either 
changed their minds or actually used up their op
tions so that they predicted no further change in 
their travel behavior. 

These findings are in contrast to those of a 
cross-sectional study conducted in New York State 
(13). The authors of that study found driving less 
to be one of the least consequential strategies em
ployed by consumers. However, the region studied 
here had a more dispersed population and much less 
transit service. In rural areas and small towns, 
driving less may be the best option for many con
sumers who cannot find alternative means for essen
tial work and shopping trips. Indeed, a study con
ducted in South Carolina C1l found that one-third of 
the respondents coped with gasoline shortages by 
limiting discretionary travel. The effect of the 
availability of options in various reg ions has yet 
to be determined. 

To return to the original question of whether 
gasoline is an elastic commodity, it can be said 
that many, at least in this study region, still have 
enough slack in their personal automobile use to cut 
back in the face of r 1s1ng pr ices. On the other 
hand, the economy strategies, which include the much 
publicized options of r ideshar ing and public tran
s it, now appear less feasible than they did when 
gasoline pr ices began to rise dramatically. With a 
large proportion in 1980 saying that a rise to 
$2. 00/gal would not change their travel behavior, a 
plateau may have been reached. Apparently gasoline 
prices would have to increase more than 100 percent 
and other options would have to become much more at
tractive before drivers could be expected to respond 
to prices by any means other than cutting their dis
cretionary driving. Gasoline prices may have to 
rise greatly relative to other consumer goods and 
services before they have any effect on drivers 
other than to limit their driving and thereby their 
mobility. This would not necessarily be true in ur
ban regions where alternatives to private automobile 
use are more easily accessible than in our study 
area. 
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Determinants of New-Car Fuel Efficiency 
RONALD J. SUTHERLAND AND ANDREW FORD 

The determinants of new-car fuel efficiency during the period 1976-1981 are 
examined statistically with cross-sectional data on new automobiles. A signifi
cant improvement in overall fuel economy is found during this period. Most 
of the increased fuel economy from 1976 through 197g is because of weight 
reduction, but from 1979 through 1981 the improvement came about pri
marily because of additional measures. Variables such as domestic versus 
foreign manufacturer, horsepower, and performance are not statistically re
lated to fuel economy during this period. 

In 1973 the price of gasoline increased sharply as a 
result of the Arab oil embargo, which prompted a 
shift in automobile demand toward more fuel-effi
cient cars. The Energy Policy and Conservation Act, 
passed by Congress in 1975, mandates incremental 
fuel economy increases until 1985, at which time 
average fleet fuel consumption of each manufacturer 
must be at least 27.5 mpg. The interest in fuel 
efficiency shown by Congress, automobile consumers, 
and automobile producers encourages the examination 
of the recent history of fuel-efficiency improve
ments in the automobile fleet. 

In a Mellon Institute report, Shackson and Leach 
(_!) document several ways in which vehicles can be 
made more fuel efficient. Downoizing rcducco vehicle 
weight, thus improving fuel efficiency, but fuel 
efficiency also can be improved by more efficient 
engines, tires with less rolling resistance, im
proved aerodynamics, and other means that do not 
affect vehicle weight. Shackson and Leach forecast 
that fuel consumption relative to weight of new 
automobiles will diminish significantly in the fu
ture as a result of these measures. Their forecast 
is depicted graphically in Figure 1, which shows the 
relationship of fuel consumption to curb weight 
expected in future years. The downward rotation of 
the line depicts fuel economy improvements caused by 
measures other than weight reduction, whereas move
ment along a line results entirely from reducing 
vehicle weight. Figure 1 shows the expectation that 
future fuel economy will be achieved by further 
wt'iYUL L~Uul,;L.iuu auU. Uy i..:urnlJlemenLa.Ly mecu:;u.cet>. 

Automobile manufacturers have now had a few years' 
experience in attempting to improve fuel efficiency. 
By quantifying the effectiveness of the recent his
tory of fuel economy efforts, the reasonableness of 
the Mellon and other forecasts can perhaps be judged. 

