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We've previously dubbed this the century of the automo-
bhile, and to some degree it has been. It's also been the
century of the telephone, the airplane, the movies, the
radio, the high-rise office building, and a lot of other won-
ders. But among the technologies that have marked these
100 years, the automobile has surely been one of the most
visible and most consequential.

Many commentators have written of the car’s glories,
its nasty byproducts, and its effects on cities and lifestyles.
Cuite a few of our colleagues have joined the discussion,
both in the pages of Access and elsewhere. This time, we
find ourselves preoccupied with the car once again—its
past repercussions and its future,

With so much research on the car and the city already
completed, we thought we understood the transporta-
tion-land use connection. Years ago Sam Bass Warner
taught us that streetcars opened the suburbs and auto-
mobiles spread them out. Back in 1954 Robert Mitchell
and Chester Rapkin wrote the book that spilled the beans,
titling it Urban Traffic: a Function of Land Use. Travel pat-
terns derive from land use patterns; simultaneously, land
use derives from patterns of roads and transit lines, they
said. Hmmmm? During the 1960s, location theorists
explained how each of us trades-off the costs of travel and
the costs of land rent when deciding where to live and
where to conduct business. The explanations all came in
tidy packages.

Now along comes Genevieve Giuliano and her part-
ners to disassemble those packages. She says that we've
now installed so much accessibility throughout each met-
ropolitan area that changes in the transporfation system
no longer have much influence on urban form. That's in
part why the new rail transit systems have scarcely affect-
ed metropolitan spatial structure, quite unlike Warner's
trolley cars. She tells us to address our environmental and
social concerns directly, rather than attempl to use trans-
portation or land use policies to achieve some idealized
urban form.

For instance, if we want cleaner air, we should direct-
Iy reduce harmful emissions from automobiles. Dan
Sperling and Tom Turrentine ask us to consider what
might happen if the California zero-emission mandate
holds up and American automakers begin to produce
electric cars. Will they really come through with a viable
machine? Will the federal government reinforce state
efforts to push zerc-emission vehicles? Even if so, given
that electric cars will be high priced and their driving
ranges limited, will American consumers buy them,
after all?

We could also achieve cleaner air, not to mention
relieve congestion, by reducing the number of cars on the
road. One current strategy involves high-occupancy-
vehicle (HOV) lanes, which reward commuters who
rideshare with a faster trip. Joy Dahlgren examines the
effectiveness of HOV lanes and finds them wanting. In her
most telling observation, she notes that HOV lanes are
most attractive only if they're relatively empty. She con-
cludes that, in most cases, the space they occupy would
best be used for additional general-purpose lanes instead.

And then, with his eye characteristically fixed on
the empirical data, Charles Lave asks whether there’s still
room for growth in the automobile market. With apparent
distress for the macro-economic consequences of a stable
or declining auto industry, he glumly predicts a flat
growth curve,

If all these non-commonsense interpretations are
right, isn't it best that we know now, before we spend too
many additional dollars on projects with little or no pay-
off? Isn't it so that, in the research enterprise, unexpect-
ed findings are sometimes the most valuable and most
useful ones?

Lydia Chen
Editor
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The %akem'ng
ﬂansportation—Lamf Use

Connection

BY GENEVIEVE GIULIANO

The precise rcr’ﬂi!fansiﬁp between transportation and land use continues to elude us.

It seems se.'f;‘:euicfenf that transportation facifiﬁcs and services have enormous ej_%rts on
land use patterns. We've all observed a’euefopments occur around ﬁ'eeway r'nfen:.fmngcs.
and we all know the ;ristcry .:-f automobile-oriented suburban :fe::efapment. However,
when we look .!":eyarmj broad genem:’r’zaﬁm:s, we see fnr more .:ampfa.\' and uncertain
mfaﬁmrsl{rfps, as well as a cluster af unsubstantiated gw.lifefs.

A farge I:aary of ﬁ)ﬂﬂﬂ! i‘}reury contends that the basic fadar una’er}rying these
m-‘faﬁansfzfps 18 accessl‘f:ifffy—f.lm ease of connection between pfaccs- As contact between
two pfaces becomes cﬁmaper in time and money, m.'cassffﬂffity increases. The propensity
j;:)r peapfe to interact with others at a distance increases as the cost af access decreases.

Urban theory tells us that people locate their houses and their workplaces by
fradring aﬁr J’musfng and commute costs. Commuters choose residential locations that
sah'sfy both housing needs and wnrfepr’nc'e access, and ernpfoyc-rs choose work sites

that are accessible to empfr.:yees at tolerable time and dollar costs. >

Genevivee Ginliane in associate professar of wrban and -uplam-'l-'l r!l'-:unrn:r at the

Uniceraity of Sauthern Califarnia, Los Angales, CA QOCBR-0042
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TABLE 1

Studies of Commuting as o Test of the Standard Model of Residential Location

(Untonstrained ond Constroined Model Results)

AUTHOR

White (1988)

Homilton (1989)

Cropper & Gordon (1991)

Givliona & Smoll (1993)

Source: Giulians and Small, 1993

CONSTRAINT PREDICTED ACTUAL PERCENT
COMMUTE COMMUTE EXCESS
25 US metro areos None 20.0 min 22.5 min 1.1
Boston metro areo None 4.87 milles 9,11 miles 471
Balti [ N 4.39 mil
Qifimare meiro orag ang mites {EI'M'IE{S} -'| n? milgs 45?..*4
3.65 miles {renters)
Housing Urility 5.04 miles {ownars)
: =10.2 miles ~51-59
4.17 miles {renters)
Los Angeles metra aren None §.42 min 23.0 min. 634
Dceupation 10.27 min 23.0 min. 55.3

The simplest version of the standard
urban economic theory assumes that:
« All employment is fixed and located at

the city center;

= All households have only one worker,
and each considers only work travel;

» Housing depends on available capital
and land, and therefore location and lot
size are the distinguishing factors; and

« Unit transportation cost includes both
time and monetary costs, and it is con-
stant and uniform in all directions.

This residential-location theory pre-
dicts a city form with greatest population
density and highest land value at the cen-
ter (even though we know thal many sub-
centers may surround the metropolitan
center), Since the theory assumes that
jobs are located at the major center, it
predicts that average commute trip
length will correspond to the mean dis-
tance of the total population from that
center.

Several recent studies have tested

these propositions empirically, Table 1

gives some results. Note that, with one
exception, observed average commute
distance, whether measured in minutes
or miles, far exceeds the model’s predic-
tion. Why do people have much longer com-

mitites than the standard theory predicis?

Is It Jobs-Housing Balance?

First, there may be imbalances or
mismatches between workers and jobs.
Imbalances accur when the number of
workers who can be housed in an area
differs from the number of jobs there.
Mismatches occur when prices or other
characteristics make housing in the
area unsuitable for workers who hold
jobs there,

Kenneth Small and | examined the
effect of the jobs-housing balance on aver-
age commute distance. We found that
only extreme imbalance has a noticeable
effect on average commute length
because the difference between the
observed commute and the predicted

commute diminishes as the average



distance between workers and jobs
increases. In other words, there is more
*excess” commuting close to the city cen-
ter, where jobs and housing are balanced,
than farther away, where they are not.

What about mismatches? Re-
searchers have cited exclusionary zoning
practices, growth controls, rising devel-
opment costs, and rapid economic growth
to explain a shrinking supply of affordable
housing in many metropolitan areas. If
affordable housing were available near
their jobs, the theory goes, these workers
would have shorter commutes. We can
test this idea by incorporating housing
and household characteristics into our
model’'s predictions,

Two studies applied such con-
straints: Cropper and Gordon’s Baltimore
study used housing characteristics as the
constraint, and our Los Angeles study
used worker occupation as the constraint.
The shaded portions of Table 1 show the
strikingly similar results. The predicted
average commute increases by about 20
percent in both cases, but it leaves a large
portion of actual commuting still unex-
plained. 1 conclude that imbalances or
mismatches between jobs and workers do
not account for a substantial part of
observed commuting patterns.

