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I arrived here at the UC Transportation Center just nine months ago.
A former lawyer and aspiring writer, I had only a layman’s knowledge
of transportation systems, mostly based on my personal experiences.

Growing up in Hilo, Hawaii, I thought traffic jams meant having to
circle the parking lot twice to find a space. No one worried about ozone
or took cars in for smog checks. Every desirable destination—shop-
ping malls, movie theaters, beaches, even downtown—was within a few
minutes’ drive.

Life’s different now. I live in Berkeley—a town allegedly within
easy reach of the Napa Valley vineyards, Lake Tahoe, and San
Francisco’s cosmopolitan scene. When I moved here from Los Angeles,
I thought I'd escaped traffic jams, but a recent UC-Berkeley report says
that median Bay Area commute time is the same as LA’s, about twenty-
four minutes. Besides, my own experience has made me wary. A sim-
ple drive across the Bay Bridge during rush hour can be a nightmare—
there’s no detour—so I typically just stay home.

In nine months, I've learned a lot. When telling friends I work on
a transportation magazine, most immediately assume it focuses on the
design of freeways and traffic signals. “No, it’s more,” I say, struggling
to describe UCTC research in a single breath. “Transportation is an
essential feature of every function in modern society.”

As editor of Accgss, I've discovered that transportation is a many-
disciplined field, that it really does touch everything in modern eco-
nomic and social life. This University’s roster of professors teaching
transportation is a clear indication of that. It includes economists, civil
engineers, mechanical engineers, chemical engineers, electrical engi-
neers, political scientists, urban planners, sociologists, computer sci-
entists, public health specialists, lawyers, vision scientists, environ-
mentalists, landscape architects, psychologists, and no doubt others.

Of course, none of these subfields can deal with transportation
problems by itself. Scientists and engineers may develop a feasible elec-
tric car that alleviates air pollution—but neither automakers nor policy
makers will accept it unless the economics and the market conditions
assure a benefit to them. Even then, nonpolluting cars alone won’t
relieve congestion.

Planners may contend that congestion will decline only with
increased transit riding and reduced auto driving. That would require
high-density development, or congestion pricing, or better transit ser-
vice, or new vehicle technologies. But these won’t occur unless local
residents agree to zoning changes, builders offer attractive apartments
and townhouses, suburbanites move back to the city, manufacturers
invest in more R&D, public officials impose user fees, and more.
Changes of these sorts may have to wait for a major cultural change, a
switch in lifestyles, a shift in incomes, improved industrial processes,

and a different politics.

Habitual readers of ACCESs already know that our researchers speak
in many tongues. Our Spring 1996 lineup further reflects their diversity.
First, in a compelling argument based jointly in property law and economic
principle, Daniel Klein et al. say cities should give private jitneys access
to curb space rather than reserving transit stops exclusively to public
buses. He argues that, if the present bus monopoly were replaced by open
competition between the two transit modes, travelers would have more
choices and better service, and transit riding would rise.

Everyone acknowledges the pervasive role of automobiles and
knows their benefits don’t come free. Now Mark Delucchi has done the
intensive analysis to expose the total social-cost of automobile use. He
has worked through a complex maze of causal connections to catego-
rize different types of costs and to construct dollar estimates for each.
We expect his intricate analysis will generate a lively discussion, and
Access will eagerly provide a forum for it.

A much-cited 1990 study reported that vehicle-miles-traveled
(VMT) rose by forty-one percent between 1983 and 1990. That seemed
implausible to Charles Lave, so he checked it out using other estimat-
ing methods, including some of his own invention. He finds that the
study significantly overestimated growth in VMT, then provides alter-
native estimates showing much more modest increases.

Michael Southworth says our current transit information media
fail to serve many potential users. It seems that a high proportion of
Americans are illiterate and thus can’t read instructions or maps. By
exploiting new electronic technology that can present understandable
information to persons who can’t read, he expects transit can become
an attractive, rather than onerous, mode of travel for them.

Hoping to help cities respond effectively to future disasters, Martin
Wachs and Nabil Kamel analyze the ways transportation agencies react-
ed to the 1994 Northridge earthquake in Los Angeles. He explains how
the multitude of federal, state, and local agencies happened to work
together during the emergency and why the highway system got fixed
in record time.

The research summarized in ACCESs offers only a glimpse into the
numerous investigations being supported by UCTC and its DOT and
Caltrans sponsors. Although the various researchers have different
agendas and different styles of inquiry, they all share a passion for under-
standing how our transportation system works, why it falls short of
expectations, and how to make it better.

However varied their formal disciplines, it strikes me that they
all seem to share a faith in the inherent value of greater knowledge.
They also seem to share a belief that better understanding will prove
useful in leading to improved transportation. Their commitment is con-

tagious. Already my position as editor is more than just a job.

—Luci Yamamoto
Editor



Free To Cruise:
Creating Curb Space For Jitneys

BY DANIEL B. KLEIN, ADRIAN T. MOORE, AND BINYAM REJA

Public buses can’t compete with private automobiles because bus
rides usually involve long waits, slower commutes, limited route
and destination choices, and less privacy. To improve transit, it
may be necessary to overhaul our current government-owned bus
system by legalizing private transit services. Consider one
promising alternative, “jitneys”—small private vehicles that carry
passengers over regular routes but allow flexible schedules.

Freely competing with buses in an unregulated transit mar-
ket, jitneys can greatly increase transit riding. But open compe-
tition would let jitneys steal bus riders by interloping on estab-
lished, scheduled routes. For this reason, jitneys have been
almost universally banned in the United States.

Following national urban transit policy, local governments
have created monopolies for scheduled bus service by prohibit-
ing competition along given routes. Subsequently, bus operation
has become highly regulated, subsidized, bureaucratized,
and politicized.

We believe that jitneys and buses can coexist if government
sets new rules, based on property rights, governing passenger
pick-up areas. Instead of giving buses exclusive operation over

routes, they should have exclusive rights only to designated bus
stops, sharing routes with jitneys that have their own curb space.

We want to highlight three examples of successful jitney
operations—the 1914-1916 jitneys in the United States, jitneys in
less-developed countries, and current illegal jitneys in New York
City. We then want to show how to introduce jitneys into the sys-
tem of regulated bus transit.

THE JITNEY EPISODE OF 1914-1916

At the turn of the century, the most popular urban transit
option was the electric streetcar, which enjoyed a monopoly in
the form of exclusive franchises for routes. By 1914, however,
automobile owners began using their private cars to provide mass
transportation. These jitneys—named after the slang term for a
nickel—often ran just ahead of the streetcars, picking up waiting
passengers.

Jitneys offered service comparable to private automobiles
because they were quick and convenient, often providing door-
to-door service. Jitney drivers operated independently. They were
usually people between jobs, working part-time, or simply com-

Daniel B. Klein is assistant pro][essor o][ economics and both Adrian T. Moore and Birzyam Reja are gma/uute students in economics,
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muting to work themselves. They could adjust for the weather, congestion, time of day,
and day of week.

By 1915, there were 62,000 jitneys operating nationwide, spurring formation of indus-
try customs, voluntary associations, and company fleets that helped drivers obtain insur-
ance, pay maintenance costs, and, in some cases, coordinate routes and schedules.

Jitneys undoubtedly interloped on streetcar business, yet they also filled specific mar-
ket niches. People chose jitneys mainly for short distances, especially if they were not
served by streetcars. The number of jitney passengers far exceeded the number of rid-
ers intercepted from streetcars, suggesting that jitneys were attracting new transit rid-
ers. But the streetcar companies saw the jitneys as infringing on their monopoly right
and lobbied government to end the “jitney menace.” Municipalities gave in to their
demands, in part because streetcars paid taxes and gave free transportation for police
officers and fire fighters.