THREE HYPOTHESES 

The interest in fuel-efficiency trends in this study 
can be stated in terms of three hypotheses: 

1. Recent improvements in fuel economy are due 
almost entirely to vehicle weight reduction, 

2. The rush to reduce vehicle weight has had 
secondary punitive effects on fuel economy, and 

3. Weight-reduction efforts have been comple
mented by other fuel-efficiency efforts. 

These alternative hypotheses are depicted graphi
cally in Figures 2-4. The sample mean curb weight 
and corresponding gasoline consumption for the 1976 
and the 1981 model years are ~own in Figures 2-4. 

In Figure 2 the relationship between gasoline 
consumption and curb weight estimated with 1976 
new-car data corresponds closely to the same rela
tionship estimated with 1981 data, even though 1981 
cars are lighter and more fuel efficient. In this 
case the improvement in fuel efficiency is due to 
weight reduction, as stated in hypothesis 1. In 
Figure 3 the relationship of fuel consumption to 
curb weight estimated with 1981 new-car data lies 
above the 1976 relationship. In Figure 3 weight 
reduction has improved fuel economy, but the im
provement efforts have been offset partly by second
ary punitive effects. For example, in an effort to 
make small cars more appealing, manufacturers have 
offered them with more options such as air condi
tioners, which diminish fuel economy. Figure 4 
shows the hypothesis that weight-reduction efforts 
have been complemented by other fuel economy ef
forts. The mean curb weight and corresponding fuel 
consumption in 1981 (and in 1976) are the same in 
Figures 2-4. However, the downward shift in the 
relationship of fuel consumption to weight depicts 
the effect of fuel economy improvements in addition 
to weight reauction. 

During the sample period of 1976 through 1981, 
the fuel efficiency of new cars has indeed improved. 
The objective here is to define statistically the 
reasons for this improvement, specifically, the 
extent to which fuel efficiency is due to weight 
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Figure 1. Mellon forecast of fuel consumption by new 
automobile fleet. 
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Figure 2. Hypothesis 1. 

Figure 3. Hypothesis 2. 

Figure 4. Hypothesis 3. 
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reduction versus other measures. It will be deter
mined whether performance or horsepower changes have 
contributed to fuel economy improvements and also 
whether foreign cars are more fuel efficient than 
domestic cars. Whether large cars or small cars 
have shown major improvement in fuel economy will be 
examined. 

STATISTICAL ANALYSIS: A SIMPLE LINEAR MODEL 

This statistical analysis is based on annual samples 
from 1976 through 1981 of new cars appearing on the 
U.S. market. Some fuel-efficiency analyses have 
considered the market share of various car classes. 
Instead, an unweighted sample of new cars is used 
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here because the interest in this study is in the 
effectiveness of the automobile producers' efforts 
to improve fuel efficiency. Extensive and successful 
efforts by producers to improve efficiency could be 
mitigated by a shift in demand toward high-consump
tion vehicles such as vans or light trucks. Alterna
tively, average fleet fuel efficiency could increase 
dramatically as a result of a demand shift toward 
efficient cars, even if automobile producers made no 
attempt to improve fuel efficiency. 

The sample of new cars in this study included 
each make and model listed in the 1976 to 1981 edi
tions of Consumer Reports. If two cars were virtual 
twins or a car had more than one engine choice, one 
car was sampled. Data were also obtained from Con
sumer Reports on automobile curb weight, horsepower, 
transmission type, and whether the producer was 
domestic or foreign. Mile-per-gallon estimates for 
city driving were obtained from the annual Gas Mile
age Guide published by the U.S. Department of Energy 
and the U.S. Environmental Protection Agency (EPA) 
(EPA' s city mpg estimates were used because compos
ite city-highway estimates are not available for 
each year from 1976 to 1981) • The annual sample 
size, as shown in Table 1, varied from 38 to 53 
automobiles, which is the maximum number of observa
tions obtained from the sources just mentioned after 
the sample had been adjusted for twins and multiple 
engine types. Although the sample included five 
classes of automobiles (subcompact, compact, inter
mediate, full size, and luxury), it is weighted 
toward small cars. In 1981 there were only four or 
five luxury cars on the market but more than 20 
subcompacts. 