Is it Low Transportation Costs?

Second, observed average commutes
may be longer than predicted because
transportation costs are low relative to
housing costs. Over time, the real cost of
commuting has dropped dramatically.
Turn-of-the-century streetcar commuters
spent about 20 percent of their daily wages
on the work trip; urban auto commuters
today spend about 7 percent. It therefore
seems reasonable that workers would
incur longer commutes in order to obtain
more preferred housing and neighbor-
hood surroundings.

Changing Lifestyles

A survey conducted in Orange
County, California, illustrates the chang-
ing factors affecting where people choose
to live. In February 1994, the metropolitan
newspaper sponsored a random tele-
phone survey of 600 residents to examine
attitudes about living in several planned
communities at the southeast edge of the
county. Known as the Southern Foothills,
the area is surrounded on the east by a
national forest and on the south by a large
military installation. Only two major roads
connect this “urban fringe” with the rest
of the county.

One of the questions asked was,
*what do you like best about your com-
munity?” Table 2 shows that the most
frequent choice was “remote area.” The
residents enjoy living far from the metro-
politan core. Convenience, the only mea-
sure of accessibility on the list, ranks
sixnth. Affordable housing is at the bottom
of the list, although the survey included
respondents from moderately priced
housing in the area, as well as from a vari-
ety of housing developments,

The survey also provides evidence of
what these residents are willing to give up
in order to live in a remote, semi-rural
environment. Table 3 shows that
Southern Foothills community residents
display greater satisfaction with outdoor
amenities, housing, and public schools
than do Orange County residents as a
whole, They display less satisfaction with
entertainment, shopping, and job oppor-
tunities, suggesting they are willing to
give up access to jobs and other urban
activities to obtain preferred housing =

TABLE 2

Whet Do You Like Best About Living in Your
Community? Southern Foothills Residents

Remobe Oren........cccovoevrevesiiensiens 13
Hew homes. .....oovcnrencrsnirene 21
Heighbors..........coooiccosieniansiionac 1T
DUIdOOTS ..o 14
Safe From crime ..o 10
Convenienl.........cocevremrcrmsnrensnnnns 4
Things to do ... -
Sehwoleommnaninnnninianl
Prestige oddress........ooocoveninnnns |
| Aftordable housing...............ccc.. 1
Nathing, don’t know............cerned

Source: Lot Angales Times, 1994

TABLE 3

Satisfaction with Amenities:

Southern Foothills vs Orange County
(percent saying they ara very satisfied)

AMENITY

Outdoors, parks . .. ..
Housing . ..........
Public schools . . . ..

Maovies, restourants,
enterfainment .. . ..

Shopping malls

ond stores .........

Troffic
ond tronsportation . ..

Job oppartunities . . _ ..

SOUTHERN
FODTHILLS

: 1 IR

Y ¥ E—
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e v AR

R gy = i
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Source: Los Angeles Times, 1974
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and neighborhood amenities. Limited accessibility is also reflected in average commute
length: 36 minutes for Southern Foothills residents compared to the countywide aver-
age of 25 minutes.

This evidence indicates that commuting considerations play a limited role in resi-
dential-location choices for these folks, It suggests that attempts to alter the structure
of urban land use patterns via policy intervention may not have much effect on com-
muting patterns, even if they are successful in changing the degree of jobs-housing
balance or in reducing mismatches.

Transportation Investments' Effect on Land Use

If transport costs do play an important role in location choice, then transportation
improvements should influence land use patterns. Any significant improvement in acces-
sibility should be capitalized in land values, which should spur shifts in land use, That's
why planners advocate investment in transportation facilities as a means to direct urban
developmenl.

However, today’s metropolitan areas are marked by well-developed transportation
systems. Even a large investment (such as a new freeway segment) will have only an
incremental effect on accessibility. For example, the 52 billion, 17-mile Century Freeway
(I-105) in Los Angeles, which opened in 1993, serves only 0.6 percent of the region's total
daily vehicle trips, based on 1994 average daily traffic volumes. Moreover, the decen-
tralized land use pattern of today’s metropolitan areas has reduced differences in acces-
sibility among locations.

Despite what | consider rather overwhelming evidence that transit investment is
not an efficient means for affecting land use patterns, rail transit continues to have strong
public support. The most extreme example of a public commitment is perhaps Los
Angeles County’s. Traffic congestion and air pollution problems there have prompted a
transportation vision involving a $78.3 billion rail-transit investment plan (currently being



scaled back because of funding problems). Planners expect this massive program lo
increase the proportion of commuters who use transit from 4.5 percent to 19 percent by
the year 2010. They also expect to generate high-density and mixed-use development
along transit lines and to reduce the spread of suburban development in outlying areas.

To test whether their expectations were reasonable, the regional planning agency
sponsored a study using a transportation forecasting model to determine the effect of
various land use scenarios on transit use, Results show that by relocating 75 percent of
all forecast employment growth and 65 percent of population growth in the region (Los
Angeles and four other counties ) to transit-station capture areas and local activity cen-
ters, 7 to 10 percent of commuters would use transit—much below the goal of 19 per-
cent. Study authors conclude that even if anticipated land use changes were to occur,
travel patterns would not change very much, because the overall regional pattern of land
wse would not change very much.

The Oregon Example

A study in Washington County, Oregon—a suburban area west of central Portland—
also finds that both land use policies and major transit investments have little effect on
regional travel patterns. Regional forecasts to 2010 predict a 60 percent population
increase (from its 1988 level of 287,000) and a 70 percent increase in the number of jobs.
To accommodate this anticipated growth, the Oregon Department of Transportation
planned a freeway extension called the Western Bypass.

Community activists persuaded the transportation department to sponsor a study
called LUTRAQ (Land Use Transportation Air Quality Connection), which proposes devel-
opment of higher-density, mixed-use communities oriented to pedestrian and transit
travel. To serve the more clustered land use pattern, the LUTRAQ alternative employs an
expanded light-rail system, expanded local and express bus services, transit shuttle
service, and bicycle and pedestrian facilities. It also eliminates the Bypass highway
improvements.

A second alternative, LUTRAG-I, promotes further transit use by incorporating an
additional transportation-demand-management (TDM) element. All workers in the study
area would enjoy free transit; but if they drove to work they would pay a parking charge
equivalent to one-third of prevailing fees in downtown Portland,

Tahble 4 shows that the Bypass and LUTRAGH alternatives would have similar transit
mode shares. With the LUTRAG-NI alternative, the transit and carpool mode shares for
home-based work trips would each be 45 percent higher than with the Bypass alterna-
tive, Changes in the transit mode share are minor in other categories.

Another objective of LUTRAQ is to reduce vehicular travel. The last column in Table
5 compares the LUTRAQ- and Bypass alternatives. With LUTRAG-IL, vehicle use would be
reduced 7.7 percent for afternoon peak vehicle hours of travel and 13.6 percent for
vehicle miles traveled. Note also the increase in vehicle hours of delay for the LUTRAQ
alternative, an expected result of reducing investments in road facilities. =

NUMBER & SPRING 1993




TABLE 4

Travel Oulcomes of LUTRAQ Study: Mode Share

Source: Combeidge Syalematic, Ing., 1992,
and data provided by ParsonsBrinkerhoff

BYPASS LUTRAQ-I LUTRAQ-II
MODE SHARE MODE SHARE MODE SHARE

[percent) (percent) {percent)

Home-bosed work:

Walk 2.5 3.5 3.5
Drive olone 75.1 127 63.9
Carpoal 13.6 13.8 19.7
Transit B.8 10.0 12.8
Total home-bosed:
Walk 49 5.7 57
Auto B5.4 84.2 B34
Transit 9.7 10.2 10.9
Total non-home bosed:
Walk 0.3 0.5 0.5
Aufo 99.0 98.8 96.8
Transit 0.7 0.8 0.8
Total all trips:
Walk iz 4.5 4.5
Auta 89.0 B7.6 B7.0
Transit 1.3 g.0 8.6

What can we conclude from these results? Land use policies appear to have little
impact on travel outcomes; most of the observed change is due to the TDM policies,
rather than to the land use and transit policies. Without TDM, travel impacts of the LUTRAQ
alternative are minor.