The 1914-1916 jitney episode illustrates the freewheeling type of transit that came
with the automobile. It also introduced a fundamental issue in property rights: Does inter-
loping on scheduled service constitute thievery? Or is it fair competition? Back then, gov-
ernment believed it was outright thievery. Instead of developing a framework to accom-
modate competitive coexistence, freewheeling transit was stamped out in favor of
large-scale monopoly.

TRANSIT IN LESS-DEVELOPED COUNTRIES

Jitney services similar to the early ones in the United States are operating in hun-
dreds of cities throughout less-developed countries (LDCs) such as Peru, India, and the
Phillipines. There, official bus services receive subsidies, but illegal jitneys flourish by
interloping on scheduled services. There are laws governing jitney safety, routes, and
fares, which are meant to limit interloping; but those laws are rarely enforced.

Jitney operators often create informal route associations to regulate service with
explicit rules setting routes and fares, and prohibiting interloping. The associations
achieve a degree of order sufficient to control wasteful conflict among individual oper-
ators, but they also operate as a cartel. Jitneys that initially transgressed on buses’
curb rights at bus stops eventually establish curb rights for themselves. To protect
those rights from new interlopers, they usually resort to physical intimidation and

strong-arm tactics. >

Jitneys are faster
and cheaper than
buses, and they offer
a more comfortable
ride, with drivers who

speak languages

other than English.




Fresh-air jitneys in the tropics.

Once organized, route associations

may turn to government for official recog-
nition. After much lobbying, bribery, and
petition gathering, route associations may
acquire official status and receive permits
or licenses. Along with official recogni-
tion, however, come political obligations
and regulations—and invasion by new
operators remains a threat.

Ultimately, the transit history of LDCs
illustrates that without curb rights—
established officially or otherwise—no
street transit system can survive.

ILLEGAL JITNEYS
IN THE UNITED STATES TODAY

Illegal jitneys continue to operate in
the United States today, most notably in
New York and Miami. People who ridelle-
gal jitneys here cite various reasons for
preferring them to public buses. They say
jitneys are faster and cheaper than buses
and that they offer a more comfortable
ride, with drivers who speak languages
other than English.

Jitney riders believe jitneys are safer
than buses. Since jitneys arrive more fre-
quently than buses, riders don’t have to
wait as long at street stops, where they
may get mugged. Further, jitney drivers
tend to reject passengers who are drunk,
disorderly, or pose other threats.

Jitneys flourish in cities where transit
is popular and enforcement efforts either
have not succeeded or have notyet begun.
In New York, modern jitney operation
began during the transit strike of 1980,
when illegal jitneys emerged to provide
local service and feeder service to the
Long Island Railroad station in Jamaica
(Southeast Queens). Jitney service first
developed in neighborhoods of Caribbean
immigrants, perhaps because those riders
were accustomed to riding jitneys in their
native land. Jitneys thrived even after bus
service resumed because enforcement
against them was only sporadic.

The New York Times reported that in
the eighteen-month period preceding
December 1991 a special task force
issued 11,773 criminal summonses
against jitney operators. But jitneys
remain uncontrollable, with many vans
driven by Caribbean immigrants who pay
little attention to the legal citations. The
Wall Street Journal found that over a one-
year period in 1990, jitneys were assessed
fines of over $4 million, but the city col-
lected only $150,000. The New York
example suggests that unsubsidized pri-
vate enterprise can supply fixed-route
transit despite governmental prohibi-
tions, as long as private operators can
establish sufficient curb rights.



THE JITNEY’S ROLE IN DIFFERENT
TRANSIT MARKETS

The determining factor for the viabil-
ity of both jitneys and buses is whether jit-
neys have free run of the streets and
access to curbs.

As we mentioned earlier, U.S. cities
typically protect bus systems from inter-
lopers by giving them exclusive rights, or
franchises, to specific routes. These rights
prevent all interloping. If interloping is
effectively prohibited, bus companies
have an incentive to establish routes and
schedules. They publicize their services
and may enter new markets, trying to
attract more riders, because they reap the
benefits. However, giving buses exclusive
curb rights leads to inadequate competi-
tion and an inert monopoly, which may
lead to low-quality service, lack of innova-
tion, and higher fares.

In contrast, consider what happens
where there are no franchised routes
and no ban on competition—no exclu-
sive rights at all—either because they
are not granted or not enforced. In this
case, the entire route is open to any oper-
ator. The jitney systems in LDCs and in
New York City illustrate this situation.
With open competition, the viability of
both jitneys and buses depends on
whether the marketis thin (low demand)
or thick (high demand).

If the market is thin, interlopers will
run just ahead of scheduled buses col-
lecting the waiting passengers and leav-
ing few for the buses. Scheduled bus ser-
vice may cease to operate due to lack of
passengers. In turn, jitney riders will be
less enthusiastic about congregating at
the curb because they won’t have guar-
anteed scheduled service. Further, with-
out scheduled service, there won't be set
arrival times at the stops. In a sense,
scheduled service is the “anchor” of the
market, and the entire market—buses

and jitneys—may be destroyed if that
anchor is dissolved.

If the market is thick, the lack of curb
rights may not be a serious problem. Even
without the anchor of scheduled bus ser-
vice, the market may be thick enough to
sustain jitneys alone. However, other
problems may occur, such as low quality,
irregular service, confusion over terms,
and lack of trust among participants.

The choice between exclusive rights
for buses or none at all poses a dilemma.
Giving buses exclusive rights may create
an ineffective transit monopoly, but legal-
izing jitneys to bring competitive energy
into the market may dissolve bus service
entirely. Instead of choosing either
extreme, however, we propose an
arrangement that takes a middle ground.

THE SOLUTION: CURB RIGHTS

The dilemma between monopoly and
anarchy can be transcended by an option
that maintains limited exclusive rights for
scheduled service, yet permits free-
wheeling competition on the route. Our
solution is based on a previously unno-
ticed policy opportunity: creation of exclu-
sive and transferable curb rights that allow
buses and jitneys to coexist. >

Buses and jitneys competing

for New York’s curbs.
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FIGURE 1

Spatial Demarcation of Property Right
Assignments to Curb Zones

Figure 1 depicts how curb rights can
include both exclusive areas for buses
where their passengers congregate, and
nonexclusive stops elsewhere along the
route—designated as “commons”—
where jitneys can pick up other passen-
gers. These rights don’t have to be
static, but can vary to accomodate the
market. For example, in nonpeak hours,
the commons may become additional
bus-only zones.

Our scheme relies on government
enforcing the designated curb rights. We
think this is possible with video cameras
that record illegal “trespasses.” Riders of
trespassing jitneys can also be held liable,
to ensure that they wait for jitneys in legal
areas outside exclusive bus zones.

Further, suppose government dereg-
ulated and privatized our current bus sys-
tem. If this happened, exclusive curb
zones could be leased to private bus com-
panies—either sold at set prices or auc-
tioned off. Imagine, further, that compa-
nies may sublet or resell their leases. This
may spawn an industry of curb rights:
entrepreneurs who buy available curb
zones, sublet rights, and manage and
monitor bus stops.

CONCLUSION

Current transit practice grants exclu-
sive rights to scheduled bus service,
which leads to monopoly. The alternative,
permitting lawless competition, may
destroy the market entirely.

Our proposal, which gives curb
rights to both buses and jitneys, takes
advantage of both transit options. It will
eliminate government control and over-
regulation, avoid market imperfections,
and rejuvenate transit entrepreneurship
and innovation. Property rights for both
will help assure competition between jit-
neys and buses, thus improving overall
transit service.

FURTHER READING

Otto A. Davis and Norman J. Johnson, “The
Jitneys: A Study of Grass Roots Capitalism,”
Journal of Contemporary Studies, Winter
1984, pp. 81-102.

Hernando De Soto, The Other Path: The
Invisible Revolution in the Third World,
translated by June Abbott (New York:
Harper & Row, 1989).

