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Summary

"Sustainable Transportation: The Futurc of the Automobile n an Environmentally Constrained World
has analyzed the nature of the problems confronung the transportation systems of industrialized countries !
We seek to understand how travel and energy use for travel (and freight) 1s changing, how these changes may
affect the environment, and how the environmental problems may in tumn affect future travel and [rcight
acuvity Durnng its first three years, the study focused on the automobile Dunng the final two ycars, we aim
to examine other modes of transportanon more closely, in order to produce an integrated picture of the
options facmg the U.S. and other developed nanons Although we have focused on the U S and other major
mdustnalized countnies, we acknowledge that problems facing rapidly growing transportation demand are
mamifest in the Third World and 1n the economies m transition in Cenrral and Eastern Europe

1. Background: The "Deadly Sins" of the Automobile.

There 1s a consensus among many transportation and energy experts that a multitude of challenges asso-
ciated with ever increasing motorization, mobility, traffic, cnergy use, and pollution from road vehicles. con-
front the cities of OECD countries and major developing countries as well (Johnson 1993) The hitany ol
probiems that must be addressed includes traffic safety, congestion, noise, and many kinds of pollution result-
ing from the use of cars, especially greenhouse gas emissions from transportation fuels Figure 1 shows these
greenhouse gas ermnissions on a per capita bases for the U S, Japan, and seven countries in Europe The

1 Other recent parncipants meclude Ruth Stemer, Roger Gorham, Wienke Tax, Nancy Kiang, Maria Josefina Figueroa all from the
Umv. of Californsa, Berkeley, Molly Espey from the Univ of Califorma, Davis, Gunnar Enksson from NORDPLAN Stochhoim anc
Olof Johansson from the University of Gothenburg

Work sponsored by the U.S Dept. of Energy, Department of Transportation, Environmental Protection Agency the Swedish Tran-
sportation: Resesrch Board (now Communication Research Board), the Energy Foundation, Volvo AB, General Motors Nissan North
America, Shell Oil, Exxon USA, Conoco, and TOTAL SA

Opwnions expressed herein are strictly those of the authors
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poliution generated by the manufacture of vehicles, use of, and disposal or recyching of transportation equip-
ment cannot be ignored. Frally, the problems associated with obtaining a stable and secure transportation
fuels supply continues to be a concem. More broadly, transportation planners and policy makers have con-
fronted a vanety of problems associated with access to growing, sprawlmng cities, including segregauon ol
land uses and compeution for land, and access to vital services for those who cannot dnive or cannot alford
the costs of either private or often even public transportation We have called these the "Deadly Sins” of the
automobile.

The extent of these problems depends upon particular conditions of time, location, and m some cascs on
the kinds of fuels and vehicles used as well Most would be descnibed as externalities. They are not easy to
“monenize” or even to compare, since doing so requires both an objective evaluation of the damage they cause
as well as the valuanon of that damage, something that may vary among different groups or individuals 1n
societies, and certainly depends on ime and place DeLuchi has begun to evaluate systematicaily many of the
“sins” of the automobile and has discovered wide vanauon m valuations of their "costs” per kilometer ol
automobile travel, or, in the case of fuels, per liter of fuel consumed He has tabulated a large number of costs
that are both paid by dnvers (trucks and cars), by society as a whole through funding of roads and othet
transportation-related services, and through environmental costs or externalities borne by specific groups in
society. DeLuchi’s calculations (currently being completed) show that the unpaid costs of transportation aic
large, albeit less than the total private benefits of transportation Breaking these costs into their marginal com-
ponents, and then estmating them at specific locauons and umes (1mportant for pollution, congestion. and
noise) is difficult. Nevertheless, virtually all observers agree that at the margmn, even the lower range of valua-
tion placed on these sins 1s at least comparable to the pre-tax marginal fuel cost of dnving a car 1 kilometer
approximately 2 U.S cents per kilometer m the US and Europe Some esumates of these hidden costs pul
them on a comparable level with the fully taxed cost of fuel m Europe (approximately $1-$1 25 per lier o1
about 8-9 cents/km)? At the same tume, both critics and supporters of these kinds of calculanons agree that
growth in automobile use m Europe is evidence that consumers derive great private benefits. on average, {1om
usmg therr cars. The concern about car use 18 not about the "average” situation, nor should 1t be focused on
ebmimating private vehicles, but rather on the fact that some automobile use, perhaps even a sigmficant share
of all driving, might not be undertaken were consumers to somehow face more of the margial external costs
directly. Changing the way dnivers pay for using their cars (and the roads) could have a profound impact on
how the car 1s used.

While not all of these problems involve only the automobile, the autormobile does stand at the center ol
many of them. Similarly, some of the problems (air pollution, greenhouse gas emissions mmporting o1l) arc
related to the nature of the fuel used, others not Indeed, 1t appears that actions designed t©0 remedy
transportation-related problems could have as great an impact on fucl use as those aimed only al {ucl. throvgh
provoking restramnt mn vehicle kilometers traveled

? See Kaageson 1993, COWIconsult 1993, or MacKenzie et al 1992
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2. Quantifying Energy Use for Transportation

At the center of the problems of transportanon and 1ts resulting air pollution s an analysis of how
energy 1s used by vehicles. In the imnal phase of this study, we confronted the "vicious circles” of interdepen-
dent data and truly circular calculations lying behund "data” on travel and freight actvity, fuel use, and fucl
economy of each mode. Relying on nauonal data sources provided by a large network of govermnment
academic, and pmivate experts, we collected and analyzed data that describe the structure of travel (and
freight) actuvity, fleets of vehicles, infrastructure, and energy use in nearly a dozen OECD countrnes from
1970 onward. This effort has resulted in a umque data base that offers the first ever quanufication of the stiuc-
wure of transportation energy use m OECD countnes 3

Figure 2 shows per capita travel by mode mn the U S, Japan, and an aggregate of seven European coun-
tries (Denmark, France, W Germany, [taly, Norway, Sweden, UK), Figure 3 shows the smooth time trend
from 1970 to 1990 Figure 4 shows the energy use associated with activinies m each of these modes (We
have made similar tabulattons for domestic freight, which are shown in Schipper and Meyers, ct al 1992 )
Behind these figures lie careful tabulauons of gasoline and diesel fuel (also LPG and natural ga«) for cach
mode of road traffic, a split of energy use for domestic rail and water traffic into passenger and freight shares
and a determination of the domestic share of fuel used for air travel One key finding 1s that automobile fuc!
use has grown in most countnes far more rapidly than that of gasoline alone, the quantity traditionally used to
represent automobile fuel. Increasmng numbers of motonists 1n Europe have tumed to dicsel fuel, while fewer
and fewer truckers use gasohne This 15 one subtle but important aspect of energy usc (or transportaton (ha
has come to Iight in our study

These data show important trends total energy use for both travel and freight (not shown) rose 1n every
country between 1970 and 1991, although the net increase m the U S was very small, because per capita
energy use for travel in the U.S fell (Energy uses not included here mnclude mulitary vetncles, intemational
manne and air fuel, civil aviation, and some miscellaneous vehicles ) The share of transportation cnergy use
in total energy use increased n every country In virtually each case, activity (in passenger-km or tonne-hm)
increased, increasmng energy use The mix of modes shifted towards more cars, air, and trucks n every coun-
try except Denmark. The energy mtensities of most modes fell only shightly, with a few important excepuons

® For cars, energy use per passenger-km, or energy mtensity, fell by over 20% mn the U S, but by less than
5% elsewhere (or even increased), as the number of people in a car decreased,

¢  Foramw travel, energy intensity fell by around 50%,

® For trucking, energy intensity (energy use per tonne-km) increased slightly in most countrics, largely
because of the rising importance of smaller trucks or the nsing frequency of smaller loads

Of all the countries we studied, only the U S showed a clear decline in the overall energy intensity ol
transportation. This was due to the huge decline 1n the use of fuel/km for automobiles, Over 30% between
1973 and 1991. Since real fuel pnices 1 almost all the countries studied were only high for two peniods—
1973-6 and 1979-1985-—it is not surpnsing if we did not observe major changes m transportauon cnergy
intenstties.