Although changes in travel outcomes are small, the magnitude of change in land-
use patterns for the LUTRAQ alternative is large. It seems development density must
increase dramatically if we want to induce significant change in mode shares and trip
lengths. That implies more stringent land use controls than have historically been pos-
sible in the United States.

Can Transportation Policy Shape Urban Form?

Regional scientists and others predict continued decentralization and reliance on
personal modes of transportation. Increasing affluence of the population and structural
economic shifis to information-based activities will engender decentralization. Rising
incomes will generate demand for more housing (at lower densities) and will increase
the value of one's time (with more demand for private vehicles). We expect structural
shifts in the economy to be accompanied by more flexible work arrangements and less
clustering among firms, implying more spatial dispersion. We expect more leisure activ-
ities and an increased emphasis on environmental quality in choosing household's and
firm's locations, again suggesting more decentralization,

Thus, scholars view transportation as an ineffective means for shaping urban form
for three reasons:

» The transportation system in most U.S. metropolitan areas is highly developed, and

therefore the relative impact of even major investments will be minor.



« The built environment has a very long life; most structures survive 50 years or more.
Even in rapidly growing metropolitan areas, the vast proportion of buildings that will
exist 10 or 20 years from now are already built.

» Transportation is of declining importance in the locational decisions of households
and firms. Transport costs make up a relatively small proportion of household
expenditures, and increasingly flexible work arrangements (including telecommuing)
are likely to make access to workplaces even less important in the future,
Information-based firms are “footloose,” meaning that physical access is no longer a
kev lacational consideration; and these firms make up an increasingly large share of
total economic activity.

Given these trends, transportation policy efforts would have to be truly extreme to
have a significant impact on urban form.

Getting the Prices Right

Transportation's declining influence on locational choices reflects the way trans-
portation services are priced. The price of private vehicle travel in the United States is
very low, Private vehicle users do not pay directly for the pollution they generate or the
congestion they impose on other travelers. Police and other emergency services, main-
tenance of local roads, and many other parts of the transportation system are supported
indirectly by property and other taxes. Gasoline taxes, vehicle-registration fees, drivers
license fees, and automobile taxes are lower here than anywhere in the developed world.
Parking is offered free to most workers and shoppers, Given the extent of subsidies to
private vehicle use, we should not be surprised that other forms of transportation can-
not compete, and that people take advantage of the many personal benefits of private
autc-mobility.

We should not be surprised that efforts to shift travel to other modes, either by pro-
moting higher-density land use patterns or building massive rail systems, are doomed
to fail if current automobile pricing policies are maintained. In Los Angeles, for exam-
ple, it costs a lot to use rail transit as a lure to get commuters out of their cars. According
to the transit operating agency's data, full cost (capital plus operating) per passenger is
$1.17 for bus: $11.34 for the Blue Line, a light-rail system operating between the down-
towns of Los Angeles and Long Beach; and 52102 for MetroLink, the commuter rail
service. Budget shortfalls, partly resulting from the high subsidy cost of rail system
expansion, have been met by reducing bus service; ironically thus reducing total

transit riding. =

LUTRAG 1l DIFFERENCE

{percent)

Average outos/household 1.90 1.83 -3.7
Total daily vehicle trips/household 1.68 7.09 -8.1
PM peak vehicle miles traveled 679,390 586,660 -13.6
PM peak vehicle hours troveled 19,920 18,380 -1.1
PM peak vehicle hours of delay 1,670 1,950 16.8

These old city buildings remain

viable todoy

just o3 these suburbon houses are likely to

surviva 100 years from now. Stability of
tha built environmant limits how much urban

form can change

TABLE §

Travel Outcomes of LUTRAQ Study: Vehicle Use

Source: Combridge Syvlematica, inc., 1992, ond
data proeded by Paswony Beinkarkelf
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TABLE &

Commuting Distonce ond Population Density

Source: Diovens, 1952

POPUOLATION DERSITY

VERY LOW LOW MEDIUM HIGH

Average exurban residents/sq. mile G 2800 4363 9075

| Percent increase from lowest density cose ~~ — 26 W 924
Average commute in miles, oll workers 13.02 12.57 9.49 5.38

| Percent decrease from lowest density cose ~~ — ~3.45 -7 219
Average commute in miles, exurban workers 16,44 15.11 14.09 1356
 Percent decrense from lowes! density cose ~~ — -8.09 T LB

Because land use development involves many factors besides transit investment,
such as local land use policies, general economic climate, land availability, and local pref-
erences for economic development, we must recognize the limited potential of trans-

portation policies to affect land use, even if we were to “get the prices right.”

Alming for Efficlency

Why should we attempt to guide land use patterns anyway? There are at least two
possible rationales. The first holds that existing land use patterns are inefficient:
low-density suburbs necessitate long trips and reliance on private autos, thus wasting
energy, generating air pollution, requiring more public infrastructure, and consuming
open space, This is the familiar anti-urban-spraw] argument. Newman and Kenworthy
make a distinction between fuel-efficient transportation and fuel-efficient cities. They
argue that while investing in highway facilities can make travel more efficient by reduc-
ing congestion, the added highway capacity will ultimately lead to more travel and thus
more total energy consumption. They therefore advocate the promotion of “compact
cities”: high-density, pedestrian- and transit-oriented cities.

Anthony Downs calculated changes in commuting distance resulting from changes
in residential density. He assumed that densities can be increased only for new devel-
opment because urban redevelopment is costly, has a limited market, and is typically
opposed by residents. Table 6 shows some results. Average densities increase much
faster than average trip lengths decrease, meaning that very large increases in density
are required to realize significant travel savings. Interestingly, the greatest percentage
reduction in trip length occurs when moving from low to medium density, while going
from medium to high density vields only a small additional reduction.

Downs's calculations, together with the results of the Los Angeles and Oregon plan-
ning studies, suggest that the compact city alternative would have al best a moderate
effect on travel. A seemingly more effective strategy for reducing travel would promote
moderate densities. If we were to restructure our transportation pricing policy, we might
realize this objective.

Alming for Social Equity

A second rationale for attempting to change land use and transportation patterns is
to increase social equity. Peter Mieskowski and Ed Mills describe two contrasting the-
ories of suburbanization. The first, called the “natural evolution theory,” explains sub-



urbanization basically as the result of economic forces, City expansion occurs in con-
junction with rising incomes. Thus, we find older, smaller housing near the city center
and larger, newer housing at the periphery. If this theory holds, there is little justifica-
tion for attempting to change land use patterns: low-density, suburban environments are
simply the result of household preferences associated with rising incomes.

The second theory explains suburbanization as the result of the affluent population
escaping the fiscal and social problems of central cities. Higher-income households, able
to pay the higher transportation costs involved, move to the suburbs to form homoge-
neous communities that are fiscally independent of the central city. Once they establish
such communities, they can exercise land use controls to exclude households with dif-
ferent housing needs or preferences. This process results in spatial segmentation of the
population on the basis of income, ethnicity, and race; people most in need of public ser-
vices concentrate in the central city; and the central-city tax base declines,

If the second theory holds, intervention is justified because suburban residents are
actively preventing a spontaneous mixing of population, thus denying less affluent and
minority populations access to suburban jobs and suburban amenities, Evidence of exclu-
sionary land use practices is extensive, and consequently policies to end such practices
are surely worthwhile. 1 therefore propose that land use policy should focus on elimi-
nating distortions in the land market. We should aim to eliminate barriers to more diverse
land use patterns. Essentially, this is the complement of *getting the prices right” in trans-
portation policy.