John Diandas and Gabriel Roth, “Alternative
Approaches to Improving Bus Services in
Sri Lanka,” Fourth International Conference
on Competition and Ownership in Land
Passenger Transport, conference papers,
New Zealand, 1995, pp. 463-482.

Ross D. Eckert and George W. Hilton,
“The Jitneys,” Journal of Law and Economics,
Vol. 15, 1972, pp. 293-325.

Jose Gomez-lbanez and John R. Meyer,
Going Private: The International Experience
with Transport Privatization (Brookings:
Washington, DC,1993).

Sigurd Grava, “Paratransit in Developing
Countries,” Transportation and Development
Around the Pacific (New York: American
Society of Civil Engineers, 1980),

pp. 278-289.

Daniel B. Klein, Adrian T. Moore, and
Binyam Reja, Property Rights Transit:
A Framework for Competition and
Entrepreneurship (book forthcoming).

Gabriel Roth and Anthony Shephard,
Wheels Within Cities: New Alternatives for
Passenger Transport (London: Adam Smith
Institute, 1984).

Arthur Saltzman and Richard Solomon,
“Jitney Operations in the United States,”
Highway Research Record, vol. 449, 1973,
pp. 63-71.

Isaac K. Takyi, “An Evaluation of Jitney
Systems in Developing Countries,”
Transportation Quarterly, January 1990,
pp. 163-177.



Total Cost O][Motor-Ve}zic/e Use

BY MARK A. DELUCCHI

What costs are involved in motor vehicle transportation? Many peop/e

consider only the dollars tlzey spena] on cars, maintenance, repair, ][ue/,

/ubricants, tires, parts, insurance, parking, to//s, registration, and ][ees.

But motor vehicles cost society much more than what drivers spenal on

exp/icit/y priceal gooals and services.

There are also “bundled” costs, which aren’t explicitly priced
but are bundled into the prices of other items. For example, “free”
parking at a shopping mall is unpriced to shoppers, but it’s not
costless; the cost is included, or bundled, into the prices of goods
and services sold at the mall.

Further, there are public-sector costs. Government incurs
huge expenses every year to build and maintain roads and pro-
vide services, such as police and fire protection, judicial and legal
services, environmental regulation, energy research, and military
protection of oil supplies.

Beyond these monetary public- and private-sector expendi-
tures are the nonmonetary costs of motor-vehicle use—costs that
aren’t valued in dollars in normal market transactions. These
include air pollution, personal injury damages from accidents, and
travel time. Some of these nonmonetary costs, such as pollution,
are externalities, that is, they affect people other than the driver.

Others, such as travel time, are what we’ll call “personal” non-
monetary costs.

The all-inclusive economic cost to society of using motor vehi-
cles is the sum of all costs mentioned above: explicitly priced pri-
vate-sector costs, bundled private-sector costs, public-sector costs,
external costs, and personal nonmonetary costs. (See Table 1.)

Purpose Of A Social-Cost Analysis

Researchers use social-cost analyses to support many dif-
ferent purposes and policy positions. Some use them to argue that
motor vehicles and gasoline are greatly underpriced; others, to
downplay the need for drastic policy intervention.

By itself, a total social-cost analysis cannot say whether
motor-vehicle use is good or bad, or better or worse than some
alternative, or whether it is wise to tax gasoline, restrict automo-
bile use, or travel in trains. Rather, such an analysis is just one of
many factors that may enlighten the transportation debate. >

Mark A. Delucchi is a research associate at the Institute o]( Transportation Studies, University 0/[ Ca/r'/[ornia, Davis, CA 05016.
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Specifically, a social-cost analysis can help:
 Estimate efficient prices for roads, emissions, and other costs. It can estimate the

gap between current prices (which may be zero, as with emissions) and theoret-
cally optimal prices. It can help us create policies to narrow the gap and thus use
transportation resources more efficiently. However, unless an analysis is done with
extraordinary specificity and with an eye to pricing, it can’t determine the precise
optimal prices for any motor-vehicle cost.

* Evaluate the costs of alternative transportation investments. A social-cost analysis

may help find the alternative that will provide the highest net benefits to society. But
it remains only half of the full social-cost-benefit analysis needed to make defensible
investment decisions.

* Set priorities for efforts to reduce transportation costs. Detailed comparison of

costs can help policymakers decide how to fund research and development to
reduce transportation costs. For example, when funding research on the sources,
effects, and mitigation of pollution, it’s useful to know that emissions of road dust
are probably more costly than are emissions of ozone precursors, which in turn
are more costly than are emissions of toxic air pollutants.

Conceptual Framework
In this study, the “social cost of motor-vehicle use” refers to the annualized total
cost of motor vehicle use, based on 1990-1991 cost levels, which equals the sum of the
following:
o operating costs—including those for fuel, vehicle and highway maintenance,
salaries of police officers, travel time, noise, injuries from accidents, and pollution;and
« the value of all capital—including cars, highways, parking lots, garages, and other

items that have a useful service life lasting more than a year, converted into a flow

of equivalent annual costs over the life of the capital.

This annualization approach is essentially an investment analysis, or project evalu-
ation, in which the “project” is the entire motor-vehicle use system. Of course, it is awk-
ward to treat the entire system—every car, every gallon of gasoline, every mile of high-
way—as a project to be evaluated. However, comprehensive accounting is necessary to

generate data and methods for estimating the social cost of all motor-vehicle use.




What Counts As a Cost Of Motor-Vehicle Use?

In economic analysis, “cost” refers to “opportunity cost.” The
opportunity cost of an action is the opportunity one forgoes—
what one gives up, uses, or consumes—as a result of doing it. For
a resource to count as a cost of motor-vehicle use, a change in
motor-vehicle use must result in a change in that resource. Thus,
gasoline is a cost of motor-vehicle use because a change in motor-
vehicle use causes a change in gasoline use, assuming all else
equal. Conversely, general spending on social security or edu-
cation is not a cost of motor-vehicle use because a change in
motor-vehicle use will not induce a change in resources devoted
to social security or education.

For purposes of planning, evaluating, or pricing, one must
consider not only whether something is a cost of motor-vehicle
use, but also, if it is a cost, exactly kow it relates to motor-vehicle
use. For example, pollution is a direct, immediate cost of motor-
vehicle use. But defense expenditures in the Persian Gulf, if they
are costs of motor-vehicle use at all, are only indirect, long-term,
and tenuous ones. This distinction is important because costs that
are tenuously linked are harder to model and estimate. They often
lag behind changes in motor vehicle use and depend on the spe-
cific characteristics and amounts of those changes.

Costs Versus Benefits

In this project, we estimate the dollar social cost but not the
dollar social benefit of motor-vehicle use. Of course, we have not
forgotten that there are benefits of motor-vehicle use, nor have
we presumed that the benefits are somehow less important than
the costs of motor-vehicle use. Rather, we know of no credible
way to estimate all benefits and do not attempt to do so. Indeed,
motor-vehicle use provides enormous social benefit and, in our
view, probably greatly exceeds the social cost.

Because ours is a cost analysis only, we decline to comment
on net dollar benefits or cost-benefit ratios, and on whether a par-
ticular transportation system is “worthwhile,” or better or worse
than another system. For example, our analysis indicates that
motor-vehicle use may cost more than people realize. But, even
if so, this does not mean that motor-vehicle use costs more than
it's worth, or that we should prefer a transportation option that
has near-zero external costs, or a transportation option that has
lower total social costs. Those determinations would require esti-
mating the dollar value of all benefits in addition to the dollar
value of all costs.

Average Cost Is A Poor Indicator Of Marginal Cost

Any social-cost estimate must reflect the real-world. Thus,
there’s no utility in a social cost estimate that tells us what we’d
save if we had no motor-vehicle system at all.

But an estimate of the annualized cost of the entire system
can be useful if it is scaled down to a realistic “project size.” That
is, if the cost of a proposal to increase the motor-vehicle use sys-
tem by ten percent is approximately ten percent of the cost of the
entire system, the gross estimate would be a useful starting point
for evaluating the proposal.