3 See Sctupper, Steiner, Duerr, An, and Stém 1992, Schipper and Meyers, et al, 1992, Schipper, Stemner, and Meyers 1903
Schapper, Stemer, Figuerca, and Dolan 1993 Schipper. Figueroa, Pnce, and Espey 1993
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That air travel was a clear exception 1s due m part to enormous and irreversible improvements in both
arrcraft technology and mn utilization. Fuel use per seat kilometer dropped almost 40%, in part because there
were more seats per plane, and the fraction of seats filled rose from below 55% 1n most countries (o well
above 60%.

The calculations behind Figures 2-4 were the first ever presented in an international context, and nar-
rowed many key uncertainties 1n the "gap” in the way we understand the link between fuel use and transporta-
tion activity. But we discovered an even more profound "gap” that has not been erased, and that 1s the large
differences between the fuel intensity of new cars as measured 1n tests, and what these cars appedr to deliver
on the road, m real traffic.* Driver behavior, the influence of traffic, the difference between the test driving
cycles and real dniving cycles, and small differences in the make up of car models tested and those actually
sold all disiort the fuel economy dnvers get on the road As Table 1 shows, thus gap can be substantial
except 1n Sweden. The reason for this excepuon 1s that the tests give more weight to urban dnving than 1~ the
acwmual case for Swedish dnvers, which roughly compensates for the inaccuracy of the tests While the tests
still serve an wnportant function, informing potential car buyers of the relanve fuel economy ot diffcren
makes and models, these provide mcreasingly unrehable informauon about actual fuel use for iorecasting pur-
poses or for esiumating emussions 1n real driving conditions

These difficulties notwithstanding, Figure 5 shows the real, on the road fuel economy of the combincd
diesel and gasoline automobile fleets (including personal light trucks in Denmark and the U S ) in CECD
countnes from 1970 to 1991. The decline 1in the U S (and Canada) 1s dramatic when compared with the very
slow changes in Europe. On the other hand, the evelution of fuel prices 1s surpnising (Figurc 6) Fuel prices
rose in 1973, and agamn more sharply after 1979, in all countnes However they dnifted downward m the
zarly 1980s and crashed in 1986, as Figure 6 shows From the perspective of the ume 1t to takes to turmoves
vehicle stocks (15 years) or mfluence significantly the transportation mirastructure (20 years or longer) the
1979/1985 penod of hugher prices was very brief Moreover, real fuel prices in 1991 were only s:gruficantly
higher than their 1973 value n Italy. and slightly mgher in W Germany, Sweden, and Norway, largels
because of the imposiuon of new taxes after 1988 (and the short-term mcrease in prices dunng the Gul{ War)
Thus it is not surprising if fuel economy has not improved that much n most countries Instcad. cars have
become more efficient—but larger and more powerful—in Europe, and this trend resumed in the U S afie
1982. Because fuel economy mmproved by 10% 1n European countnes, fuel costs per kilomcter rose very lit-
tie, except in Italy. For the U.S,, the 1991 fleet used 30% less fuel/kilometer than did the 1991 fieet, which
means the cost/km was dramatically lower 1n 1991 than 1t was in 1973 It remams to be seen whether the
price increases that occurred after 1988 will have any impact on fuel economy

An addmonal factor restraining these costs increases was the large nise in the use of diesel vehicles
Italy, France, and Gemmany after 1985. Because diesel fuel 15 significantly cheaper than gasoline in thesc
countrnes, buyers of diesel cars lowered their dnving costs, which m tum progressively lowered the average
cost drivers paid for all fuel. While we have not yet studied explicitly the role of these price differences mn
infizencing vehicie choice, the connection is clear Moreover, studying this connection will reveal better how
much consumers are willing to invest in a more expensive (diesel) car that costs less to run

4 Schapper and Tax 1994.



Transportation and Energy/IES -5- Transportanon and Energy/IES

3. Energy-Use Gap?

Our preliminary manipulatons showed that three factors—motorization (or car ownership). mobility (o
travel}, and macho (or the charactensucs and fuel economy of cars—share roughly equally in cxplaiming the
three-to-one difference between per-capita fucl use inthe U S and values in Europe (Figure 7) If Amencans
had dnven the European fieet of vehicles i 1990, per capita fuel use would be about 25% lower than it was
as the second column suggests; if mstead Americans had driven their actual cars the distances Europcans
dnive, fuel use would have been about 30% lower, as the third column shows The fourth column shows the
impact on U.S fuel use of combining these effects, whle the last column, actual per capita fucl use for carsin
Europe, also reflects lower car ownership there

Having quanufied the differences in total travel, modal choice, and aggregate travel bchavior that distin-
guish the U.S. from Japan and Europe, and the populatons of Europe from each other, we tumn to the issuc ol
why Enropean automobile fuel use 1s so different from that in the U S We have considered policy instruments
that expiain these differences, including energy prices and taxanon and taxes on cars. as well as demogranhic
and behavioral trends that interact with these factors

Fuel pricing has had an impact on fuel use and distance travellea Our prehiminary cross-sccuonal
econometric studies show that fuel prices affect fuel use primanly through the fuel economy ot (ncw) cars
but also through the affect of fuel pnces on car use The long-lerm prnice elastcity of fuel use 15 -0 8 fiom
cross sectional esnmation (Schipper and Johansson 1994), with about -0 46 ansing from diffcrences in the
fuel intensity of the car stock, -0 26 from differences in distance traveled, and the remainder from differcnces
in car ownership. If we include each country’s population density, the overall price elasticity falls very
shightly, suggesting this factor plays a small but appreciable role 5 These findings are consisient with our
study of car use (Espey and Schipper 1993), which show a relauvely low elasticity of kilometers travelied
with respect to fuel price (and fuel intensity) from time-series anatyses of each country