The roots of our transportation and land use policy dilemmas lie in the absence of
consensus on which environmental and social conditions are truly problematic. In turn,
they reflect our confusion about how changes in either transportation systems or land
use policies might work to ameliorate those environmental and social problems,

1f the aim is to reduce environmental damage generated by automobiles, the effec-
tive remedy is to directly price and regulate autos and their use, not land use, If the aim
is to reduce metropolitan spatial segmentation, the effective remedy is to expand the
range of housing and employment choices, not travel choice. As urban areas continue to
evolve, the link between land use and transportation will likely continue to weaken,
Thus only direct policy interventions can solve the social and environmental problems
associated with existing travel and land use patterns. »

Danver, CO, 1874
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Over the past five years, electric vehicles

Bringing
EleCtri C C arS engines (ICEs). A wave of technological
to M arket innovations in electronics, lightweight

materials, and electrochemistry, and a

(EVs) have emerged as promising alterna-

tives to cars driven by internal combustion

variety of energy-saving improvements

have made the imminent commercializa-

BY DANIEL SPERLING

tion of EVs possible. These include not only
battery-powered cars, whose ultimate role
may be modest, but also vehicles powered
by electric fuel cells or by hybridized combi-
nations of ICEs and electric motors.

EVs are particularly suited to countries
where pollution is severe, petroleum
imports are spiraling upward, cheap
electricity is available in off-peak hours,
or vehicle acceleration and range is sec-
ondary to reliability and low maintenance.
Whoever pioneers large-scale production
of low-cost electric-drive vehicles will
find inviting and profitable markets

around the world.

Dawniel Sperling is professer of civil sngincering and enelironmental stwdice and divactor af the Taatitute of Tranaportation Studias

Uaiversity of Califormia, Davie, CA Q56108 Thiv exsay s adapted with permizaian from iz article *Gearing | o Yo Blactte Cars® In

lssues v Science and Technology, Winter 1004.05, and from his bosk Future Drive flaland Pr




In response to these opportunities, the Clinton administration has pointed to the EV
as one of 22 critical technologies for the nation's economic revitalization. Battelle
Technology Management Group, a private consulting firm, listed fuel cells, batteries, and
hybrid vehicles as three of the ten hottest technologies for 2005. Because their principal
advantages—improved air quality, reduced emissions of greenhouse gases, and energy
savings—initally will be outside the marketplace, only strong government action can give
EV technologies a chance in the near term. But public policy must be formulated care-
fully so that it is flexible enough to permit midcourse corrections and to let the market,
rather than government, pick the winners.

A COMPELLING ALTERMNATIVE

Policymakers have long debated the environmental and economic effects of air pol-
lution, global warming, and dependence on foreign oil. Although there is no consensus,
it is clear that each of these problems carries some potentially serious risks. Electric-
drive vehicles are the most promising option for significantly reducing all three.

A compelling feature of electric-drive vehicles are their low or nonexistent emissions
and hence their air quality benefits, These benefits will be greatest in regions where air
pollution remains severe, where fuel cells are used, or where the electricity comes from
largely clean sources—tightly controlled natural gas electric-power plants or zero-emit-
ting hydroelectric and nuclear plants.

Electric-drive vehicles are also more energy-efficient {on a full-energy-cycle basis)
than conventional automobiles. Conversion of chemical energy into mechanical
energy—hy burning fuel—is simply less efficient than using electricity. Electric motors
are about 90 percent efficient, compared to less than 25 percent for ICEs. In addition, an
EV can recapture as much as half the energy lost during braking (through regenerative
braking); it does not need a transmission, which reduces energy use by another 6 per-
cent or so; and it does not consume energy while idling and coasting, saving still anoth-
er 10 percent. These efficiency gains are partly offset by the low efficiencies of electric-
power plants. Oil refineries are about 90 percent efficient, compared to efficiencies of
about 33 percent achieved by today’s electric power plants fired with oil, natural gas, and
coal. But oil refineries are not expected to become more efficient, whereas power plants’
efficiency rates are expected to rise by as much as 50 percent.

During the past few years, considerable progress has been made with electric-drive
technologies with relatively little expenditure. Total investment in EVs and EV batteries
by all U.S. manufacturers and governments in the first four years of this decade proba-
bly fell short of a billion dollars. Ford and General Motors reported spending a total of
4450 million during the first few years of the decade. (For perspective, consider that the
U.S. auto industry generated more than 514 billion in profits in 1994 alone, that GM
spent 56 billion to develop their Saturn model, and that the oil industry is spending about
510 billion this decade to produce reformulated gasoline.) Achieving the refinements
necessary for commercializing EV technologies will, in auto industry terms, require mod-
est investments in research and development. The more daunting barrier is market uncer-
tainty and risk, which can be reduced only by firm federal and state commitments to the
development and use of EV technology. =
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THE ZEV MANDATE

The zero-emission-vehicle (ZEV) mandate issued by the California Air Resources
Board in 1990 (and later adopted by New York and Massachusetis) has spurred more
progress in electric propulsion technology than was accomplished during the previous
20 years by the automobile industry and the Department of Energy combined. Mostly
because of the mandate, every major automaker in the world, as well as hundreds of tech-
nology companies, have invested in EV development; and dozens of companies have
sprouted to develop batteries, ultracapacitors, flywheels, and fuel cells.

The mandate requires that by 1998, at least 2 percent of vehicles sold in California
by major automakers must have zero emissions; the requirement will rise to 5 percent
in 2001 and 10 percent in 2003. Major automakers are defined as those with sales of 35,000
vehicles or more per vear in California. They are, in descending order, General Motors,
Ford, Toyota, Chrysler, Honda, Nissan, and Mazda, In 2003, the mandate will be expand-
ed to include manufacturers with as few as 3,000 vehicle sales per vear. Companies will
be fined $5,000 per car for the number of sales by which they fall below the quota.

The mandate also permits manufacturers to trade EV credits. That is, a company
can satisfy the mandate's requirements by buying credits from other companies that have
sold more than their quota of ZEVs. This provision is important because it gives main-
stream manufacturers the flexibility to buy credits rather than build ZEVs, while pro-
viding cash for industry outsiders, such as small and nontraditional manufacturers of EVs
whose ZEV quota is zero.

PARTHNERSHIP WITH THE GOVERNMENT

The ZEV mandate will spur the transition to electric-drive vehicles despite a caution
that borders on ambivalence within the Clinton administration. Although the auto indus-
try and the administration have launched several high-profile initiatives favoring envi-
ronmentally benign vehicles, these are providing little funding and making little progress.

Perhaps the most widely publicized initiative is the Partnership for a New Generation
of Vehicles (PNGV), formed in 1993, lts stated purpose is to build a prototype midsize
sedan that triples the fuel economy of today’s cars by 2004. Portrayed as a modern coun-
terpart to the Apollo moon program and initially known as the Clean Car Initiative by gov-
ernment and the Supercar Initiative by the automotive industry, PNGV is a public-private
partnership. It is intended to aceelerate development of electric propulsion, lightweight
materials, and advanced manufacturing processes.

The government devised the program in part to transfer some of the technological
resources developed during the Cold War to the civilian sector, The plans provide virtu-
ally no new funding; instead, the government will divert personnel and resources at the
national laboratories, especially the weapons labs, to work with the Big Three auto com-
panies and their suppliers to develop advanced transportation technologies. In theory,
everyone benefits, The labs would have a renewed mission; thousands of highly trained
scientists and engineers would be productively employed; and automakers would receive
a much-needed infusion of technical know-how.

However, the PNGV initiative has a fundamental weakness: there are no built-in
incentives (or rules) to encourage commercialization of the technologies developed. The
initiative contains timetables for creating concept prototypes (2000) and production
prototypes (2004) but none for actually manufacturing and marketing EVs.



The absence of incentives and regulations undermines the credibility of the PNGV
initiative. If one could elicit a promise from auto manufacturers to swiftly transfer labo-
ratory knowledge to the marketplace, perhaps regulatory pressure would be unneces-
sarv. But such promises might not be honored. We know that automakers resisted
adopting safety and environmental features, from airbags to catalytic converters, until
government action required them. Once deadlines were set, however, industry found
ways to adopt these technologies cheaply and effectively.