Do costs have such a linear relationship with use? In most
cases, probably not. For example, we know that nonmarket costs
of air pollution are a nonlinear function of motor-vehicle pollution
and that congestion delay costs are a nonlinear function of motor-
vehicle travel. Most costs of motor-vehicle use do not vary direct-
ly with use, down to the mile or gram or decibel or minute. Still,
the data and methods used in a total social-cost estimate may be
useful in marginal analyses, and the results may help in tracking
trends and setting priorities for research.

Classification Of Cost Components

In Table 1,1 group the costs of motor-vehicle use according
to how efficiently they are priced and allocated. For example,
there are costs that are unpriced but perhaps efficiently allocat-
ed (“personal nonmonetary costs”), costs that are priced explic-
itly but not necessarily optimally (“private-sector costs”), and
costs that are unpriced and inefficiently allocated (“externali-
ties”). I also consider whether a cost is valued in dollars in real
markets—that is, whether it is monetized, such as gasoline or
parking, or nonmonetized, such as air pollution. This distinction
is important methodologically because nonmonetary costs are
much harder to estimate.

Description Of Components

Column 1: “Personal” nonmonetary costs. “Personal” non-

monetary costs are self-imposed, unpriced costs that result from
the decision to travel. The largest of these are travel time during
uncongested conditions and the risk of getting into an accident
caused by oneself.

These costs will be inefficiently incurred if people do not fully
recognize them. True marginal-use value may not equal true mar-
ginal consumer-cost, and people may drive more or less than
they would if fully informed. For example, people may underes-
timate the chance that they’ll fall asleep at the wheel and thus
make trips despite the high risk of getting into accidents.>
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Column 2: Private-sector goods and services. The economic cost of motor-vehicle goods

and services supplied in private markets is the value of resources allocated to supplying
vehicles, fuel, parts, insurance, and other items. In principle, an estimate of the private-
sector resource cost should exclude taxes paid (taxes are a transfer from consumers or
producers to the government) and any revenues exceeding a normal economic profit
(such excess revenues are a transfer from consumers to producers).

Prices and quantities in private markets are rarely optimal, not only because of dis-
tortionary taxes and fees, but also because of poor information, externalities, and imper-
fect competition, standards, and regulations affecting production and consumption.

Column 3: Bundled private-sector costs. Some very large costs of motor-vehicle use

are not explicitly priced. Foremost among these are the costs of free nonresidential park-
ing, home garages, and local roads provided by private developers. However, all are includ-
ed in the price of “packages,” such as houses and goods that are explicitly priced.

This bundling is not necessarily inefficient: In principle, a producer will bundle a cost,
instead of pricing it separately, if the cost of collecting a separate price exceeds the ben-
efit. In a perfect market, one would expect any observed bundling to be efficient, and that
forcing unbundling would be inefficient.

Thus, the question is whether taxes or regulations (such as parking-space require-
ments) or any other factor is distorting the decision to bundle, and whether suppliers are
correct in their assessments of the costs and advantages of bundling.

Column 4: Public infrastructure and services for motor-vehicle use. Government pro-

vides much infrastructure and service that support motor-vehicle use. The most costly
item is the capital of highway infrastructure. Government costs are treated as a separate
group because they are generally priced inefficiently or not at all.

Note that, whereas all government expenditures on highways and the highway patrol
are a cost of motor-vehicle use, only a portion of other government expenditures—such
as those for local police, fire, corrections, jails—are similarly incurred exclusively for
motor-vehicle use. We have estimated the portion of government expenditures that can
be attributed to motor-vehicle use as economic costs, such as the cost of police protec-
tion to combat motor-vehicle-related crime.

Column 5: Monetary externalities. Some costs of motor-vehicle use are valued mon-

etarily at some point, yet remain completely unpriced for the responsible motor-vehicle
user; hence they are external costs. The clearest example is accident costs paid by those
not responsible for the accident. Vehicular repair costs inflicted by uninsured motorists
clearly are unpriced from the perspective of the uninsured motorist yet valued explicitly
in private markets. The largest costs in this category, “monetary externalities,” are the
costs of accidents and travel delay.

Column 6: Nonmonetary externalities. A nonmonetary externality is a cost or ben-

efit imposed on person A by person B, but that is not accounted for by person B.
Environmental pollution, traffic delay, uncompensated personal injury damages from
accidents, and the loss to Gross National Product (GNP) owing to sudden changes in
the price of oil are common examples of externalities. >



TABLE 1: CLASSIFICATION OF THE COSTS OF MOIT0R="V-EHICLE SUSSHE

1] 2] (3 4] a 6]
Personal Explicitly priced “Bundled” Public infrastructure Monetary Nonmonetary
nonmonetary costs of private-sector motor private-sector goods and services for externalities externalities
using motor vehicles | vehicles goods and services, (implicitly priced) motor-vehicle use (unpriced) (unpriced)
(unpriced) net of producer surplus

and taxes and fees

AR

Uncompensated personal Usually included in GNP-type accounts: | Nonresidential offstreet Public highway construction Costs of travel delay Air pollution (including toxics)
(non-work) travel fime, parking included in the price | and maintenance (including imposed by others, inflicted on others: effects on
excluding travel delay Purchases of MVs (principal) of goods and services or on-sireet parking) including accident human health, crops, materials,
imposed by others offered as an employee delay: exira fuel, oil, | and visibility
Fuel, lube il, except costs due to benefit Municipal off-street parking | maintenance, and
Accidental pain and suffering | travel delay not priced at marginal cost compensated (work) | Accidents: pain and suffering, and
and death inflicted on oneself Home garages and other travel time death not paid by the responsible
Maintenance, repair, washing, residential parking included in | Highway patrol party; fear of accidents
Personal time spent working | renting, storage, and towing; excluding | the price of housing (including Probabilistic oss of
on MVs and garages, refuel- | external repair costs, costs aftributable | interest on home loans) Environmental regulation, GNP due fo sudden Extra uncompensated (non-work)
ing MVs, and buying and dis- | to travel delay protection, and clean up, changes in the price fime due to fravel delay imposed
posing of MVs and parts Roads provided or paid for by | including landfills and sewage | of oil by others, including accident delay
Finance charges on purchases of MV the private sector and recov- | treatment plants
Noise inflicted on oneself ered in the price of structures, Accident costs not paid | Global warming due to fuel-cycle
Parts, fires, tubes, and accessories goods, or services Energy and technology R&D | for by responsible emissions of greenhouse gases
Air pollution inflicted party: lost productivity, | (U.S. damages only)
on oneself Automobile insurance: administrative medical, legal, property
and management costs and profit damuge' (incuding Naise inflicted on others
costs paid by govern-
Accident costs P(lld for by automobile ment) Price effect of Usinq pe]mleum
insurance of responsible party: lost ) ) fuels for motor ve?ncles: |°51_
produciivity, medical and legal Price effect of using consumer surplus in other oil-
services, victim restitution petroleum fues for using sectors (nof an external
! motor vehicles: cost globally)
increased payments to

Parking away from residence, . . : ,
foreign countries for oil | Water pollution: health and

excluding parking fax ’

used in other sectors | environmental effects of leaking

. not an external cost ites, il spi
Usually not included (Iobull : stor:ge & f\;mste sites, oil spills,
in GNP-type accounts: globally toum une
: Losses from robbe: i ina i i

Compensated (work) fime of oo ry Pu:in, sll:ﬁermg, |nconvemence(,i
business, government, and commercial theph fromg il and ofher ";f"l“""?“'r’ e
travelers, excluding travel delay 3 IS A -
. (net of dollar gain to
imposed by others il ]

riminals) Not estimated here:

Overhead expenses of business,
commercial, and government fleets Police protection (excluding highway pairol), court and
prison system (net of cost of subsfitute crimes)