Subtle differences in the way cars, and other parameters of car use, are taxed are also important 10 own-
ership and use, aithough the impact on fuel use 1s small in most countrnies because of the dominant cffcct ol
fuel taxation itself Schipper and Eriksson (1994) calculated the impact the tax schemes mn cach of seven
countnies would have had on the total costs for acquisition, yearly fees, and fuel for the mix of cars sold n the
U.S. in 1990. Figure 8 shows both the untaxed U.S prnice of the car (and 10 years’ of fuel at 14 000 km/ycai
and 8 /100 km), plus the taxes on acquisiuon, fuel, and yearly ownership over the same 10-year period
(assuming constant costs or prices for each component from 1990) The enormous burden of ad-valoiem
taxes in Denmark, Norway, and even Holland contrasts sharply with the absence of heavy taxation mthe U S
and the modest taxes levied by other countnies with important car industnes

While differences in fuel prices explain much of the difference in fuel economy between the Uniied
States and Europe, they explain only a part of the differences in mobility The relative distances between
urban areas, the pattern and density of settlements, and differences in fuel prices offer some cxplananon
These factors also act to give such collective systems high enough ndership to keep the vicious circle of fal-
Iing patronage from squeezing the system. Sull, these modes require heavy subsidies in Europe for their con-
tinued survival and apparent popularnty. Although the longer term trends show the car slowly gamng in

5 In future work we will try to use a parameter that more carefully measures urbamzation and urban density
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Europe, it is doubtful that cars will ever provide the same sharce of travel, or the same lcvel of mobility pot
capita, as they do mn the Unuted States

4. Patterns of Mobility

To understand more about these differences in transportation patterns, we have begun 1o analyze how
people travel, how often, and how far, using national personal transportation surveys. In this analysis, we aic
trying to see whether the travel pattemns of persons m the United States (roughly one-third of person-
kilometers for work, one-thurd for family business hike shopping, education, or medical nceds, and one-tinrd
for free-ume activities) are slowly developing 1n Europe, or whether the pattemn s different in Europe because
of therr pattern of work locations, car ownership, urban density, land use, or availability of transit

One interesting prehminary result suggests that a single jourmney 1n a car in America 1s about as far as
one m Europe. Figure 9 shows that the average trip length 1n a car does not vary substantally over the coun-
tnes shown.% In particular, we were surprised that the average car tnp n the U S 1s only around 15 km, com-
parable to that in Sweden or Britain, and only slightly longer than a trnip 1n Germany or Denmark What
explains the enormous gap between the U S and Europe in per capita distance travelled by car 15 thus the
number of tnps per capita and not America’s allegedly sprawling distances However, the sprawi of
Amernca’s suburbs certainly contributes to reducing walking and cycling trips to work, services, and ieisure
ume. More subtly, however, 1t appears that 1t 1s the large number of short tnps Amernicans make by car (which
Europeans make with their feet, thewr cycles, urban transit, or simply don’t make) that reduces the average
distance an American travels when she uses a car That 1s, Europeans have virtually the same access 1o travel
destinations as Amencans, but they do not travel as far or as often to achieve this access

Figure 2 revealed this difference 1n another hght We see that the distance Europeans travel by rail and
bus (both ntercity and within urban areas) 1S three to five imes that covered by Amencans Europeans’ travel
by collective modes neither compensates for the Amencan's greater travel by car, nor acts as a direct supsti-
tute. Instead, a complex set of factors related to land use, urban density and fuel and transit prices both cop-
strains Europeans to travel less and offers a more attractive framework for using cellective modes

5. Trave! and Urban Form

How does mobility, particularly automobile use, vary as a function of the density of the surroundings m
which a person lives? To answer that question, we have examined natienal, multi-state regional, and local
surveys. The national travel surveys show that the mobulity of car owners living mn dense built-up arcas was
somewhat less than people with cars living 1n less dense parts of ciies or 1n rural areas (At the same time
there are more poor people or those without cars, particularly childless individuals and couples, 1n urban
areas.) Figure 10 shows how household dnving in the U S. vanes by multi-state region and by the location ol
household (central city, suburban, or rural) ’ The regions of the U.S represent those with the two highest

6 We have made many adjustments to national figures for sake of compaubility The first U S figures exclude longer trnips reported
1 a special section of the Nanonwide Personal Transportation Survey, "Travel Period”, the second set mclude these figures

7 The data are taken: from the Residential Transportation Energy Consumption Survey Household Vehicles Energy Consumption
1991 (DOE/EIA 0464(91) Washington DC US Dept. of Energy Sadly, the data on fuel consumption are imputed from reported driv -
mg distances and the certified test fuel consumpuon of the model of the cars eacn household owns The distnbunens of travel agrec
with those m the U S. Nationwide Personal Transportztion Survey (U S  Department of Transportation 1992)
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average and lowest vehicle use/household It 1s clear from the figure that households 1n the urban arcas have
the lowest mobility (measured in vehicle/kilometer of travel [vkit)/caprta), those 1n the suburbs the highest
vehicle use, and those in non-metro areas close to, but below that of those n suburban areas Notably, the
varniation: between central city, outside city, and non-metro (rural) 1s larger than the vanation between Fegions

The socio-demographic charactenstics of "Those living 1n less dense parts of citics" are different {rom
those in rural areas or those 1n city centers, just as households in one region may be quite different from those
1n other regions. If we examine travel/household as a funcuon of both region and mncome as reported in the
survey (Figure 11), the variation over income 1s significant and broader than the vanation over geography (we
show two groups from the bottom and top of the distribution) Simularly, if we straufy by whether or not the
household has chiidren (not shown), we also obtain a significant difference in vehicle use, even if we control
for mcome. We find that life-cycle charactenstics are imporant considerations as well. Single adults over 60
years old travel 15000 my/year, ranging from a low of 6000 mi/year for those earming under $15,000 to a high
of 27,000 myfyear for the wealthuest group Those under 35 travel 50% more, within a given income band
than those over 60. Since the composition of a population by income, age, and demographic Structure varics
by region, it 1s important to understand the influence of each of these variables in order to explain some of the
vaniation in total travel between different regions Thus, the mobility of people in any particular region, o
location within a region, 1s complicated by icome effects and hife-cycle effects that depend on age and {am-
ily status (such as number of children} Those living in central cities dnive less, but they have fower childien
lower mcome, and fewer cars.

When we studied European nauonal surveys with regional detail, such as that undertaken in Denmark in
1992/3 or those undertaken in Britain approximately every five years, we find similar etfects, location 1s an
mmportant determinant of mobility, but the differences in mcome, demography and the age structure of popu-
lattons vary enough by locations so that these factors must also be examined with data gleaned from surveys
Moreover, the difficulty of working with entire regions—not to mention countries—suggests we nced a finer

tool than sumply household travel behavior by region 1f we wish to understand the relauonship netween loca-
tion and travel.

As an example, compare travel m the mner and outer parts of two Scandinavian cines, Copenhagen and
Stockholm.® Figure 12 shows shares of travel for residents of central Copenhagen and the Copenhagen
suburbs from a new survey covenng 1992/3 For comparison, we also show weekday travel of residents of
central Stockholm and its suburbs from the 1986/7 survey of that city. It is clear that those living i the mner
city travel less by car, and, of total mobility, less as well For the enure Stockholm region (and entire weck)
75% of weekend travel 1s by car, vs. only 50% dunng the week. Interestingly, during the week travel withm
greater Stockholm makes up 80% of total travel, while on the weekend that figure falls to 75¢7 as more
residenis leave the city.

