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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 
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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 

35 

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. 
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