Land-use damage: habitat and
species loss due to highway and

Accident costs paid for by responsible MV infrastructure

party, but not by automobile insurance:
lost productivity, medical services, legal
services, damage fo non-vehicular prop- Fire protection
erty, vidim resfifufion

Military expenditures related fo the use of Persian-Gulf oil
by motor vehicles The socially divisive effect of roads
as physical barriers in communities

Motor-vehicle related costs of other agencies Vibration damages

Vehicle inspection by private garages Strategic Petroleum Reserve: construction, operation, and

ol holding cos Esthetics of highways, vehicles,

Legal services, security devices due and service establishments

to motor-vehicle related crime
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TABLE 2

Summary Of The Annvalized
Social Cost Of Motor-Vehicle Use
(Billions of 1990 Dollars)

COST COST PER
FOR U.S. REGISTERED VEHICLE

COST ITEM (Billion dollars/year) (Dollars/year*)

(1) Personal nonmonetary costs of using motor vehicles 411 601 2,180 3,189
(2) Private-sector motor-vehicle goods and services 947 1,067 5,020 5,659
(3) Bundled private-sector costs 71 223 337 1,181
(4) Public infrastructure and services 125 207 662 1,099
(5) Monetary externalities 80 147 423 780
(6) Nonmonetary externalities : ]

Grand total social cos
Subtotal: Monetary cost only: (2+3+4+5) 1,222 1,645 6,482 8,720
Subtotal: Payments by motor-vehicle users 109 173 580 918

for highway infrastructure and public services

* This is the dollar cost per each of the 188.6 million motor vehicles (including heavy-duty trucks, buses, motorcycles, and
publicly owned vehicles) registered in the U.S. in 1990-1991. | present this only to give an idea of the magnitude of the costs.
One definintely should not infer from this presentation that: (1) any particular cost/vehicle is the same for all vehicle types;

(2) costs are proportional to the number of vehicles; or (3) the most efficient way to address externalities is to raise the price of
a motor vehicle.

Limitations On Using Results

Table 2 summarizes the costs in the six categories in Table 1 and provides a sepa-
rate estimate of user tax payments for motor-vehicle use. But I must caution against sev-
eral common misuses of these kinds of estimates.

First, one should resist the temptation to add up all unpriced costs and express the
total as dollars per gallon of gasoline, as if the optimal strategy for remedying every inef-
ficiency is simply to raise the gasoline tax. The optimal pricing strategy is considerably
more complex. Some sources of inefficiency, such as imperfect competition and distor-
tionary income tax policy, are not externalities and therefore are not properly addressed
by taxation.

Moreover, there is not a single external cost, with the possible exception of vehicu-
lar CO, emissions, that in principle is best addressed by a gasoline tax. For example, an
optimal air-pollution tax would depend on the amounts and kinds of emissions, ambient
conditions, and the size of the exposed population. It would not be proportional to gaso-
line consumption.

Second, it is misleading to compare the total social cost of motor-vehicle use with
the GNP of the United States. GNP accounting is quite different from and conceptually
more limited than our social-cost accounting. For example, GNP does not include non-
market items such as air pollution.

Third, there is considerable uncertainty in these social-cost estimates. Among other
things, we do not estimate every conceivable component or effect of every cost, nor do
we accommodate the entire span of data or opinions in the literature.

Fourth, it is not economically meaningful to compare our estimates of user tax and
fee payments with our estimate of government expenditures. I emphasize that it simply
isn’t true that any difference between payments and expenditures is a source of economic



inefficiency. This is because efficiency does not require that gov-
ernment collect from users revenues sufficient to cover costs.

Finally, ours is an analysis of the total social cost of motor-
vehicle use. Any particular policy or investment decision involves
costs incremental or decremental to the total. Therefore, you
should not use our average-cost estimates in marginal analyses
unless you believe that the total-cost function is almost linear and,
hence, that any marginal-cost rate is close to the average rate.

Further, our results will be less and less applicable as one
considers times and places increasingly different from the
United States in 1990 and 1991. However, even if our results per
se may become irrelevant, these data, methods, and concepts
may nevertheless be useful when analyzing specific pricing poli-
cies or investments.

Summary

We have classified and estimated the social costs of motor-
vehicle use in the United States based on 1990-1991 data. Our
analysis is meant to inform general decisions about pricing, invest-
ment, and research. It provides a conceptual framework for ana-
lyzing social costs, develops analytical methods and data sources,
and presents some initial detailed estimates for some of the costs.

A social-cost analysis cannot tell us precisely what we should
do to improve the motor-vehicle system. There are several kinds
of inefficiencies in the system, along with several kinds of eco-
nomically optimal measures. Moreover, measures to improve eco-
nomic efficiency are only part of the solution because our society
cares as much about equity, opportunity, and justice as it does
aboutefficiency. Ultimately, a total social-cost analysis contributes
only modestly in determining efficiency, which is just one of sev-

eral societal objectives for transportation. ¢

FURTHER READING

The Institute of Transportation Studies (UC-Davis) and UCTC are
publishing twenty reports that underlie the summary presented here.

1. The Annualized Social Cost of Motor-Vehicle Use in the U.S.,
1990-1991: Summary of Theory, Methods, Data, and Results

2. Some Conceptual and Methodological Issues in the Analysis of the
Social Cost of Motor-Vehicle Use

3. Review of Some of the Literature on the Social Cost of
Motor-Vehicle Use

4. Personal Nonmonetary Costs of Motor-Vehicle Use
5. Motor-Vehicle Goods and Services Priced in the Private Sector
6. Motor-Vehicle Goods and Services Bundled in the Private Sector

7. Motor-Vehicle Infrastructure and Services Provided by the Public
Sector

8. Monetary Externalities of Motor-Vehicle Use
9. Summary of the Nonmonetary Externalities of Motor-Vehicle Use

10. The Allocation of the Social Costs of Motor-Vehicle Use to Six
Classes of Motor Vehicles

11. The Cost of the Health Effects of Air Pollution from Motor Vehicles

12. The Cost of Crop Losses Caused by Ozone Air Pollution from Motor
Vehicles

13. The Cost of Reduced Visibility Due to Air Pollution from Motor
Vehicles

14. The External Cost of Noise from Motor Vehicles

15. U.S. Military Expenditures to Protect the Use of Persian-Gulf Oil for
Motor Vehicles

16. The Contribution of Motor Vehicles to Ambient Air Pollution

17. Payments by Motor-Vehicle Users for the Use of Highways, Fuels,
and Vehicles

18. Tax Expenditures Related to the Production and Consumption of
Transportation Fuels

19. Some Comments on the Benefits of Motor-Vehicle Use

20. References and Bibliography
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Are Americans Rea”y
Driving So Much More?

BY CHARLES LAVE

Many people seem to think that increased VMT (vehicle miles traveled) spells trouble. VMT growth bothers
environmentalists because it implies greater energy consumption and pollution. VMT growth concerns urban
planners because it suggests increased sprawl and decreased transit use.

Both groups found plenty to worry about when the 1990 Nationwide Personal Transportation Survey
(NPTS) results were published—VMT apparently grew by 41% between 1983 and 1990. But is this true?

My research develops three alternative estimates of VMT growth. All three estimates agree closely with
each other, but disagree with the NPTS results. I find that VMT per vehicle grew at only half the rate indicat-
ed by the NPTS.

What made the NPTS estimates too high? Budgetary constraints forced them to use telephone surveys
instead of household surveys. Internal evidence in the phone survey data shows that high-income (hence high-
VMT) households were over-sampled, thus producing an overestimate for the VMT of average households.

Charles Lave is professor of economics at the Unircrsity af Ca/ff.arnia, Irvine, CA Q2717.