In the case of Stockholm, mner city residents own fewer cars (half as many per houschold), are otder
have fewer children, and have smaller household incomes than those hving n the suburbs How much of the
reduced travel (or lower share of car ownership) 15 caused by these factors, how much by the higher density
and proximity to stores and work? Thurty-five percent of those i mnner Stockholm do not use cars or-public

% Data from Oslo, Norway, show sumslar tendencies
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transport 10 get to work; presumably they walk or use their bikes. In the rest of Stockholm this share falls o
well below 1%! The average distance for all tnps for those n the mnner city 1s 4 km (bus) and 5 km (carj, v
well over 10 km for each mode for those hiving outside of the mner city In 1971, the relationships were simi-
lar in the 1nner city. So there 1s clearly a density/proximity effect One reason those 1n the central city don
move as far is that congeston 1s bad six days 2 week Moreover, the population n the central arca is aging
and falling. In other words, the relative importance of these people to the total picture 15 shnnking. Thus
while urban form and locaton certainly affect travel, they affect many other aspects of daily lifc as well  And
many factors besides urban form and population density affect travel

To probe the question more carefully, we examined a detailed survey of the San Francisco Bay Aica
Graphs of vkt per resident vs. density in the Bay Area show a sharp decline n travel as density mcreases The
data taken from household travel surveys and Census housing reports are aggregated by the rcgion’s traffic
analysis "superdistricts”. Residential density 1S expressed here as persons per residential acre In Figure 13
the long tail of the distribution 1s created by the four City of San Francisco superdisinicts the highest
vkt/capita is produced by areas at the fringe of the metropolitan region Using a natural log sciic we eot o
picture of the scattenng 1n the middle levels and 1dentification of apparent outlycrs

The relationship depicted, however, 1s not so simplc as first appearances might mdicate 1t 15 well esta-
blished for nstance, that income 1s one of the most mmportant factors mfluencing travel Higher income
households travel more, on average, than their less affluent counterparts, they are more hkely to hve m low
density areas and their household size tends to be smaller m cities, all of which contribute 10 boost per capita
auto use, where all other factors are equal Therefore, the differences in driving may be cven gicater than
implied by the per capita measurements.

Figure 14 explores the income effect. For each of 15 income ranges, households are classificd as hving
n "high” density areas (averaging 49 persons per net residenaal acre) and "low" density arcs (averaging 14
persons per acre). Simple regressions then were esumated for each of the density groupings for vkt ve
mcome and vehicle trip length vs. mncome In each case, the regressions for the two density levels dare statsti-
cally different. For example, households with an income of $10,000 per captta who Iive 1n low density arcas
generate about 60% more vkt than those with similar incomes who have chosen hugh density restdenuial dis-
tricts. Nevertheless, it is apparent that income per se 18 very strongly related to travel levels and environmicn-
tal impacts.

Unfortunately, the analysis is hardly conclusive, since 1t too omits a number of variables which poten-
tially could have a significant effect on travel For example, the "high density” average shown in the graphs
corresponds to about 12 housing umits per net acre, a level which 1s generally thought to be sufficient to jus-
ufy reasonably good transit service. It would be expected, all other things being equal, that high quality tran-
sit service would lead people to substitute bus and tran trips for car trips, reducing overall vehicle travel lev-
els. The relatively low vkt levels found in San Francisco are probably explained, m part. by the high levels o!
transit services provided—services wiuch 1n tumn are feasible because development densitics ecnsut¢ a maike!
for them.

This work is being extended. A fully specified model mcluding density as well as other likely 1ndicators
of travel behavior, some of which were suggested by the natonal analysis shown above (age, household struc-
ture, housing tenure, etc.) is being developed, and exploratory analyses designed to idenufy what charactens-
tics of higher density per se may affect travel choices are being carmed out In addinon. data for ather
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metropolitan areas, including Los Angeles, Sacramento, San Diego, Seatile. and Portland (OR). have been
assembied and will be analyzed. There 1s much to do—and n the meantime, mferences drawn from simple
two-variable models should be treated with extreme caution

In particular, our analysis only measures one vanable associated with density, and that 1s travel We
know from both national and regional data that income and demographic characteristics also vary {rom city 0
city, or from place to place within a city We cannot tell the extent to which these are "causes” themselves of
difference m travel behawvior, or "effects" of the nature of the locality where people live Moreover, many
household expenditures, such as insurance, food, and house rent or ownership and maintenance costs, are sen-
sitive functions of where people live Most of these expenditures are quantitatively more important than mai-
ginal expenditures on travel, whether by car or other modes Therefore, 1t 1s both difficult to say how travel
would vary if the densities of residential areas (or other aspects of urban form) were changed But 1t would be
even harder to say how other important charactenstics of daily living would change It would be foolish there-
fore to extrapolate from the tenuous relationships between population density and total travel to prescribe
changes in the former as a way of influencing the latter, unless we understood how other features of the qual-
ity of life—and the cost of living it—were to change, 100

6. People on the Move?

Why has travel been increasing? Where are people going? Certainly, nsing income in many COURtrics
seems to encourage (or at least permit) people to spread out away from denser. urban environments—ihosc
that could support frequent, and convenient, transit service and waiking Rising car ownership 15 the main
route along which this change occurs Suburban development tends to undermine transit scrvice (except (o
certain commuting corridors) and make people more auto-dependent This change n the physical layout of
society is not spontaneous. Powerful tax policies have mfiucnced both public and prnivate decistons affecting
housing, services, and other development

At the same time, many other policies, and some deep-rooted societal forces, have incrcased both the
fuel used by cars, by encouraging the purchase of larger vehicles, and the distances peoplie drive them
through the provision of discounted gasoline One important policy 1S employer provision ol company cars
common 1 several countries in Europe Figure 15 shows that the weight and horsepower of company cars—
nearly one-thurd of all new cars sold 1n Sweden each year—were significantly greater than those attributes ot
"private” cars (or the entire new car stock) Moreover, the policy stimulated car ownership, both by providing
new cars to selected employees and by providing a steady source of "previously owned” cars to the used-cai
market. Other data show company cars are driven further Add:tionally, government or emplover provision of
subsidies for commutng (by car or transit) and tax deductons for interest on home morigages (which
encourages individuals to buy larger houses on larger lots) lead to more travel

Other important forces have boosted travel demand The very structure of employment, with more
women in the workforce and more part-ime or self-employment, has raised travel demand Figure 16 shows
the distances men and women in different age groups n the U.S drovean 1990 Note that while men continue
to drive more than women, the gap shrank in 1990 Since the number of women with access to cars grew so
dramatically in the 1970s and 1980s in the U S (a phenomenon now apparent in Europe), this change drove
important increases m total travel. Data from the US and European countries show that the number ol
women having drivers’ licenses at a given age 1s closing 1n on that for men, at least among populations unde
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55 years old Soon women will be as mobile as men

The aging of populations adds a new dimension to travel demand, particularly as baby-boomers who
grew up with full access to automobiles retire, bringing their cars and therr mobility with them As Figure 16
shows, distance driven also depends on age Note that older people drive less than younger Will these pat-
terns persist as the present baby-boomers approach retirement? Finally, household size has been shrinking
through a number of factors, including aging This means more single drivers, which tends 10 mcrease travel