EXTEMDING THE MANDATE

The ZEV mandate is not, theoretically, the most efficient mechanism for initating
the transition to more benign propulsion technologies, but it may be the most political-
Iy palatable and the most effective at overcoming large start-up barriers.

On the basis of many discussions with auto industry executives, | sense that oppo-
sition to the mandate goes far beyond quarterly profit statements, Commercialization of
EVs may spell major structural changes within individual automobile companies and in
the industry as a whole, Electric-propulsion technology requires a fundamental shift in
many aspects of car manufacturing. More than one-third of an EV's value will be com-
posed of entirely new components. Another one-third of the components will need to be
redesigned. Manufacturers will have to adopt new materials, new manufacturing process-
es, and new marketing and distribution practices, and collaborate with unfamiliar com-
panies. For example, the use of lightweight composite materials in EVs will raise the vehi-
cles’ efficiency, But, because manufacturing with these materials, unlike steel and alu-
minum, offers fewer economies of scale, they are suited to small-scale decentralized
assembly rather than mass production on the level usually found in Detroit.

Similarly, a company’s success in marketing EVs may require new ways to sell and
service them. Vehicles may be more specialized, giving consumers incentives to trade
vehicles more frequently. More consumers might lease vehicles rather than own them,
with marketers bearing responsibility for insuring and maintaining them. The high reli-
ability of EVs, compared to gasoline-fueled cars, enhance the attractiveness of such
arrangements.

The ZEV mandate is proving a blunt but effective instrument for overcoming
market uncertainty, contrary corporate cultures, and technological barriers. Although
there is considerable political pressure to weaken or revise it, and although it will initially
impose substantial costs on automakers, to tinker with it at this time would be costly to
the many companies making substantial investments based on the mandate’s terms.
Any indication that it might be changed or abandoned would freeze investments in
hundreds of companies, especially in small companies dependent on outside financing,
Given the large risk faced by automakers, perhaps the most sensible strategy might be
to encourage other states to lag one or more years behind California, allowing California
to be the experiment.

ACCELERATING EV RESEARCH

The federal govenment plays a critical role in developing advanced vehicles. A
research partnership between government and industry could accelerate investment in
advanced EV technologies and speed the transition to an environmentally benign =
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transportation system. The PNGV initiative offers a framework for this kind of research,
despite its reliance on the national laboratories and the Big Three.

The weapons labs have a store of potentially valuable knowledge and technology—
in particular, expertise in basic science relevant to electric propulsion and energy stor-
age. However, the labs are not oriented to products destined for the marketplace, The
principal need over the next 10 to 15 years is nol new science or new technology but
cheap technology. That is primarily a challenge of engineering and manufacturing, not
basic science.

Relying on the major automakers may brake rather than accelerate progress.
Certainly they need to be intimately involved in any federally led research partnership,
but not necessarily as the dominant players. They are best suited to directing the research
agenda for incremental technologies—refining some materials and manufacturing
processes—especially because they and their suppliers are likely to be the principal users
of these technologies. However, their history of resisting innovations in energy conser-
vation, environmental protection, and safety suggests that they may not be enthusiastic
developers of new propulsion technologies whose principal benefits are a cleaner envi-
ronment and reduced energy-use.

If the government were o seek out and forge closer links with companies whose
expertise, investments, and corporate culture are not tied to ICE technology, the entire
process would undoubtedly be accelerated. For example, a broader array of companies
should be encouraged to participate in the cooperative research and development agree-
ments (CRADAs) used to transfer technology from the national labs. CRADAs give a
company exclusive rights for five years (o any technology developed with the lab. Most
of the automotive technology agreements are with the Big Three and their primary sup-
pliers. [t will take substantial effort to create collaborative links between smaller compa-
nies and the national laboratories, but the result may be quicker commercialization of

the research.

Electric vehicles in Mew York, depicted in The Autemobile Review and Automobile News, 1902



FORGING MARKET SOLUTIONS

All things being equal, sustained change is most effectively achieved by harnessing
market forces, The ZEV mandate cannot stand alone. Once startup barriers have been
avercome (when EV sales reach 5 to 10 percent of the market), we will need measures
that rely on market forces to guide transportation choices toward reduced social and envi-
ronmental costs,

With this goal in mind, the federal government will need to overhaul the regulato-
ry structure that shapes the nation’s transportation strategy. The oil and auto industries
are shackled by rigid and fragmented regulations. Automakers, for example, must meet
every single standard for every single tailpipe pollutant—which discourages innovations
that accelerate emission reduction and preclude those that allow even one pollutant to
increase. For instance, even incremental innovations such as lean-burn and two-stroke
engines, which cut energy use and greenhouse gas, hydrocarbon, and carbon monoxide
emissions, but slightly increase nitrous oxide emissions, are essentially precluded from
the market.

The government could use instruments such as taxes, tax credits, fees, and mar-
ketable credits to complement technology initiatives aimed at reducing or eliminating
emissions. For example, if automobile companies were allowed to average emissions
across their fleet of vehicles to meet emissions standards, just as with fueleconomy
requirements, the public's clean-air goals might be more readily attained. (Average emis-
sions would have to be set at a level that permits total emissions reduction to match or
exceed the unaveraged standard.) “Emissions trading” (for both air pollutants and
greenhouse gases) might prove to be even more economically efficient, creating a side
market in which manufacturers sell credits for emission reductions from very
low-emitting vehicles, such as zerc-emission vehicles, to manufacturers who produce
higher-emitting vehicles. Allowing banking of emissions-reduction credits from year to
year would provide an additional bonus, giving manufacturers an incentive to invest soon-
er in technologies that will outperform today’s standards. California has taken tentative
steps in this direction; EPA has not.

Initiatives like the ZEV mandate will be more effective if combined with price sig-
nals that reward consumers' use of clean and efficient fuels and vehicles. For instance,
the government could offer a revenue-neutral “feebate” by which consumers who
purchase energy-efficient vehicles receive a rebate, whereas those who purchase gas
guzzlers pay a fee. Combining technology initiatives with incentives is not only effective,
it is also politically more appealing. Only a flexible, incentive-based regulatory approach
will create the framework needed to guide business and consumer decisions in an
efficient manner toward a sustainable future.

Although the technological basis for a transition to electric drive is falling into place,
progress will remain slow and inefficient until some way is found to reduce the risk for
automotive manufacturers and to create a firm but flexible regulatory structure. The goal
should be to encourage technological and institutional innovation by new and established
firms and to promote early commercialization of their new products. Thanks in large part
to the ZEV mandate, our society can choose from a menu of transportation opportunities
that did not exist only a few years ago. To backslide and ignore those opportunities would
be poor policy and bad business. #
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100 Miles on One Charge of the Batteries

at high speed, is going some—vyet the remarkable new Baker Electric Runabout, “ The Electric
Sensation of 1909 " has done even better than that.
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Who Will Buy
E/ectric Cars?

BY THOMAS TURRENTINE

1008 will be a big year for both automakers and clean-air advocates. In less
than EL ree years, the seven :’argesf car sefrrers in C;zfiforrzia must sell zero-emission
vehicles (ZEVs)—2 percent of their sales of vehicles under 3750 Ibs loaded
weight. Given the size of the current market, that's about 20,000 vehicles and
ff:ey most fikefy will be electric cars. By 2003, 10 percent must be zero-emitters.
The crux is that the government requires the auto industry to put ZEVs on
the market without requiring consumers to Eauy them. The fw’g mmrufacttrmrs say
clectric cars cost too much to make and consumers won't choose them, even :'f
prices were lo match those of gusafine vehicles. The automakers have threatened
to raise the price of gasoline vehicles to offset their losses. M uch of the debate
f::’nges on just how maniy Cw’:’fomians—ﬂr other car bu yers n‘f;mugifmm‘ the

world—will want an electric vehicle (E V). >
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An early electric delivery Hest

If the market were big enough, car makers and battery makers could lower prices.
Few EVs have been sold so far, and they bear little resemblance to cars expected in show-
rooms in 1998, or especially 2003, With so little to go on, it's tough to forecast sales,

Old Doubts, New Concerns

Skeptics like to point out that electrics lost their consumers eighty years ago, when
Model Ts first came rolling off assembly lines. Early electric cars had the same disad-
vantages as modern ones: limited daily driving ranges and batteries that need recharg-
ing and replacement.