ALTERNATIVE ESTIMATE #1—CALIFORNIA ODOMETER SURVEY

As my first check on the NPTS results, I developed a VMT estimate for California.
The data come from California’s statewide, biennial smog-check inspections, involving
nearly twenty million vehicles. Each inspection report contains the vehicle’s odometer
reading and its license plate number. By matching cars across inspections, we have two
odometer readings and two dates, and can compute an objective VMT rate.*

After computing VMT for each vehicle, we aggregated the data to compute an aver-
age VMT by model-year and class (cars, light trucks, medium trucks). To compensate
for any selection bias, we scaled these to state-level using the exact class and model-year
distribution from vehicle registration data.

The calculated VMT growth rate for California was 1.6% per year, well below the 2.7%
annual growth rate indicated by the NPTS survey. Does California’s VMT growth differ
from U.S. VMT growth? Perhaps. But if it does differ, most observers would have expect-
ed California’s growth to be atypically high. Next, I turned to a nationwide sample.

ALTERNATIVE ESTIMATE #2—U.S. DEPARTMENT OF ENERGY SURVEY

For my second check on the NPTS results, I used the U.S. Department of Energy’s
Residential Transportation Energy Consumption Survey (RTECS). Only 3,000 households
were surveyed. But, for purposes of VMT estimation, the RTECS data ought to have sev-
eral advantages over the NPTS. The household sample comes from a national multistage
probability survey, rather than from random-digit dialing; the initial interview is a per-
sonal interview in the home; and the great majority of the VMT data are based on >

1 Though simple in principle, the actual matching process involved considerable effort. To assure accuracy, we used only
those matches where the license plate, model year, and make of the car were identical across the time period. Instances of bro-
ken odometers (0 VMT) were discarded, and recording errors were screened out. Identical screening procedures were applied to

all years, thus any bias created by our screening is constant over time and will not affect estimates of growth rates.
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FIGURE 1

NPTS versus National Auto Registrations

CARS IN EACH MODEL-YEAR (MILLIONS)

MODEL YEAR OF CAR

FIGURE 2

Annual VMT

MILES DRIVEN PER YEAR (THOUSANDS)

AGE OF CAR (YEARS)

actual odometer readings, taken about a year apart. Thus, like California’s, this survey is
an objective source of VMT data. The NPTS data are subjective, based on respondents’
recollections of miles driven.

Estimates of VMT growth based on the RTECS survey are nearly identical to those
based on the California data: 1.5% per year in the RTECS sample, compared with 1.6% for
California, and 2.7%, NPTS.

ALTERNATIVE ESTIMATE #3—FEDERAL HIGHWAY ADMINISTRATION DATA

The Federal Highway Administration (FHWA) collects VMT statistical data from the
fifty states, compiles them, and publishes them in Highway Statistics. The state VMT esti-
mates are derived from fuel-consumption data, supplemented by sample traffic counts.
The states have improved the quality of these estimates over time, but they still rely heav-
ily on estimates of parameters—for example, average miles per gallon—rather than on
actual measurements. (California has an elaborate model to estimate the average miles
per gallon of its vehicle fleet.)

Given the uncertainties in the data sources, I would not use these as a primary stan-
dard. But, taken in combination with the other results, they do provide a useful com-
parison. Estimates of VMT growth rates based on the FHWA data are nearly identical
to my other estimates: 1.4% FHWA, 1.5% RTECS, 1.6% California, compared to 2.7%
reported by NPTS.

Therefore, the results from analyzing three alternative data sets appear strikingly
similar with one another, but show a VMT growth rate that is only about half as fast as
the NPTS estimate.

WHY ARE THE NPTS RESULTS TOO HIGH?

What are the possible sources of error? First, the NPTS estimate is based on sub-
jective data. Respondents are asked: “How many miles did you drive last year?” There
are good reasons to doubt the reliability of respondents’ answers to such a subjective
question concerning an activity that they do not usually consider in quantitative terms.
Still, any subjectivity problem ought to be constant over time; that is, growth rates should
be unbiased.

Unfortunately, severe budget pressures caused a change in methodology in 1990.
All the prior NPTS data had been collected using home interviews, but in 1990 they
switched to telephone interviews based on a random-digit dialing. Inherently, random-
digit dialing contacts a disproportionate number of high-income households: high-income
households have several phones per household, while low-income households often share
a phone with other households. Survey organizations use a variety of techniques to com-
pensate for these biases, but sometimes the correction techniques are not sufficient.

Suppose the 1990 NPTS did over-sample high-income households. This would pro-
duce an overestimate of the average VMT level because high-income households travel
more. Further, the effects of the upward bias in VMT level would be compounded by the
change in survey methodology: To compute growth, one compares the high 1990 level
to the 1983 level that was derived using the old survey methodology. That is, the change
in survey methodology would account for the overestimate of VMT growth rates.

So, did the 1990 NPTS over-sample high income households? I cannot test this
directly, but I devised a powerful indirect test. High-income households tend to own
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1983 1984 1985 1986 1987 1988 1989 1990 199 | Crowh Rate
Over Time
NPTS Data (U.S) 10,315 12,458 ' 2.7%
< 27% /year >ll ('83-'90)
FHWA Data (U.S.) 9,655 9,995 10,633 1.4%
{'83-90)
Iq— l.2%/year4;|<7 1.6% /year 4—;|

RTECS Data (U.S.) 9,399 9,855 10,246 10,600 1.5%
‘ ('83-91)

|<— 245 /year —;‘q_i 1.3% /year —— | €——— 1.1% per year —;l
California Data 9,925 10,238 10,585 1.6%
‘4— l.6%/year—>!<— 1.6% /year -—}‘ ('86-'90)

newer cars than do low-income house-
holds. So I computed the age distribu-
tion (model-year) of vehiclesin the NPTS
sample and compared it to the correct
age distribution based on complete state
vehicle registration data. Figure 1 shows
the results. The dark line shows the cor-
rect age distributions. The colored line
shows the distribution of the vehicles
sampled by the NPTS. Clearly, the NPTS
sample includes too many young cars
and too few old ones.?

What are the consequences of over-
sampling new vehicles in the NPTS?
Figure 2 shows the relationship between
vehicle age and yearly VMT: As vehicles
age they are driven significantly less.
Since the average car in the 1990 NPTS is
newer than it ought to be, the 1990 NPTS
will overestimate VMT per vehicle.

CONCLUSION

Table 1 summarizes the VMT esti-
mates from the four data sets. The table
shows the VMT per year estimates and
the year to which they apply. On the right
side of the table are the growth rates for
the longest period applicable to each data
set. Where intermediate points were
available, they are shown, and the inter-
mediate growth rates are also calculated.

The FHWA data, the RTECS data,
and the California data are in close agree-
ment on VMT per year: 10,633
miles/year, 10,600 miles/year, and
10,585 miles/year, respectively. These
VMT estimates are well below the NPTS
estimate of 12,458 miles/year. The
FHWA, RTECS, and California estimates
also give consistent estimates for overall
VMT growth rates: 1.4%, 1.5%, and 1.6%,
respectively. These growth rate estimates
are about half the NPTS estimate.

But truth is not simply based on a
three to one vote. The RTECS and
California data sets are inherently higher
quality than the NPTS because they col-
lect objective odometer data. The NPTS
is based on subjective VMT estimates and
there was a critical change in sampling
methods between 1983 and 1990. The
1990 NPTS survey used random-digit dial-
ing, instead of home interviews, resulting
in significant over-sampling of late-model,
high-VMT vehicles.’

That is, there are a number of strong
reasons to reject the apparent VMT jump
in the 1990 NPTS. The best estimate of
VMT growth for households in the 1983-
1990 period is 1.4 to 1.6% per year. ¢

TABLE 1

Vehicle-Miles Per Year (Average Vehicle)
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FURTHER READING

Charles Lave, “What Really is the Growth
of Vehicle Usage?,” forthcoming in
Transportation Research Record.