Is total travel saturated? Certanly not 1n the U S., and probably not 1n Europe Whtle congesuon himiis
speed in certain parts of the travel cycle, most growth n travel 1s occurring outside of congested cities or the
worst hours of crowding. And Europeans are traveling more in the evenings and on weekends, as stores and
other attractions are open for longer hours For the most part, this extra travel 1s car- or air-based, modes that
are more energy-intensive than buses or railways Between 1973 and 1990, shifts among modes alone
accounted for increases of 3 to 15% 1n the energy used for travel While the ludden mncentives for more travel
and the soctodemographic forces sumulating travel may have saturated, the full impact ol a mobile <ocieny
have yet to be felt in the mdustnalized countnies

7. Fuel Choices: Exploring the Alternatives

With people on the move, increasingly 1n more powerful cars, fuel use 1s on the rise But what 15 wrong
with gasoline and diesel fuel? Energy secunty, the hidden cost of importing oil, say some The United States
for example, imports well over 8 mn bbl/day of crude o1, Europe even more Most Western European coun-
tries (and Japan) import 2 far hugher share of their o1 (and energy) than the U S, so concems about sccurty
are hugher there than m the U.S. While only a fracuon of these imports come from the Middle East, that
region is still the lowest-cost margmal suppher The air pollution ansing in most cities around the worid 15
another reason for concem, most agree The carbon dioxide emissions from compustion. warn the caperts
from the Intergovernmental Panel on Chimaie Change, 1s a pressing worry as well Note, for example, tha
while these fell in the U.S., they increased in the other regions shown, and by even larger amounts 1n the
developing world. Whatever the magnitude of these 'sins” of automobile fuel use, mereased fuel economy
and alternauve fuels offer considerable remedies

7.1. Fuel Economy

One important way of mitigating the nse 1n fuel use 1s to improve the fuel economy of vehicles Indecd
enormous strides in better technology affected cars (and trucks) m all countnes we studied In the U S. tnese
umprovements, combined with g modest decline 1n car size and power, led to a drop of more than 30% n the
fuel used per kilometer i the entire stock of cars and personal light trucks by 1991 In Europe, car size and
power increased, offseting most of the apparent gains m fuel efficiency from better technology Few disagrec
that there 1s great potenual for further reducuons i each country, dependmg on the evolution of vehicic
weight and performance. In Schipper and Meyers et al we spoke of a US fieet at near 7 51 /100 km (compare
with 12 today)} and one in Europe close to 6 1/100 km by the year 2010 Qur study of the gap between Lest and
real fuel use, however, showed that drniver behavior and congestion are eating mto some of these potentidl
savings. Nevertheless, cars can be made less fuel-intensive
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The real issues for "potential” are two-fold manufacturer mterest and consumer nterest The latier 11
clearly simulated by fuel prices, but also by consumer values for car performance vs cconomy The formet
1s stimulated by competitive pressures on manufacturers to innovate, i turn related to fuel pnces But there
are many other automobile attributes that drive competition, too Smce fuel use s a very small part of the
total cost of owing and using an automobile, 1t 15 not surpnising 1f both manufacturers and consumers 100k (o
other attributes of cars during periods of relatively low fuel prices, even if some fuel-saving options pay olf in
a few years. As Eriksson noted (1993), consumers may simply discount away future fuel savings after a icw
years. Ini any case, there are almost no cars on the market today that offer a vanety of fuel-cconomy packagcs
for essentially constant performance. The 1991 Honda Civic DX and the Audi 80 Diesel are two exceptions
where differences m perfonnance between two models with different fuel economy 1s vamshingly small

Koomey et al. compared the 1991 Honda Civic DX hatchback to the 1992 Honda Civic DX hatchback
and the 1992 Honda Civic VX hatchback. These cars have equivalent horsepower (the 1992 DX has shightly
higher horsepower) and are otherw:se idenucal, with some small exceptions for which the authors correct
They find that the 1992 DX offered significantly improved fuel economy over the 1991 model with virrually
no mcrease m prnice. However, including the lean burn technology n the VX mceurred extra costs with a long
payback. In the case of the Audis, the Audi Diesel TDI (turbo direct injection) provided the same power ol
lower fuel use than the regular diesel Aud: 80, with a payback of 8 1o 10 years at German fuel prices (Wester
1992). In both cases, these options were relatively high cost, but they represent two rare chances to view vi-
tually identical models side-by-side, from which informed buyers could choose extra fucl cconomy for g cet-
tain payoff.

Normally, consumers are not offered such options They much chose between performance or fucl
economy. Present market trends point towards more power and performance, with technology providing
these "amemuties” at constant fuel economy, rather than providing better fuel economy at constant perfoi-
mance. As a result, fleet fuel economy 1s only improving slowly This does not mean that there 15 not &
significant potential for fuel economy, only that present market condttions, including fow fucl prices. have
permutted consumers and manufacturers to look to other features of cars

7.2. Alternative Fuels

If insurance from disruption of o1l imports 1s an important goal, why not switch to different fuets? This
works, provided one 1s prepared to pay a premium Quite simply. there are no fuels whose costs compete
with the margmal costs of producing o1l 1n the Middle East, and virtually no altemative fuels availabie
significant quantities that can be dehivered for the present pre-tax cost of gasoline in North Amcrica o
Europe.

It might be possible to produce sigrnuficant quantiies of methanol cheaply from coal, but that process
then raises significant questions about the environmental impact of sigmficant increases 1n coal mining and
methanol production. The same could be said of ethanol production from grain, but that proccss requires
sigmficant fossil fuel inputs for production, mputs that nearly equal the energy value of the gasoline dis-
placed. Presently, grain ethanol receives very large subsidies 1n the U.S. through tax forgiveness to make its
price competitive with that of gasoline. Ethanol production from forest biomass shows considerable promisc
Finally, natural gas offers some relief, but for most countries this also means imporung fuels In cvery case.
however, producing the equivalent of several million barrels a day leads to concems that the costs ol
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feedstocks (natural gas, coal, etc) could rise In other words, 1t 1s possible to produce or procure sigmficant
quantities of fuels domestically in the U.S (and in many European countries), but the costs arc tugh Is 1
worth it?

The costs of alternative fuels are not always easy to calculate, although 1t 1s possible to provide an
imponant range of uncertainty This range depends on the price of the feedstock, the vanous production
efficiencies of the fuels, and the real costs of the mvesunent m production capacity, and, implicitly, the cost
of using that fuel in companson with gasoline Unfortunately, that range usually spans the regimes of mterest
Urnless we have a clear understanding of the value of an alternauve fuel (ic , the value of reducing otl imports
or reducing emissions), the best we can do 1s merely fan the flames of debate.