Back then, most Americans still lived on farms, the electric grid was incomplete, and
many new car buyers were rural dwellers who needed a vehicle to get to town. Most
households had only one vehicle until after World War I1. The electric car's zero-emis-
sion advantage had little meaning for rural, smalltown America, and its limited driving
range posed a major disadvantage.

But that America is gone. Americans who buy new cars today are primarily subur-
ban. Virtually everyone has electricity at home, and probably half of new car buyers
already have 220-volt circuits in their garages with up to 30-amp circuit breakers. Most
new-car buyers already have two, or three, or more vehicles in the garage. When they
£o louring, at least one car is left at home. Additionally, healthy living and clean air have
become major national concerns. Even though tailpipe exhaust is much cleaner today
than two decades ago, it's still not clean enough.

A New Generation of Electrics

If you wanted to buy an EV today, you'd have difficulty finding one. You'd have to
make your own, buy a used one, bring a gas car to a conversion shop, or buy from a very
expensive “batch” converter (someone who buys new gas cars, converts them, and sells
them for twice the price of the original). There are several conversion shops in California,
garage-sized operations where enthusiasts tear the gasoline power system out of cars or



trucks, refit an electric motor and contreller into the cavity, and fill the leftover spaces
with batteries—Ilots of batteries that fill the trunk and sometimes the back seat. With the
big companies reluctant to put an EV on the market with today's technology, shops like
these are doing a small part of the job,

AC Propulsion is a small electric-vehicle conversion shop operating out of a single
bay in an inconspicuous industrial park off of I-10 in San Dimas, California. Its owner,
Alan Cocconi, is often called the whiz kid of EVs. His latest design shows what's possi-
ble. He has taken a Honda CRX, fitted it with a 200 hp AC air-cooled electric motor and
a battery pack of newly designed lead-acid batteries that fit in a channel down the center
of the underbody. The vehicle goes 0-60 mph in 6.2 seconds, has a governed top speed
of 85 mph, gets 110 miles per charge at 60 mph, and can be 80 percent recharged on a
220-volt charger in about one hour. (A top-of-the-line 1995 Ford Taurus goes from
0-60 mph in 7.5 seconds, tops out at 130 mph, and can travel 400 miles on a tank of gaso-
line.) The eleciric CRX has full traction control, cruise control, regenerative braking, and
batteries that last about 20,000 miles. About 22 of these conversions have sold for around
§75,000 each, All this done in a small shop with no subsidies.

The AC Propulsion vehicle illustrates much about the EVs that will hit the market
in a few years. They won't be golf carts by any means. They will have sophisticated elec-
tronics, have plenty of power, and will look like other cars on the road. General Motors
and Ford Motor Company have also been testing some limited-production vehicles across
the United States in some select markets, The reports are good so far. People seem to
like the way the vehicles perform, and affluent consumers are quite interested in the
General Motors Impact, a small sports coupe with lots of power and speed. These limit-
ed markets are critical to manufacturers who wish to charge luxury prices for initial sales
and to build their products’ reputation as premium goods.

Once the price of electrics approaches that of gasoline vehicles, say in 2005, and con-
sumers can get electrics in many models, styles, and body types, the markel question
will be determined by consumer response to three important attributes: range, recharg-
ing, and zero emissions.

Battery Woes

Just as it was eighty vears ago, we still do not have the battery technology to allow
EVs to drive as far as gasoline vehicles without recharging or refueling. The ZEV man-
date has encouraged development of a wide range of new batteries which promise to
double the capacity of current traction batteries and hopefully extend their life to five or
even ten years. Most of these are prototypes with high prices, and we have yet to
develop manufacturing methods, What we need is a cheap, durable, and environment-
friendly battery—not an expensive super battery.

Range and Recharging

Many market studies have tried to assess how far consumers want their cars to go
before needing to refuel, based on their stated preferences, using hypothetical ranges
and prices. Several studies conducted from the 1970s to the present conclude that pre-
ferred driving ranges make EVs unmarketable,

However, our studies find that consumers’ preferences for travel range are highly
volatile. Small increments of information push respondents’ estimates back and forth =

A variety of BV modals nirqud}- exish,

but their lusury prices could discourage

the ordinary consumer
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Mew habits: recharging the car with o portable inductive charger

radically. Most people we interviewed had never thought about how much range they
want or need, until we posed the question. [t wasn't an issue when they purchased their
gasoline car. Some don’t know the range of their current vehicle; they fill up once a week
on Friday and never drive out of town. Most simply think more range is better than less.

Consumers of EVs must consider range together with recharging time, and they
must develop a new set of habits. The EV might have only 100 to 150 miles of range, but
you won't need to go to a gas station. You can have a freshly charged car every morn-
ing. To recharge an “empty” vehicle will take two or three hours on a 220wvolt, 30-amp
circuit. You'll probably plug the car in every night and use a timer to get the best rates
from the power company. Most days you'll drive only 40 miles or less, so recharging will
take only one hour.

Because electricity will cost much less than gasoline, vou'll prefer the electric for

most of your running around. Precise instruments will tell you how much range you



have left. So as long as you're near home, you can run the battery low and get all your
errands done. Actually, you'll like using the electric because it's already heated and
defrosted when you get in, and some communities will offer preferential parking for EVs.
On the other hand, vou won't think of taking the electric on long trips—that's why you
have the gasoline car.

Imagining Hybrid Households

Our research investigates a central hypothesis: “a sizable percentage of multi-car
households will find it reasonable—even attractive—to have vehicles with different refu-
eling characteristics,” We call this the hybrid-household hypothesis, To test it, we con-
ducted a series of consumer studies in which—unlike other related studies—we first
helped respondents think about the capabilities of EVs—providing questions, maps, read-
ing material, videos, and even test drives of new electric vehicles. Shortly afterward, we
asked them whether they would want to buy an EV. Critics accuse us of tampering with
the thoughts of our participants, giving them too many hints, too much information. The
alternative would be to ask what choices consumers would make without knowledge. We
argue that would be worse.

Preferences develop over time, and they become meaningful only when accompa-
nied by experience and knowledge. My little girl, for example, will say with some
conviction that she “hates” salmon without having tasted it—then, one bite from my fork
reverses her “preference.” So it is with EVs, In a test drive we held at the Pasadena Rose
Bowl, many participants reversed their stated preferences after driving electric cars,
Most thought the cars would be slow, like golf carts, but even modest electrics changed
their opinions. On the other hand, some who had said they wanted an electric reversed
their preference to a larger vehicle in the interest of safety (the test vehicles were all
sub-compacts).

In one survey, using a method we dubbed PIREG (Purchase [ntentions and Range
Evaluation Games), we first collected diaries for a week of driving for all vehicles in 51
two-car California households. Then we interviewed each household at home, using the
diaries to see just how a limited-range vehicle would have worked for the recorded week,
as well as for expected future travel. We wanted to know whether household members
would swap cars, the radius of their routine activity space, the critical locations they need-
ed to reach, the amount of cargo or hauling they did, and the frequency of their vaca-
tions. We wanted to see if participants who emphatically claimed they wanted to buy an
electric car were realistic candidates. We found that 29 of the 51 households could imme-
diately use an EV with a 100-mile range, without having to make any adjustments; 15
households needed to make small adjustments, such as swapping cars with another fam-
ily member one day a month; and 7 households were unwilling or unable to adapt to EVs
with limited ranges.