2 Figure 1 plots only the distributions for cars. But we
know that U.S. households also purchase large numbers of
light trucks and that they use them in much the same way
they use cars. Did the NPTS also over-sample young trucks?
1 don’t have national registration data for light trucks, but I
do have complete registration data for California’s light
trucks. I plotted a version of Figure 1 for actual California
light trucks versus the NPTS sample of California light
trucks. It shows the same age bias.

3 This sampling problem will not affect many other NPTS
results. Comparisons of VMT between well-specified sub-
groups will be reasonable, as will be results on travel pat-

terns, destinations, and characteristics.
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SmartMaps
for Public

Transit

BY MICHAEL SOUTHWORTH

Many people find the prospect of travel by
public transit complex and unpredictable,
rather than inviting. Riders must be able to
read English, understand complex route
maps and schedules, and figure out fares.
Some must be able to use electronic ticket
and information devices. These systems
may seem simple, but many transit users
have difficulty making sense of the transit
information that’'s usually available. Most
systems ignore the special needs of chil-
dren, foreigners, and users who are illiter-
ate, sight-impaired, hearing-impaired, or

otherwise disabled.

Computer-aided traveler information systems could elimi-
nate much of the guesswork for riders by providing information
tailored to diverse users and their needs. If information systems
could make transit less intimidating, they might also help to
increase ridership. However, the design of traveler information
systems must simplify a rider’s transit experience, rather than
add another layer of complexity.

We have studied the social and psychological characteris-
tics of transit users in an effort to design effective information sys-
tems. Based on these findings, we offer some suggestions for
“SmartMaps,” systems that make transit riding more accessible
to everyone.

Social Characteristics of Transit Users

The form of transit information is just as important as its con-
tent. Given the diversity of transit users and the complexity of
transit systems, information must be carefully designed to com-
municate with major user groups rather than just a small group
of expert travelers. Transit users differ in their familiarity with
the system and with the town, city, and region. Their under-
standing of the system differs based on their age, education, loca-
tion, cultural and language background, and literacy skills.

A high proportion of California’s transit users are foreign-
born, with limited English reading skills and minimal knowledge
of their cities and regions. According to the Southern California
Rapid Transit District 1986 On-Board Survey, most transit users
in the region were in lower-income brackets, with 60.5 percent
earning less than $15,000 annually. The majority of riders were
Hispanic/Latino (44.2 percent) and African-American (23.2 per-
cent). Most were under 35, with 37.6 percent of riders between
15 and 24 years old. Given the choice between an English or
Spanish questionnaire, 28 percent of participants chose Spanish.

Another survey, the 1985 AC Transit On-Board Survey in
the Bay Area, found similar traits. More than half the passengers
were African-American, Asian-American, Hispanic, or Native-
American; and nearly half had incomes under $20,000. Most
depended on buses for transportation—over 80 percent of week-
day passengers rode AC Transit buses at least four days a week.
Almost 20 percent of weekday passengers were teenagers, while
only about 10 percent were over 64 years old. >

Michael Southworth is pro][essor of /anc]scape architecture and of city and regiona/ p/anniﬂg. He is Chair of the Department
u]( Cfty and Regiona/ P/annfﬂg at the Univarsfty af Ca/ifarnia, Bur]ca/ey, CA 94720-1850.
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Sightseeing map of Paris pictorially
depicts major landmarks, with vantage points
indicated by the fan-like symbol.

Literacy Considerations in Designing Advanced Transit Information Systems
Available surveys suggest that many transit users are likely to have difficulty under-
standing both textual and numerical information, including maps, schedules, fares, and
procedures required for using transit. To be comprehensible, transit information must
communicate with people of varied language backgrounds and minimal literacy levels.

The 1992 National Adult Literacy Survey interviewed nearly 13,600 individuals in the
United States, age 16 and older, to evaluate their prose literacy (ability to understand tex-
tual material), document literacy (ability to read bus maps and schedules, among other
things), and quantitative literacy (ability to do mathematical operations).

Results showed that 21 to 23 percent of adults surveyed performed at the lowest of
five skill levels for each type of literacy, while another 25 to 28 percent performed at the
next lowest level. Of those at the lowest level, one-fourth were immigrants who knew lit-
tle English, two-thirds had not completed high school, and one-third were elderly. Thus,
according to the survey, about half the adult population in the United States has very lim-
ited literacy skills, especially in document literacy. This finding has major implications
for any organization involved in public communications and information.

African-American, Native-American, Hispanic, and Asian/Pacific Islander adults
were more likely to have skills in the lowest two literacy levels than were white adults.
Slightly over 40 percent of all adults at the lowest levels were living in poverty. Older
adults demonstrated much lower literacy skills than younger adults, especially those past
age fifty-five. This is probably because older adults have fewer years of formal education
than younger adults.

Implications For Transit Information Systems
Based on the transit-user characteristics discussed above, we conclude that peo-
ple who are most dependent upon public transit are also most deficient in literacy
skills—including children, racial minorities, and the disabled, poor, elderly, and less
educated. Conventional transit information systems fail to meet the needs of diverse
users because they are designed primarily for middle-class, well-educated,
English-speaking adult users.
Further, transit information tends to be generic and may not
suit individual needs. Often, users receive too much infor-
mation, becoming overwhelmed rather than enlight-
ened. Maps and verbal directions don’t clear-
ly connect the transit system to the overall
environment. The focus is on the transit
system, not on understanding how the sys-
tem fits into the surrounding urban and
regional context.

Cognitive Processes in Wayfinding
In addition to considering transit
users’ social characteristics, design of an
effective traveler information system also
requires an understanding of how people
use maps and find their way to destina-



tions. Psychological research indicates that the cognitive processes of wayfinding are of
two main types: (1) the sequentially arranged images and corresponding sets of deci-
sions that help people find routes to destinations; and (2) “cognitive maps,” or mental
representations of overall spatial relationships.

While most researchers agree that people primarily use sequential information
for wayfinding, cognitive maps can streamline the wayfinding process. Someone with
a clear mental picture of a place tends to be more adept at finding routes and shortcuts
within the area than someone with a less-developed cognitive map.

To develop an effective cognitive map that includes the route to a destination, one
must be familiar with the location. But lack of familiarity can be remedied by using sim-
ulation techniques that can quickly familiarize newcomers with a complex environment—
even more quickly than actually experiencing the same environment.

When encountering a new environment, individuals who have first been introduced
to the environment through a form of simulation—for example, a map—feel more com-
fortable and secure than do those who are not familiarized beforehand. The most effec-
tive simulation procedure uses a combination of presentation methods.

A sequential, “walk-through” presentation—through animation or a series of still
photographs—seems to be effective only if coupled with a bird’s eye view of the area.
This allows the mind to assimilate two kinds of information: spatial relationships (cog-
nitive maps) and procedural information (network maps).

Viewers must learn to recognize specific elements in the urban setting—structures
that are memorable and identifiable by their size and shape. In addition to landmarks,
a simulation presentation should highlight the organizing features of the environment,
such as its street pattern.

Studies show that people can process only limited amounts of information. Overly

detailed pictorial maps can provide too much information and hinder one’s ability to >
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find a destination. Further, it appears that
offering simultaneous messages may be
ineffective because the information
becomes too complex to process. But cer-
tain combinations have proved effective,
such as combining a street map with the
pictures of landmarks or spoken descrip-
tions. Generally, simple presentations
work best.

Benefits of Electronic Media in
Transit Information Systems

To improve current information sys-
tems based on transit users’ characteris-
tics and wayfinding processes, we sug-
gest using computer-based electronic
media. Unlike printed material, an elec-
tronic system, with its vast memory, can
provide information tailored to an indi-
vidual’s personal characteristics and
needs, including preferred language,
graphical or textual format, and content.
It can simultaneously provide informa-
tion in several media, instructing users in
a more intuitive, immediate, and vividly
communicative manner.