The emissions reductions resulting from using alternative fuels are difficult to estmate for several rea-
sons Part of the problem 15 agreeing on which emissions to count, and how to weight them Another problem
is that our knowledge of actual. m-use emissions (including evaporative emissions from standing venicles) i<
poor; comparing a theoretical model or test results for an alternative fuel with emussions from "rcal” gasoline
or diesel velcles is problematic because our knowledge of the real emissions from exisung vehicles 1 jnm-
ited. Since it 1s the real difference between existing and proposed fuels that constitutes the mam environmen-
tal benefit that can be compared with costs of fuels relative to gasohne. choice of the "best” fuel 1s difficult
Finally, valuing these reductions i1n monetary terms, however unpleasant a task, 18 necessary at some poini 1!
we are to decide how to spend our money, or indeed to choose which alternauves are best for society Cost-
benefit analysis cannot provide us all the answers, but it 1s helpful in choosing means towards an end

Figure 17 provides some qualitative msights into the impacts of alternauve fuels We show a single
impact—greenhouse gas emissions-—calculated by comparing the full fuel cycles for producing the fuels
shown (Sperling and DeLuchi 1589 and references theremn) Two cases, one opumisiic, One pesSImIStc al1c
shown. Those feedstocks that depend on nuclear, solar, or wood biomass energy sources offer a clear reduc-
ton in greenhouse gas emissions, others are margmal or indeed increase emissions undcr sOME assumplions
Almost all the alternatives improve local air quality, but electric cars and fuel cells, with no local combusuon.
provide the greatest benefits. Hydrogen 1s also a "winner". although combustion does produce NO\ and watet
vapor. Methanol and ethanol give some benefits 1o both local air polluuon and, 11 some cases. CO. but
measunng these benefits 1s more uncertain than in the case of other fuels i

The costs of usimg and making alternauve-fueled vehicles are also difficult to estimatc because oul
expenence 18 based on the small numbers of vehicies converted to alternative fuels, or small numbers of
purpose-built vehicles. This difficulty poses a particularly unfair burden on our esumate of the cost of electnc
velucles, since our experience with large-scale manufactunng of cars without combustion engines and battery
and drive systems optimized to provide the performance of automobiles 1s imited. That ts. the costs of mak-
mg electric vehicles i large numbers would almost certamly fall from those we expenience today For othe
fuels, we have good expenence with methanol and ethanol and LPG as well, some expenence {particularly in
Europe and New Zealand) with compressed natural gas vehicles, but very little expenence with hydrogen
Since we understand gasoline and diesel engines the most, 1t 15 undersiandable that many lean towards given
these fuels a second chance (through reformulation and better emissions technology) rather than jump 1o
something new. In general, we can expect the costs of virtually any altemative fueled vehicles to decrease
from today’s estimates once we have set in motion competitive forces to produce large numbers of vehicles
Much of today’s debate, particularly in California, is really on how best to get started
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Figure 18 attempts to put these considerauons mnto a qualitative framework We show changes in local
air quality, consumer cost, and consumer acceptance for five types of fuel/vehicle combinations (methanol.
CNG, battery electrics, hydrogen combustion, and fuel cells) We have omitted “consumer cost” from clec-
trics, because this 1s so difficult to determine Figure 18 suggests indirectly that the most important "fuel” 15
not really a fuel per se, but rather a vehicle, one using some form of electrical propulsion There are rcally
many kinds of "electnc vehicles” (EVs) In addition to the traditional battery-dnven EVs, hybrids that use
both a fuel motor and electric drive (including Amory Lovins’ ’supercar’ {1993]), city and neighborhood clec-
tric cars, and fuel-cell vehicles In reality, all these electrnic technologies are closely related and likely to be
matched together 1n vanous ways in vehicles Electrnic propulsion may provide the best option for majos
reductions m poliution, greenhouse gases, and petroleum use because local emissions are nil (or small 1f a
hybnd 1s properly used) while emissions for making electncity can be controlled at powerplants Howcevet
the start-up barmners for EVs are large and the long-term costs sull uncertain

In any case, it appears to us nevitable that most vehicles will someday be operating on some form ol
electnc propulsion, possibly as fuel cells Cahforma has already mandated that at least 2% ot new vehicle
sales 1 1998 be “zero emussion vehicles" (ZEVs), e, clecinc vehicles The question 1s how aggressively
authorities should invest in and push these technologies at this time A government role 1s critical and neces-
sary because most, but not all, of the attractions are external to the marketplace Some. but not all, of these
problems can be overcome by pricing fuels properly to reflect environmental and other concerns. but this has
eluded the U.S government for decades. Moreover, there 15 a chicken-egg problem related to the enormous
infrastructure changeé facing any alternanve fuels Does the mfrastructure (for chargmg, cic) change (o
accommodate a3 whole new kind of vehicle, or does the vehicle change first? Related to this are the large sunk
mvestments by the o1l and auto mdustnes These important actors will understandably resist investments in
electnic propulsion unless their present investments are not put at undue risk The promise of clectric propul-
sion 1s so great that 1t would be difficult for authonues not to start reducing barners and supporung active
R&D programs Further, 1t may be appropnate for governments to mandate that certamn vehicles be produced
and sold, as California does with the ZEV mandatc. But the real difficulty with alternatve fuels remams the
cheap alternatives, gasoline and diesel fuel

It must be emphasized, 100, that there 15 no one "solution” o transportation or enetgy problems It a
very clean and cheap fuel appeared, say because of an unexpected breakthrough in fuel-cell technologies, the
cost of using cars could actually go down At present, natural gas and electrnicity are not subject to road taxa-
tion 1 most countries: while the vehicles to use these sources may be expensive, use 18 cheap Some citics n
Europe have offered incentives for electnic vehicle ownership, such as access to special lanes dunng com-
muter hours or low-cost parking. Does this simply contribute to reducing air pollution while increasing
congestion? Clearly a systematic approach to transportation problems, while 1t must mvolve technology and
new fuels, must also involve proper pricing of fuels and of the use of the transportation nfrastructurc as well

The conclusion is that alternative fuels offer some relief from importng o1l, and potentially significant
or even enormous relief from both local air pollution and greenhouse gas emissions Are the costs worth the
benefits? That 1s hard to decide But 1t 1s clear that the benefits of alternative fuels are mmmmised as long as
the mamn route to their introduction 1s through subsidies, rather than taxes on the "dirty fuels® We aiscuss
below some of the expenience with fiscal stimuli, then attempt to answer part of this question
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8. Fiscal and Administrative Policies to Clean Up the "Sins"?

Policy makers in Europe, Japan, and North America have taken note of the growth in travel (and freight)
activity because this growth has comphcated efforts to deal with the "sins". Ownership Of (0T access 10) a Lal
is the single most important determinant of total personal travel It 1s clear, however, that owning a car per s¢
1s no s a gas guzzler sitting 1n the garage pollutes and congests less than an efficient car driven scveral
hours per day. Taxes and other measures aimed at curbing fuel use or boosung fuel efficiency can play an
important role in curbing the problems ansing from fuel use What some authonties have begun to realizc 18
that taxes should be shifted away from fixed costs (such as those based on the value or weight of carw
towards vanable costs.