It is postulated first that fuel efficiency of an 
automobile is primarily a function of its curb 
weight. Fuel efficiency may be indicated by miles 
per gallon or required fuel to travel, say, 15,000 
miles. Fuel consumption to travel 15, 000 miles is 
used because the relationship between fuel consump
tion and weight is more likely to be linear than the 
relationship between miles per gallon and weight (2, 
p. 40). A simple linear cross-section regressi-;;n 
estimate between fuel consumption of the ith car in 
year t (Gitl and its curb weight (Witl was obtained 
for each year from 1976 to 1981 and for the compos
ite period. The results are given in Table 1. The 
weight coefficients are positive and significant, as 
expected. The coefficient for the composite period 
of 0.232 indicates that an automobile weight reduc
tion of, say, 100 lb reduces fuel consumption for a 
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Table 1. Regression estimates ot gasoline consumption and curb weight of new vehicies. 

Weight Coef- Gasoline Con-
ficient sumption Weight 

R2 
Sample 

Year Intercept Tons t·Value SE Size Gallons SD Pounds SD 

Composite 77 .2 0.232 38.38 0 ,845 86.9 238 
1976 201.5 0.203 15.72 0.843 92 .3 48 864.8 230.6 3,270.5 1,044.I 
1977 77 .7 0.2 36 22.81 0.911 71.6 53 805 .2 237.3 3,088.3 96 1 .4 
1978 18.2 0.254 13.66 0.813 109.9 45 797 .3 251.0 3,063 .8 890. I 
1979 98.1 0.23 1 16.76 0.859 71.3 48 776.4 188.2 2,933.3 754.3 
1980 93.l 0.221 I l .92 0.785 82.9 4 1 7 I 9.5 I 76.4 2,833.4 706.8 
1981 61.2 0.215 18.73 0.907 47.5 38 646 .3 I 53.5 2,723.2 680.3 

Table 2. Regression estimates of expanded model of gasoline consumption. 

Weight Coef- Ratio of Horse power Dummy Producer Dummy Transmission 
ficient to Weight Variab le Variable 

Year Intercepr Tons t -Value Ral io l-Value Coefficient l-Value Cueffjcienl I-Value ~2 SE K 

Composite 55 .57 0.232 37 .05 753.09 0.59 -1 l .35 -0.85 4.34 0.30 0.843 87.18 
197 6 I 15.24 0.204 I 3. 73 2,006.69 0.63 - 2.25 O.D7 21.01 0.47 0.83 1 -94.94 
1977 159.64 0.231 2 1 .41 -782.88 0.28 -26.44 -0.94 -43.46 -I.SO 0.908 -72.08 
1978 67.47 0.253 I 2 .59 -857.29 0.26 -7.06 0.15 -19.72 -0.43 0.795 I I 3.56 
1979 144.48 0.227 14.93 -299.8 0.10 -I .70 0.06 -29.24 -0.90 0 .850 72.89 
1980 286.36 0.210 I 1.26 -3 ,349.76 0.91 -64 .74 -2.05 -31.J 6 -0.99 0.791 80.63 
19~1 -J't .39 u:nJ t t.o l 1,oo0.05 O.t3 5.8J 0.27 33.67 1.66 0.908 4o.65 

No tes: The dummy producer variable is 1 for domestic, zero for foreign. The dummy transmission variable is zero for automatk, L for manual . R 2 is the coefficit:nt of de
termination adjusted for degrees of freedom. SE is the sta ndard error of the regression equatio n. 

trip of 15,000 miles by 23.2 gal. Overall, this 
simple model has a high degree of explanatory power 
and the weight coefficients appear stable and are 
highly significant. 

The last four columns in Table 1 give the sample 
mean gasoline consumption, its standard deviation, 
the sample mean curb weight, and its standard devia
tion on an annual basis. The average weight of new 
cars declined consistently throughout the period 
and, as expected, so did fuel consumption. The 
standard deviations of these variables also have 
diminished over time. New cars are becoming more 
fuel efficient over time, and they also are becoming 
more homogeneous in terms of weight. This ohserved 
decrease in variability of new-car weight over the 
sample period supports the Mellon forecast shown in 
Figure 1. 