Recently, we mailed survevs to 454 California households with two or more cars,
who had bought a new car in the last five years in size categories similar to future EVs,
We provided households with a wide range of information about EVs, including a video
and magazine articles, in order to stimulate their thinking about the subject. The house-
holds also kept driving diaries and marked important household destinations on a local
map. At the end of the week, they made vehicle choices, =

Hew obout a clean spin around the
neighborhood?
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In the most simple test of our participants’ response to limited range, recharging,
and zero emissions, 46 percent said they would be interested in purchasing an EV with
about 100 miles of range if the price were equivalent to gasoline vehicles. We think these
are highly probable sales, if manufacturers can meet the price condition. Such two-vehi-
cle households (with one midsize or smaller vehicle) account for about 40 percent of
California’s new-car annual sales, in a car market that is now about 1.4 million new vehi-
cles per year. If half of the 46 percent who showed interest in electrics actually bought
one, that would mean about 10 percent of the annual market, or about 140,000 buyers
annually. That would meet the mandate in 2003 and doesn’t include fleet sales,

We expect sales among commercial and public fleets, which account for 20 to 25
percent of current annual sales. With scattered sales among the remaining 35 percent of
the market, including one-car households, it's not hard to imagine EV sales reaching 20
percent of annual vehicle sales. At that rate, electrics could become 20 percent of the
vehicle stocks in California within a ten-year period. That would be 4 to 5 million vehi-
cles—according to some studies, that might be about the right number of electrics given
California’s electric-power-generating capabilities,

The Green Machine

A bigger question is whether electrics will lead us to environmental improvement.
Once zero-emission vehicles are on the road, gasoline cars and gas stations will seem a
lot smellier and dirtier than they do now. Cleaning up the air will be like cleaning the
walls in your kitchen: you start with that greasy place above the stove and, once that
leaves an obvious clean spot, you suddenly notice just how dirty the kitchen has become.
The next thing you know, you end up repainting the entire kitchen.

Electric vehicles could allow us to enjoy our suburban lifestyles while preserving
the environment, too. And that's how they'll succeed. As Michael Schiffer notes in
his history of electric cars, what often attracts new buyers are a product’s extreme
capabilities. Early car buyers admired the touring capabilities of gasoline vehicles,
and so, they turned down the electrics. Today, the zero-emission standard makes
EVs look attractive. »
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Are
HOV
Lanes
Really
Better?

Public policy currently promotes high-occupancy-vehicle (HOV) lanes and

discourages construction of general-purpose lanes. HOV lanes supposedly reduce con-

BY JOY DAHLGREN gestion and harmful emissions because they encourage ridesharing and transit use, Just
add a few passengers, and you can be rewarded with a fast, pleasant drive to work. That's
the ideal behind HOV lanes. But the reality is not so simple.

A curious thing about an HOV lane is that people want to use it only if it's less con-
gested than the other freeway lanes—so, congestion must persist on the other freeway
lanes. But HOV lanes are supposed to reduce congestion. Another curious thing is that,
as people shift to high-occupancy vehicles to travel faster, they increase traffic on the
HOV lane while decreasing traffic on the general lanes, The time savings offered by the
HOV lane then shrinks, and so does the incentive to shift to high-occupancy-vehicles.
Thus we face a paradox; the more effective an HOV lane is, the less effective it is.

If policymakers want only to encourage ridesharing and transit use—that is, increase
vehicle occupancy—then, constructing HOV lanes will certainly work better than con-
structing general-purpose lanes. But more densely populated vehicles are notl neces-
sarily benefits in themselves. Rather, they allow us to achieve greater objectives: reduced
person-delay, reduced emissions of pollutants, and reduced fuel consumption. >

tow Dablares in a post-decteral ressarcher gt the Institute of Transpariation Studizs
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THE 5TUDY

My research compares the effectiveness of HOV lanes to
general-purpose lanes in reducing person-delay and harmful
emissions. Because adding a new highway lane whether for
HOVs or not, generates many effects that are difficult to mea-
sure—such as route shifts, start-time shifts, induced trips, and
new bottlenecks—I combined queueing theory and mode-choice
theory to develop a simulation model that requires but little
observed data. The model does not predict what actually will
happen when a lane is added because it assumes away route and
start-time shifts and makes other simplifying assumptions,
However, because these assumptions either favor an HOV lane
or do not alter the ranking of the two alternatives, the model can
be used to compare their benefits. Whenever the model shows
less delay with a general-purpose lane, this really is the case. But
when the mode] shows less delay with an HOV lane, this is not
necessarily true—there actually may be less delay with a gener-
al-purpose lane,

The model calculates the number of vehicle- and person-trips
and total vehicle- and person-delay, along with the final propor-
tion of high-occupancy vehicles. The proportion of people who
will use high-cccupancy vehicles during any lime increment is

estimated with a logit discretechoice model.

REDUCING PERSON-DELAY

HOV lanes are supposed to help people travel faster by reliev-

ing freeway bottlenecks. In theory, this happens in three ways:

= Peaple shift from low- to high-occupancy vehicles, thus
reducing the overall number of vehicles on the road.

« High-occupancy vehicles have priority, thus vehicles with more
passengers suffer less delay than do vehicles with only one
person.

» An added HOV lane increases road capacity, thus reducing
overall congestion.

In practice, however, the first two benefits are limited.
Several studies report that a person’s decision to use a high-
occupancy vehicle rather than drive alone is not very sensitive
to in-vehicle travel time. Kenneth Small found that people placed
an equal value on one minute of pre-trip waiting time and 10 min-
utes of in-vehicle travel time. That is, they would just as soon drive
10 more minutes as wait one minute for a ride. People may be
discouraged from shifting to high-occupancy vehicles because
carpooling requires advance arrangements and restricts one's
choice of travel times. And transit involves waiting, circuitous
routing, stops en route, and sometimes transfers. Furthermore,
many trips discourage group travel: trips with uncommon origins
or destinations, trips at uncommaon times, or trips for transport-
ing heavy or bulky things. So, even if riding in a high-occupancy
vehicle would save them 5, 15, or even 25 minutes on the free
way, many solo drivers would not make the switch.

The benefits of giving high-occupancy vehicles priority is
limited by the fact that “high occupancy™ often means just two
people. Such priority is most beneficial when there are large num-

bers of people in buses,

Giving priority to high-occupancy vehicles works best when ot of prople share one vehicle



Increased road capacity is the primary factor in reducing per-
son-delay. When existing high-occupancy vehicles move to the
HOV lane, congestion decreases on the generalpurpose lanes,
At some point where the proportion of high-occupancy vehicles
approaches the proportion of capacity set aside for them, person-
delay is minimized. For example, if about 20 percent of vehicles
on a three-lane highway already have high occupancy when an
HOV lane is added, then the HOV lane will be well used and still
offer a slight advantage to ridesharers. It turns out that the pro-
portion of preexisting high-occupancy vehicles on a highway crit-
ically affects an additional HOV lane's advantages compared to a
general-purpose lane.

REDUCING EMISSIONS

Policymakers often just presume that constructing an HOV
lane is more effective in reducing pollution than constructing
another generalpurpose lane. However, it does not necessarily
work out that way. The main source of reduced emissions is
reduced congestion, not reduced trips. For example, if reduced
congestion allowed an average vehicle lo increase its average
speed from 20 mph to 50 mph over ten miles, that vehicle's emis-
sions of reactive organic gases (ROG) and carbon monoxide (CO)
would be reduced by 5 and 39 grams, respectively. Multiplied by
the thousands of vehicle trips that benefit from congestion reduc-
tion, these harmful emissions could be reduced by hundreds of
thousands of grams per day.

In comparison, a light passenger vehicle traveling at 20 mph
emits 21 grams of ROG and 211 grams of CO on a 20-mile trip.
Eliminating one such trip certainly provides greater environ-
mental benefit than reducing congestion for that one vehicle. But,
if overall benefits of trip reduction are to exceed overall effects of
reduced congestion, thousands of trips would have to be elimi-
nated. But the evidence shows that the addition of an HOV lane
does not greatly motivate solo drivers to rideshare, so it is diffi-
cult to eliminate trips.

When freeway expansion is considered, clearly the strategy
that best reduces congestion will also best reduce harmful emis-
sions, The question, then, is whether adding an HOV lane will
reduce congestion more effectively than adding a general-
purpose lane.