The taxes on cars affect car ownership and size, and thereby total mobility and total fuel use Using
cross sectional data, Schupper and Johansson (1994) estmated that the tax required to achieve a 1% reduction
m lifetime fuel use for a VW Rabbit 1n 1981 was only $100 1f placed on fuel but as much as $500 11 placed on
the attributes of a new car. This finding has important implications for poiicies that are constrained from tax-
ing fuel use (or other "sins" of car use) directly The bright side of the heavy tax burden i Europe 15 that
govermnments have been able to reduce taxes on clean fuels or new cars with the most modemn pollution abate-
ment. Governments reduced taxes on unleaded fuel, ushenng n a rapid switch to new cars vang unleaded
fuel. Similar price differentials have dnven the share of diesel vehicles up (and down) US authonues. by
contrast, have little to work with, so have subsidized or even mandated certain alternatves, such as ethanol o
gasohol. On the other hand, European prices are so high that they may "cover” most of the externalities
present when cars are used, so there is not much room left for mampulating prices. only the possibifity ol
shifung some of the fuel tax burden to other aspects of car use

Using such sttmulbi as taxes to achieve these goals 1s nothing new and they work The expernence ol
Europe, where fuel pnce differentials have dniven the recent populanty of diesel cars or, more important
unicaded fuel-using cars, suggests that pricing must be an important element of the tool box In the Nordic
countries, small but noticeable taxes have been added to vanous fuels 10 represent their environmental dam-
age These taxes mclude a CO tax, which has the important benefit of exposing the CO_ embodied 1n the
production of fuels. But 1t 1s clear that in the Umted States, where 1t has proven wrtuahy impossible o
significantly tax gasoline for its problems (pollution, for example, or even for the nisks of importing o), and
where authorities are only now beginnming to burden the motonst with more of the marginal burden he o1 she
puts on society when using the car, that it will be harder to expect rapid changes in either fuels o1 vehicles as
long as users of the "dirty” fuel continue to enjoy that fuel at low costs

In the U.S., for example, ethano! use 15 subsidized because some local or federal taxes (5 4 cents/galion)
that apply to gasoline are not leveed on the gaschol made from ethanol Since gaschol 1s 10% ethanol, this
amounts to $0.54 US per gallon of ethanol in forgiven taxes (or $0.72/gallons of gasoline equivalent, becausc
ethanol contams less energy than gasoline). Additionally. states grant up to $0 04/ gallon of tax forgivencss
on the gasoline/ethanol blend ultimately sold, which works out to ten times as much on the ethanol, since the

blend is 10% ethanol, 90% gasoline. But that imphes that the "sins” of gasoline use—pollution and o1l
' imporntis—are at least this big, which may certainly be the case in smoggy urban areas But this strategy of
subsidy provides drivers no mcentve to buy a less fuel-intensive car, or dnive less, or even use altemative
modes of transport. Most would agree that m areas affected by smog, 1f gasoline were pniced at $0 72/gallon
more than its present cost (about half of the difference between the real 1994 price and the rcal price m 1981
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the ali-ume high since World War II), that the present fleet of cars would be sigmficantly more fuel-etficient
and that people would use their cars somewhat less This alone would lead to large reductions n all of the
problems of using automobiles and gasoline Additionally, such taxes on gasoline would certainly accelerate
mtroduction of less polluting alternatives.

How much more efficient or less gasoline would be used 1s, of course, an open question But 1t can be
shown that society is cheating itself out of true welfare by passing up these benefits when focusing only on
subsidies. Subsidies may be important for getung technologies offening significant social benefits (at some
nsk) started, but when the subsidies become institutionalized (such as company car benefits in Europe), they
become nearly permanent. And when problems are relauvely well identified—gasohne usc, poliution
congestion—but solutions are diverse, incremental, and hard to wdenufy, 1t 1s nsky for society to "pick
winners" through incentives rather than "declare the loser” through taxes, the approach taken in Europe If we
are truly o reap the benefits of alternative fuels, and more efficient fuel use, options have 1o compete mn a fan
marketplace. Since the main goals are collective, ie , reducing pollution and the small but ever-present threat
of an mterruption in oil supplies, the first step 1 promoting these goals s to lay down a clear pictuic 10 gaso-
line (and diesel fuel) users illustrating the costs they impose on all of us

The extemnalities from fuel use alone and the resulting emissions (ncluding COZ), however, may not be
the most nportant "sms” affecting the system, however While & vanety of studies continue to debate this
matter (Kaageson 1993; COWIconsult 1993, Roelofs and Komanoff 1994, Johnson 1993), 1t 15 clear that tran-
sportation problems go far beyond those related to the propuision of vehicles Because so many problems arc
related to utilization of cars, both in general and at specific umes and places, road pricing and other schemes
that charge travellers for thewr use of the system may have a greater impact on reducing the impact of these
sins. Unfornunately, there have been few road-pricing schemes implemented throughout the world Toll 11ngs
have been established around the principal cities 1n Norway, however, and n the old town of Tallinn, Estonta
Related schemes attempt to raise the price of parking to market levels, 1¢, remove any hidden subsidics 1o
on-street or public facility charges. Other measures collectively calied "Transportaton Demand Management '
(TDM) can have small but noticeable 1mpacts on automobile use, as Table 2, prepared by onc of us for the
Califorma Energy Comrnission to model the San Francisco Bay Area 1llustrates (see also Stemer, 1992) In
the U.S., workers will now face the prospect of payimng taxes on the value of employer-provided parking ot
taking the taxable equivalent as income At the same time, the amount an employer can contribute Lax-{rec {01
the use of mass transit will be increased, something that moves the U.S closer to European policies of subsi-
dizing commuting! Note that three of the measures are fiscal in nature "Congestion pricing” means raising
tolls significantly on the region’s Bay Bridge during peak hours How acceptable are such measures? We do
not know at this time, but we will be studying these and other schemes (such as those in three citics m Noi-
way) in the future

Many countries use purely admimstrative measures to counteract some of the problems of automobile
and their fuel use. For example, the U.S., Canada, and most countries 1n Europe require advanced cxhausl
emissions controls on new cars. In Sweden these are complemented by a taxation scheme that raises the taxes
on new cars with the least advanced emission reductions and lowers taxes on new cars with the most
advanced systems. Few countries enacted strong admimstrative measures to provoke improvements m fucl
economy, but the Corporate Average Fuel Economy (CAFE) standards in the Uruted States werc an 1mportant
exception. These were certainly a factor in narrowing the gap 1n fuel intensity between the automobile flcels
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mn the U.S. and comparable ones in Europe (Figure 5). While fuel pnices also sumulated some of this
improvement, it 1s striking how hittle fleet fuel intensity fell in Europe over the penod m which U.S iniensity
fell by more than 30% with only very small increases in dnving distances per car. But as the problems
specific 1o fuel use yield to those more related to automobtle use or the choice of fuel, 1t 1$ increasingly
difficult to manipulate both the production and use of both cars and fuels with admumstrative measures. Morc
and more researchers confront the same conclusion unless the marginal cost of using the car rises to closc the
gap between private and social costs, 1t will be harder and harder o atone for the "deadly sins", 1e., promotc
all the alternatives on their own merits, whether they are new fuels, more efficient cars, less travel, more usc
of other modes (including walking and driving), and perhaps in the very long run, changes 1n the patterns ol
settlement that might themselves be one of the reasons why people are on the move more