The mean gasoline consumption of a 1976 automo
bile was 864.8 gal, which declined to 776.4 gal in 
1979 and 646.3 gal in 1901. This improvement in 
fuel economy is the result of both weight reduction 
and other measures, the relative importance of which 
is determined in the next section. 

MULTIVARIATE STATISTICAL ANALYSIS 

A simple linear model was postulated to determine 
the atutiaticul credibility of u model buoed only on 
curb weight. Other variables were examined to see 
whether the statistical explanation of fuel effi
ciency could be improved by considering a more com
pletely specified model. Because gasoline consump
tion may be influenced by engine horsepower, this 
variable was added and the model was reestimated. 
The horsepower coefficients are insignificant for 
each year and for the composite period. For this 

~....,r. ho,..,.,..11eon T'\,...r.f=,....,..,...,...,,..,.., (Jo,....,,.....,,.......,... ........ - ..;1.; ... ~ A .... A ... ·- - .: -- - -·· .... - ···----i.--- ·· -- -------
by weight) may be a more appropriate variable, these 
results are not reported in detail. [The ratio of 
horsepower to weight is often used as a measure of 
automobile acceleration, which in turn is sometimes 
taken as a performance measure, according to a re-

port in September 1976 by the Federal Task Force on 
Motor Vehicle Goals Beyond 1980.] 

Performance is a measure of acceleration capabil
ity and it is considered a statistical determinant 
of fuel consumption. EPA mileage data indicate that 
cars with three- or four-speed manual transmissions 
obtain an improvement of about 1 to 3 mpg over those 
cars with automatic transmissions. A dummy transmis
sion variable was set equal to zero for cars with an 
automatic transmission and equal to 1 for those with 
a manual transmission. Foreign-made cars have the 
reputation of being more fuel efficient than domes
tic cars. Although the superior fuel efficiency of 
foreign cars is partly because of their Jight weight 
and partly because of their use of manual transmis
sions, tests were done to determine whether foreign 
cars are more fuel efficient when the model is ad
justed for weight and type of transmission. A second 
dummy variable was introduced to denote whether the 
manufacturer was domestic or foreign. FnPl r.omrnmp
t ion may have been influenced by other variables, 
such as radial tires, bJt data limitations restrict
ed our model to the foregoing variables. Regression 
estimates of this expanded model for each year and 
the composite period are given in Table 2. 

A comparison of Tables 1 and 2 shows that the 
weight coefficients are not affected much by addi
tional variables, and they continue to be the most 
aignifiaant determinant of fuel consumption. In 
contrast, the performance indicator and the trans
mission variable are insignificant in each year. 
The synergistic effect between weight and horsepower 
suggested by Gray and von Rippel (], p. 58) appar
ently has not been operative during this period. If 
the synergistic effect means that smaller cars will 
use lower-performing engines (whose performance is 
defined as the ratio of horsepower to weight), this 
___ ___ _ ,: _,.._,: - _.1:,,1: __ ..._ L.-- --&.. ---&..-.lL. •• .L_..:::11 .L- .:--------.:1 
.... .l ~1'-.6.":J-"-"""'-•-- .._..__._ ...................................... ~ ............................ ~ ......... -··'t::"""- • ....... 

fuel economy. However, this effect may be inter
preted as lighter cars using smaller engines (with 
perhaps equal performance), the performance of which 
may remain constant. Automobiles and their engines 
have become smaller over the last 6 years, but the 
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ratio of horsepower to weight is statistically unre
lated to fuel economy. 

The coefficient for the producer dummy is nega
tive in each year except 1981, but it is only s~g
n ificant in 1980. Foreign cars tend to be compacts 
or subcompacts i hence, th'ere is a high inverse cor
relation between weight and the producer dummy vari
able. As a consequence of multicollinearity, the 
regression coefficients and their standard errors 
become unreliable. This, plus the failure of the 
producer dummy to be significant during several 
years, means that the hypothesis cannot be rejected 
that domestic and foreign cars ace equal with re
spect to weight-adjusted fuel efficiency. 