WHEN WOULD AN HOV LAMNE BE BETTER?

The advantage of adding an HOV lane is that, as long as some
delay remains on the other lanes, it does reduce some vehicle
trips. The disadvantage is that the freeway is only partially used.
My research shows that HOV lanes perform better than general-
purpose lanes only when there is initially long delay, thus moti-
vating solo drivers to rideshare, and the initial proportion of HOVs
is fairly high, resulting in greater use of HOV lane capacity.

Figures 1-3 compare the effectiveness of adding an HOV lane
to adding a general-purpose lane on a three-lane highway, with
average peak-period person-delay as the indicator. An average
high-occupancy vehicle is assumed to have 2.15 persons. The ver-
tical axis represents the difference in average person-delay
between the added HOV lane and the added general-purpose lane.
When the value is positive, it means more person-delay would
occur on an added HOV lane than on an added general-purpose
lane (so a general-purpose lane would be more effective in reduc-
ing congestion). The right horizontal axis represents the pro-
portion of preexisting high-occupancy vehicles on the highway
before a new lane was added. The left horizontal axds is a coeffi-
cient that estimates the likelihood of solo drivers shifting to high-
occupancy vehicles, depending on how much traveltime they
save by usging the HOV lane. The higher the number (=0.01), the
more resistant solo drivers would be to switching modes. The
lower the number (<0.05), the more likely they would shift to high-
occupancy vehicles, even for a small savings in travel time.

Figures 1 and 2 show results for highways with initial
maximum delays of 15 minutes and 25 minutes, respectively.
Nowhere do the graphs drop below zero on the vertical axis.
That is, in all cases an added general-purpose lane would cause
either the same amount of person-delay or less person-delay
than an added HOV lane, even if the initial proportion of high-
occupancy vehicles were high, and even if solo drivers shifted to
high-occupancy vehicles easily.

Figure 3 shows results for highways with initial maximum
delays of 35 minutes. Only when the initial proportion of high-
occupancy vehicles is 20 percent or more does the graph drop
below zero. That is, only then would an additional HOV lane offer
less person-delay than an additional general-purpose lane. =
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WHAT AROUT GROWTH?

Advocates of HOV lanes might argue that expected population and economic growth
will make a new HOV lane a better choice, in ten yvears, than would an additional gener-
alpurpose lane. However, if an HOV lane is added prematurely, the greater person-delay
and emissions reductions of an added general-purpose lane will be lost. Besides, the
expected growth may not occur, Why not first construct a general-purpose lane and con-
vert it to an HOV lane if and when growth requires it?

However, when converting a general-purpose lane to an HOV lane, planners must
carefully evaluate whether a limited-use lane is really a better choice in terms of person-
delay and emissions, The proportion of high-occupancy vehicles should be less than, but
approaching, the proportion of capacity provided by the converted HOV lane, to assure
good use of the lane. There must also be considerable delay to induce solo drivers to
shift to high-occupancy vehicles. Finally, the proportion of people in high-occupancy
vehicles must also be high so that the number of winners is comparable to the number
of losers.

When one of the four existing lanes on the Santa Monica Freeway was converied to
an HOV lane in 1976, the number of carpools increased by 65 percent, bus ridership
increased by 250 percent, and peak-period vehicle-trips decreased by 10 percent.
Carpools required three or more occupants. But initially carpools accounted for only
3 percent of vehicles and bus passengers accounted for 0.8 percent of travelers. Therefore,
25 percent of freeway capacity became dedicated to about 6 percent of vehicles that were
carpools and 3 percent of travelers who rode buses—{ar too few winners. Overall person-
delay increased, There was a public outery and, shortly afterward, the lane was returned
to general use.

Another interesting question merits further research: in cases where adding an HOV
lane has much greater benefits than adding a general-purpose lane, might it be more
cost-effective to add two general purpose lanes? Given that many HOV-lane projects
include auxiliary lanes, flyover ramps, or enforcement areas, the cost and space required
for two general-purpose lanes might not be a lot more than that required for an HOV-
lane project.

If the goal of transportation policy were to minimize vehicle travel, then mo capacity
should be added. The fact that policymakers ignore that option may reflect the under-
standing that society benefits when people travel. We could even consider congestion
a measure of the system's success. Therefore, we should aim not to reduce person-trips
but to reduce the costs that these trips impose. One solution is to increase highway
capacity, and new general-purpose lanes may serve that goal better than constructing
HOV lanes. »
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The Access Almanac:

SLOWDOWN
AHEAD

FOR THE
DOMESTIC
AUTO
INDUSTRY

Figure 1 has some interesting patterns and some disquieting
implications. The big fluctuation in sales reflects the business
cycle, Cars are durable, long-lived goods; they don't necessarily
have to be replaced in any given vear. So when the economy is
down, people can postpone new-car purchases.

Growth is another obvious pattern in the graph. Yearly vehi-
cle sales doubled between 1960 and 1973, Given the enormous
size and widespread influence of the auto industry, this boom was
a major force behind the growth of the U.S. economy.

Another pattern, one that most analysts have missed is that
the growth has nearly flattened out. Split the graph in two at 1973,
then draw a mental line through the fluctuations in the early years,
and another line through the post-1973 fluctuations. Recent sales
growth is virtually flat compared to the earlier years.

Will the slowdown continue? You can bet on it. Not as an
exercise in simple curve projection, but because of changes in the
fundamental demographic factors that shape auto sales. Long-
term lethargy in auto sales may be good news for the environ-
ment, but it's bad news for the economy.

What lies behind the change in auto sales? Consider
Figure 2. The lower line shows vehicle-fleet growth; the upper
line shows population growth. At the outset, there were many
potential drivers but few vehicles. Incomes grew, giving more
potential drivers the means to buy cars, and they did so with
enthusiasm. From 1950 to 1970, the vehicle population grew 2.9
times faster than the human population.

The explosive demand for automobiles also resulted, in
part, from women entering the work force and baby-boomers
reaching adulthood. Forty years ago, few women worked. Now
most do, thus expanding the proportion of the population desir-
ing cars to get to work. Thirty years ago, most baby-boomers were
too young to drive. Now they comprise a disproportionate share
of all drivers,

These demographic trends likewise foretell the end of rapid
growth in auto demand. Women's labor-force participation, now
82 percent of men's, is projected to grow by only 5 percent dur-
ing the 1990s. And baby-boomers are now all older than sixteen.
In the future, auto demand can grow only at the population rate
because we are nearing saturation. Almost everyone old enough
to drive already has access to a vehicle.



To measure saluration, we must compare potential drivers
to vehicles available. Figure 2 maps the number of potential
drivers (population aged 15 to 74) against the number of per-
sonal-use vehicles (cars plus the proportion of light trucks used
for personal travel). The rapid growth of the vehicle stock and
the near convergence of the two lines are apparent.

Fgure 1 shows further evidence of vehicle saturation: the
size of sales Muctuations is increasing over time. A typical
household thirty vears ago had only one vehicle. When that
vehicle wore out, it had to be replaced soon. A typical house-
hold woday has two vehicles, giving it more flexibility in post-
poning a replacement.

The auto industry, sized to accommodate disproportion-
ate vehicle growth, must now confront the implications of own-
ership saturation. Manufacturing capacity is excessive, and the
“temporary” layoffs and plant closings of the last few years are
likely to become permanent.

Would any policies put auto sales back onto a high growth
path? Strict import quotas would produce some short-
term sales growth; but, in the medium term, sales would still
run up against the same saturation ceiling. Future expansion
of geographic markets is limited: although Europe is still in its
high-growth phase (autos per capita has been growing
about three times faster there than here) demand for U.S-built
cars is low, and Japanese automakers have a strong headstart
there. Finally, the domestic industry might try to persuade
each household to expand its portfolio of vehicles. For
example, a household with two drivers and two cars might be
persuaded to buy an off-road vehicle, or an electric vehicle for
local travel.

None of these strategies will be easy to implement, and
none promises large, long-term gains. It's not going to be easy
for the auto industry to restore significant growth.

—Charles Lave
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