Emission trading belongs an important set of hybnid measures that lie between purcly fiscal ones and
those relying on regulations. The aim of these measures s 10 maximize economic efficicncy by allowing
trading/selling of pollution nghts or credits For cxample, vehicle manufacturers who coula reduce the test
emissions of their new products might "sell" some of the cred:t for pollution reduction tc manufacturers who
could only meet reducuion targets at very high cost That way, the ratio of total emussion reduction (o invest-
ment cost 1s raised towards 1ts maximum Or fleet owners could trade among themselves the "nght” (¢ pol-
lute using gasoline vehicles agaimst the use of cleaner vehicles, provided that authorines provide an overall
benchmark standard Similarly, companes looking for ways to clean air where they have stationary sources
of pollution may acquire certain credits towards pollution reduction by buying and junking old vehicles that
lack smog controls, vehicles known to contnbute to local air pollution far out of proporuon to their actual
numbers. And local authonities could permit vehicles of vanous emission Ievels to be sold. but wax those with
mgher emissions more heavily than those with lower ones. as has been estaolished i Sweden

9. Sustainable Transportation?

Efforts and successes of the last two decades notwithstanding, an imporiant reassessment 15 needed of
both the nature of transport/energy problems and our changing options to dcal with them It 15 clear that
growth in the volume of mdividual transportation, cannot continue indefinutely Increasingly policy makers
are asking whether present trends in transportation are "sustanable"? Can growth 1 mobility Irom cars (and
increasingly, air travel) continue as long as fuel 1s relatively mexpensive and the carbon-dioxide cmissions of
present day fuels ummportant? Or will energy/environment problems hinder this expansion” Even 1f these
fuel and environmental problems are solved through switching 1o nearly benign fuels or electricity, might not
other transportanon problems, notably congestion, sprawl, and noise, lead to a situation where an mncrement
of transportation activity will cost society more than 1t brings in private and public benefits? Will changing
perceptions of the "sins” of transportation, the many externalities (such as congestion, noise, recyching ol
automobiles, etc.) lead to new transportation policies that restrain or even reduce mobility and thercby res-
train energy use and emissions from transportation? These are the challenges of "sustainable transportation '

If sustainable development means increasmg the wealth of present day generations without making
future generations worse off, then a2 defimnion of sustamable transportation could be

providing transpertation services as long as those using the system pay the full social costs of
their access, without leaving unpaid costs for others (including future generations) to bear.
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Accepting this definition forces us to design a systemn so that those who denve pnivate benefits from
using the transportation system pay for the public costs that they mncur Transportaton has a special feature
however, two vehicles cannot occupy the same space at the same time The space/iime component of tran-
sportation requires that we develop a system to allocate thesc two resources when they are scarce, but such a
system must not entirely shut out disadvantaged groups Some combination of road pncing, mngher tucl
prices, voluntarism, or other schemes must somehow reduce use of the infrastructure at pcak times In the
longer term, "planmng” of how urban space is used to reduce the propensity 1o travel could reduce the growth
rate m overall transportation demand Our studies will address this 1ssue m the coming years However, mnicr-
nalizing present marginal social costs of transportation still does not mnsure that the miterests of future genera-
tions are considered, an important element of "sustamability” by almost any medsure

What would the transportation system look like if the costs and rules werc adjusted to make 1ts devclop-
ment sustamnable? How much would people or goods move 1f prices and rules were adjusted through the polit-
ical process t0 take mnto account the unatoned "sins” of transportation? In order to understand how trave,-
related fuel use and associated emissions could change between 1990 and 2025, we will build scenanos of
future travel behavior and associated energy use for the United States and for other major industrialized coun-
tries. These scenanos will employ features of the techmical, social and economic aeterminants ot travel we
have studied 10 our work.
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Table I. Comparison of Test and Actual Fuel Economy
Various Countries (1/100 ki)

Country Year Test Actual  Ave Gap ' Gup Cearunte nes
of Cf
Canada® 1588 80 100 20 20 Actual fuel ctiicieney trom driver survavs
trom taboraton test
Individual
carmodels® 1985 86 07 21 106
France® 1988 65 84 by 23 Travel diaries compared o 173 civ /3 b
/3 road st vaiues
Germany 1987 77 ¢ 8 21 24 DIN et v DIW tacwals
Sweden® 1987 82 83 013 3 S ROV compaiad with consunar 1 portod ~sune
tlata
usf 1985
Cars 97 19 22 83 RTECS sumvey s LPY Heot avcre o
Trucks 116 145 19 20 dynamometer st
UKE 1989 72 93 21 226 Test value tor regsstraton-werehicd ave g
Sources

a Stausucs Canadz 1990
b SOM, Inc 1988, Energy Mines and Resources '992
¢ Bosseboeuf 1988
d DIW 1987
e KOV 1987
f Miniz et al 1993
g Sorreil 1992
For compilatuon and analysis, see Schipper and [ax 1494,

New Car Test and Actual Fuel Economy Yet Another Cun



. Table 2. Long Range Urban Transportation Policy Options
for Reducing Fuel Consumption

Policy Type Elicet oa Fuel Consumpuion

Rail Transit System EXtension S00-1000 Fewer Gallons/day/mide of tixed rail

Raul Transit I 00449 reductionin et use from extensive subsidy
Access Service ol 1) stton-arca on-cdll services, 2 emplover sutthes

Tracuvity center shuttles

Bus Transit 0 2-0 6% reductson ui car tuet use tor a doubhing of
Heaaway cabsune bus freguencies (subject o thresnnold load facten
Fuci Price 20-25% radaction g tuel use tor the irst Sgalion 1990

mereasein tuck poce 10-15% reducuon for the sceomd ST as

Employee Parking 2-3 fuel use reducuon trom S3/day cimploye
Pricing parhing floot
Congesuon Pricing 5-8% reduction in fuel sue from chiminauon ol

atl recurnng doas

Pedesinan-Onented (1 (=-0 08% reducuon i total regional fucl use

Development lor cach 117 ol new residenual desclopment i PODS

Increased Density 0 2- 14 rcducuion ool regional fuel use

Near Transit lorcach e of new res development ir higher density conditions

Source: Deakin, E. and Harvey, G 1994 Califorma [ransportaion Energy Anaivses Report  {echnual Appendice s
Sacramento, CA California Energy Commussion  Table shown s Table 4 4, p 44 {rom mam report ~see aba Table 20\
1310 Appendix 2
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OECD Per Capita Travel 1970-1992
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Automobile Fuel Intensities
On Road (Actual) Fieet Averages
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Fer Capita Energy Use by Automobiles
Comparison of U.S. and Europe* in 1990
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Automobile Use in OECD Countries
Average Trip Length
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Source LBL Analysis of National Travel Surveys
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Yeari‘{_ Household Driving in the U.S.

ocation, Income, Demography
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Daily Auto Travel and Residential Density
San Francisco Bay Region, 19291
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Income and Daily Car Travei Per Person
San Francisco Bay Region, 1991
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Sweden: New Cars by Power and Weight
Effects of Company Cars
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Mobility In the US 1969-1990
Sex, Age, and Driving
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Environmental Impacts of Alternative Fuels

CC2 emissions relative to gasoline
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Attributes of Alternative Fuels
Relative To Gasoline
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