The coefficients of determination in Table 2 have 
been adjusted for degrees of freedom so they can be 
compared with those in Table 1. For 4 of the 6 
years and the composite period, the explanatory 
power of the expanded model is lower than that of 
the simple model. Thus, it may be concluded that 
the main statistical determinant of gasoline con
sumption of a new automobile is its curb weight and 
that this variable by itself explains most of the 
variation in fuel consumption. 

RELATIVE IMPORTANCE OF WEIGHT REDUCTION 

A close statistical association between curb weight 
and fuel consumption has been shown, but it has not 
been possible to demonstrate the significance of 
additional variables. The importance of other vari
ables can be demonstrated as a composite but not 
individually by identifying changes in the relation
ship between fuel consumption and weight. The simple 
model is used for this analysis because the expanded 
model has no additional explanatory power. 

If the simple model were statistically stable 
over the sample period, fuel-efficiency efforts 
other than weight reduction would apparently be 
random and probably unimportant. This possibility 
is hypothesis 1, which is shown in Figure 2. Alter
natively, perhaps the statistical results in Table 1 
contain significantly different intercepts or slopes 
or both or the coefficients contain time trends. If 
the slope or intercept coefficients diminished in 
size over the period, non-weight-reduction fuel 
economy efforts would have been complementary. This 
possibility is our third hypothesis and is shown in 
Figure 4. Furthermore, in the event of an unstable 
relationship between fuel consumption and weight, 
the nature of the instability is important. If fuel 
economy efforts other than weight reduction were 
concentrated in large cars, the regression line 
would rotate clockwise and the intercept would be 
unstable. Alternatively, an unstable intercept but 
constant slope implies that the relationship between 
fuel consumption and weight of all cars has changed 
about equally. A conventional statistical analysis 
is now employed to determine the statistical stabil
ity of the slopes and intercepts in Table 1 and to 
determine the presence of any time trends. 

An analysis-of-variance (ANOVA) test was used to 
determine whether the individual regression esti
mates in Table 1 could be interpreted as being drawn 
from the same sample. The estimated F-statistic is 
4.376, which is significant at the 1 percent level. 
The regression estimates for the individual years 
are significantly different, which implies that some 
type of fuel economy effort in addition to weight 
reduction has been important during this period. 

Further ANOVA tests were conducted to determine 
whether the intercepts or slopes were statistically 
different. Testing for the equality of slopes pro
duced an F-value of 1. 875, which is significant at 
the 10 percent level but not at the 5 percent level. 
With a similar test, it was found that the inter-
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cepts in the simple models were significantly dif
ferent at the 1 percent level. [The Biomedical 
Computer Programs used do not contain a procedure to 
test equality of intercepts directly. Therefore an 
intercept dummy variable was added for each year 
from 1976 to 1981 and tests were made to see whether 
the extra sum of squares caused by regression was 
significantly larger than without the dummy vari
ables. This ANOVA test is described by Draper and 
Smith Cir pp. 67-69).] This result allows the rejec
tion of the first hypothesis, that fuel economy 
improvement efforts have been due entirely to weight 
reduction. The relative stability of the slope 
coefficients and instability of the intercepts im
plies that the relationship between gasoline con
sumption and weight has shifted rather than rotated. 
The composite influence of fuel economy efforts has 
apparently been approximately uniform across car 
classes rather than concentrated on small or large 
cars. 

Although differences in intercepts do not neces
sarily imply a time trend, a significant positive or 
negative time trend would allow the determination of 
whether non-weight-reduction fuel-efficiency efforts 
have been complementary or punitive. Therefore the 
simple model was rerun and a time trend in which the 
intercept decreases by equal increments each year 
but the slopes remain uniform was allowed for. The 
estimated regression equation is 

Git~ 129.20 + 0.227Wit - 14.8651 

(38.164) (-4.82 1) 
R2 ~ 0.857 

where the time-trend 
highly significant. 

coefficient 
Since 1976, 

(I) 

is negative and 
cars from each 

successive model year have required, on the average, 
about 15 fewer gallons to travel 15,000 miles. This 
improved efficiency is in addition to that achieved 
through weight reduction. The significant negative 
time trend confirms hypothesis 3, that fuel economy 
efforts other than weight reduction have been com
plementary (see Figure 4). 

The specification of Equation 1 presumes a linear 
decrease in gasoline consumption in addition to the 
weight reduction effect. The nature of this trend 
is depicted graphically by assuming a car of given 
weight and using the regression results in Table 1 
to estimate its fuel efficiency. The estimated 
gasoline consumption of a relatively large car of 
3, 500 lb and a small car of 2, 500 lb is shown in 
Figure 5. The sample mean car weight and its corre
sponding fuel consumption (obtained from Table 1) 
are also shown in Figure 5 to illustrate the influ
ence of all measures on average fuel consumption. 

Fuel-consumption figures for a constant-weight 
car are compared with the sample mean fuel-consump
tion estimates that reflect the composite influence 
of weight reduction and all other measures of fuel 
economy. Overall, required gasoline consumption 
decreased from 864. 8 gal in 1976 to 776. 4 gal in 
1979, a difference of 88 gal. During this time the 
improved fuel economy of a 3,500-lb car was only 12 
gal. The major improvement in fuel economy achieved 
during the period 1976-1979 is therefore a conse
quence of weight reduction. From 1979 to 1981 an 
average new car required 130 fewer gallons to travel 
15,000 milesi a 3,500-lb car required 87 fewer gal
lons. Most of the fuel economy achieved from 1979 
to 1981 is because of measures other than weight 
reduction. 

POSSIBLE BIAS DUE TO EPA MEASUREMENT PROCEDURE 

The preceding results are based on EPA fuel-effi
ciency estimates, which are transformed into gaso
line consumption. EPA tests are conducted with a 
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Figure 5. Estimated fuel consumption for 3,500-lb car, 2,500-lb car, and 
sample average car by year for 1976·1981. 
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dynomometer, so mileage estimates are simulated, not 
actual road mileage. EPA estimates have been criti
cized as being biased upward. At issue here is the 
nature and extent of the bias and particularly how 
the use of actual road mileage would have affected 
the regression results in Tables 1 and 2. 

In an unpublished report for the U.S. Department 
of Energy, B. McNutt and R. Dulla in 1979 compared 
on-road fuel efficiency with EPA mileage for each 
year from 1974 to 1977. They used a linear relation
ship between EPA and on-road miles per gallon and 
concluded that on-road mileage falls short of EPA 
certified mileage. Although the EPA and on-road 
equations were different for each year. a time trend 
in that difference was not observed. 

A more recent study for the Department of Energy 
by Energy and Environmental Analysis ( 5) reexamined 
the EPA and on-road mileage estimates and adopted a 
reciprocal equation in lieu of the linear relation
ship. Their so-called master equation for passenger 
cars for 1951 to 1980 is 

MPGRct = MPGEPA/(0.0237MPGEPA + 0.76) (2) 

where MP~d is on-road miles per gallon and MP~PA 
is EPA miles per gallon. 

If Equation 1 is used to define the relationship 
between on-road and EPA miles per gallon during the 
period under consideration, it can be determined how 
the regression results would have looked had on-road 
fuel consumption been used as the dependent var i
able. An important property o.f Equation 2 is that 
it represents each year in the time period and it 
contains no time trend. Although EPA mileage esti
mates may be biased estimates of on-road mileage, 
there is no time trend in this bias. Thus the re
sults of this paper concerning weight-adjusted fuel 
efficiency over time are not sensitive to the use of 
EPA or on-road mileage. 

Equation 2 can be transformed from n milP.ngP 
equation to a fuel-consumption equation by first 
replacing miles per gallon by miles divided by gal
lons and inverting to obtain 

GRctiM = [(0.0237M/GEPA) + 0.76] .;- (M/GEPA) (3) 

in which M is miles. Multiplying through by the 
denominator on the right, letting M equal 15,000, 
and solvina for G~C aivP.s 

GRd = 356 + 0.76GEPA (4) 

where GEPA is the dependent variable in the regres
s ion model used in this paper. Equation 4 implies 
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that the EPA estimate of qallons of qasoline neces-
, sary to travel 15, 000 miles underestimates actual 
on-road required gallons, at least over the relevant 
range (less than 1,941 gal). For the purposes of 
this study, the important property of Equation 4 is 
its linearity. A graphic picture of the fuel-economy 
trends in Figure 5 by using on-road gallons is 
simply a linear transformation of those trends. In 
an extensive analysis of on-road versus EPA mileage 
estimates, Murrel (6) also concludes that the bias 
has been about con-;;tant since 1976. The overall 
conclusion that fuel-economy improvements from 1976 
to 1979 are due to vehicle weight reduction and that 
improvements during 1980 and 1981 are due mainly to 
other factors is not sensitive to the use of EPA or 
on-road gasoline consumption. [The simple linear 
model used here (and reported in Table 1), which is 

GEPA = ~ + BW, can be transfered into a simple linear 
model with on-road gallons as the dependent variable 
by substituting the equation into Eq~ation 4: The re-

sulting equa~ion is 'GRd = 356 + 0.76a + 0.76BW, where 

where a and B can be obtained from Table l.] 

CONCLUSIONS AND IMPLICATIONS 

An apparently negative conclusion is that 'Tar iables 
such as horsepower, performance, transmission type, 
and domestic u.o.rc!lu::! foreign. manufacturer are net 
associated significantly with gasoline consumption. 
Foreign manufacturers have been interested in fuel 
economy for several years. Their efforts apparently 
consist of building small cars but not cars that are 
more efficient on a per-pound basis than U.S. cars. 
American small cars are likely to be competitive 
with foreign-made cars, at least in terms of operat-
ing costs. The failure of the performance variable 
to be significant implies that fuel economy has not 
been attained at the expense of reduced ratios of 
horsepower to weight. 

In addition to becoming lighter, new cars have 
become more homogeneous in terms of weight. A disad
vantage of small cars is their lack of safety in 
collisions with larger cars. The trend toward more 
homogePeous car weights may imply an improvement in 
the safety of new cars. 

Initially in this paper, some fuel economy pro
jections by the Mellon Institute were noted that are 
the results of weight reduction and other measures. 
The examination of recent automobile industry ef
forts to achieve economy here indicates that such 
efforts have been successful. Furthermore, the 
recent trends in automotive fuel economy efforts are 
in the direction that the Mellon Institute forecasts 
for the next two decades (see Figure 1). New cars 
are becoming lighter and therefore more fuel effi
cient. The first phase of fuel-efficiency improve
ments was completed in 1979 and consisted primarily 
of weiqht reduction. In 1980 and 1981 a second 
distinct phase was observed that has been more suc
cessful than the first phase and that includes pri
marily fuel-efficiency improvements in addition to 
wPight rPnnct.ion. 'l'hPso> o>fficio>ncy improv1>m1>ntR 
have apparently been shared about equally by all car 
classes. 

ACKNOWLEDGMENT 

The work reported in this paper was performed under 
the auspices of the U.S. Department of Energy. 

RF.FF.RF.111C:F.!'l 

1. R.H. Shackson and H.J. Leach. Maintaining Auto
motive Mobility: Using Fuel Economy and Syn
thetic Fuels to Compete with OPEC Oil. Mellon 
Institute, Arlington, Va., Interim Rept., 1980. 



Transportation Research Record 935 

2. 

3. 

4. 

J.K. Tien, R.W. Clark, and M.K. Malu. Reducing 
the Energy Investment in Automobiies. Technology 
Review, Feb. 1975, pp. 39-43. 
C.L. Gray and F. von Hippel. The Fuel Economy 
of Light Vehicles. Scientific American, Vol. 
244, No. 5, May 1981, pp. 48-59. 
N.R. Draper and H. Smith. Applied Regression 
Analysis. Wiley, New York, 1968. 

5. 

6. 

Energy and Environmental Analysis, Inc. 
Light Duty Vehicle Fuel Consumption Model. 

Department of Energy, 1980. 

45 

The 

u.s. 

D. Murrell. Passenger Car Fuel Economy: EPA and 

Road. Motor Vehicle Emissions Laboratory, u.s. 
Environmental Protection Agency, Ann Arbor, 

Mich., 1980. 