Electronic systems can engage
users in an interactive give-and-take, per-
mitting travelers to obtain the informa-

This tourist map gives a

cultural and architectural overview of
Boston’s Beacon Hill, using easy

to understand graphics.

tion they need, without extraneous infor-
mation. Users receive information
sequentially and with a level of detail suit-
ed to their needs.

Design Guidelines for Transit
Information Systems

Based on our research, we suggest
the following criteria for developing effec-
tive transit information systems:

1. Several levels of on-screen help
should be available to accommodate dif-
ferent users’ levels of expertise in using
the information system. Skilled users
should be able to bypass information they
do not need. On-screen tutorials should
be available for novices. In addition to dif-
ferent skill levels, the system should
accommodate different levels of cognitive
ability and perceptual orientation.

2. The system should be interactive,
to allow users to make specific requests
and avoid being confounded by extrane-
ous information. Possible methods of user
input are track balls, touch screens, joy
sticks, and key pads.

3. Maps and aerial views should show
the organization of streets and paths,
properly aligned with the actual environ-

ment. This organization should not be
obscured by unnecessary graphics such
as insignificant buildings or text. The sys-
tem should provide printed directions and
a simple map of the route.

4. Maps should include recogniz-
able images of landmarks and important
places. )

5. Sequentially arranged walk-
through images of a route should be cou-
pled with an overview of the environment,
such as a map, an aerial view, or, prefer-
ably, a three-dimensional model. Full
length videos of the route are unneces-
sary, time consuming, and too detailed.
Selected walk-through images should
include the points along the route where
changes occur and should highlight
important landmarks.

6. Graphically presented route infor-
mation should be accompanied by written
and spoken descriptions of the route to
reinforce learning. Spoken descriptions
are more accessible to the general popu-
lation than written information.
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Conclusion

One reason people avoid transit is the lack of understand-
able information on routes, schedules, fares, and procedures. We
can improve the communication of transit information by taking
advantage of new electronic technology. But advanced informa-
tion systems can create another layer of complexity if they don’t
accommodate the majority of users, especially the vast number
of potential riders who have difficulty understanding directions
and maps. An effective system must be designed for diverse
users, especially transit-dependent persons who may lack litera-
cy skills or be unfamiliar with the city’s geography. ¢
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DECISION-MAKING
AFTER DISASTERS:

Responding to the Northridge Earthquake

BY MARTIN WACHS AND NABIL KAMEL

Many people seem to behave differently during emergencies than
they do under ordinary circumstances. Feuding families unite to
help each other when a tornado strikes their town, and neighbors
who haven't spoken for years share a candlelight dinner after a
hurricane knocks out their power. When faced with a disaster,
people become more cooperative and humane, rising above their
conflicts and aloofness.

But what happens among institutions? In particular, how do
transportation institutions—from state highway departments to
local transit authorities to private contractors—work together
under crisis conditions?

It’s crucial that the transportation system continue to func-
tion during and after a crisis. Thus it’s important to know whether
transportation organizations can collectively muster sufficient
flexibility and ingenuity to respond effectively when stretched to
the limit by earthquake, flood, hurricane, or tornado. Do organi-
zations enjoy a period of mutual respect as people do in person-
al interactions, or do they respond as rivals, weighed down by
bureaucracy? If they can adapt to crises, can they also improve
their day-to-day functioning afterward?

In February 1994, the Northridge earthquake in Los Angeles
provided an opportunity to ask these questions. Further, it was
possible to compare that experience with reactions to the October
1989 Loma Prieta earthquake in the San Francisco Bay Area,
which was studied at UC-Berkeley. We at UCLA reviewed the

memos, technical documents, contracts, and agreements exe-
cuted during the earthquakes, plus media reports and transcripts
of hearings held by various legislative bodies. We also reviewed
the literature on disaster response and preparedness, which goes
far beyond specific transportation issues, and interviewed approx-
imately forty people who played critical roles during California’s
two most recent major earthquakes.

DISASTER RESPONSE: AN OVERVIEW

A critical factor determining a community’s response to
disaster is the mitigation action—capital investments such as seis-
mic upgrading of structures—taken to reduce harm. Also impor-
tant are preparedness measures, including emergency proce-
dures, evacuation plans, search and rescue training, and effective
telecommunications systems.

For some types of disasters, it is feasible to work on pre-
vention— for example, capital improvements aimed at flood con-

trol. Here, we don’t deal with preventive measures because earth-
quakes can’t be averted.

The effectiveness of a response also depends on the specif-
ic circumstances surrounding the particular disaster—its mag-
nitude, location, and time of occurrence. The Los Angeles quake
struck at 4:30 in the morning on a national holiday, which
undoubtedly reduced losses (there was only one highway fatali-
ty) and affected governmental response.

Martin Wachs is pro][cssar 0)[ urban p/anning and director o][ the Institute of Transportation Studies, and Nabil Kamel is a doctoral student
in urban p/anning, both at the Uniuersify o][ Ca/ifornr'a/ Los Ange/es, CA Q0005-1650.



A community’s response to disaster also depends on the

extent to which responsible organizations are “vertically” and
“horizontally” integrated. Vertical integration is the degree of

connection among local organizations and state and federal
agencies. Vertical integration makes for open communication
channels, resource exchange, common language of discourse,
standard operating procedures, and agreed-upon ways of inter-
acting. Effective response to disaster requires cooperation
among all levels of government.

Horizontal integration is the degree of connection among

local agencies—the extent to which they are linked through com-
munication, shared resources, and similarity of practice.
Numerous local agencies affect transportation decisions. So, it
matters whether they can work together without bickering and
impeding one another’s progress. Cooperation among local

agencies—those that are most directly involved with the affect-
ed community—is critical to successful response.

The extent of vertical and horizontal integration must be
considered both before the disaster and during the period of
response and recovery. Actions taken in the first hours or days
after the disaster—the period of emergency—include assessing
priorities for immediate action, removing dead and injured
people, shoring up precarious structures, and clearing roads.
The period of emergency gradually gives way to the period
of reconstruction, during which detours may be marked and
roads repaired or rebuilt. Finally comes the period of recovery,
when the transportation system may resume normal function-
ing and efforts focus on recovering economic losses and
analyzing the experience with the aim of improving the pre-
disaster phase of future disasters. >
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RESPONSES TO THE
NORTHRIDGE EARTHQUAKE

Almost everyone we interviewed
agreed that the organizations managing
the Los Angeles transportation system
responded very well to the Northridge
earthquake. Further, while most studies
ofthe 1989 Loma Prieta earthquake found
the response there quite successful as
well, we found clear evidence that lessons
gleaned from the 1989 earthquake effec-
tively improved the 1994 response.

VERTICAL INTEGRATION

Five hours after the earthquake, local
and state officials had completed a rea-
sonable inventory of damage, despite hav-
ing to deal with a broken water main that
flooded their emergency operations cen-
ter. Transportation officials from sever-
al state agencies collaborated to develop
a quick response plan. Los Angeles
Mayor Richard Riordan activated the

multiagency Emergency Operations

Board, which met on the first day at 9:00
a.m. and 2:00 p.m.

That day, private contractors began
demolition at four sites on damaged
bridges. These companies worked on the
basis of oral agreements with the
California Department of Transportation
(Caltrans), backed by the Federal
Highway Administration. This work
implemented “Project Bulldozer,” a plan
prepared in advance with the Associated
General Contractors of California.

Throughout the period of emer-
gency local and state officials worked
together to mark detours, which in some
cases were changed several times daily
to accommodate changing conditions.
City sign shops painted paper signs,
later replaced by more durable signs, for
facilities both inside and outside their
jurisdiction.

Examples of vertical cooperation
appeared at all governmental levels:
The Governor declared a state of emer-

gency; the President declared a national
state of emergency; and the head of the
Federal Emergency Management
Agency, the Secretary of Transportation,
and the Secretary of Housing and Urban
Development flew to Los Angeles.
These agencies followed preestablished
procedures on emergency funding
for transportation.

In contrast, the degree of vertical
cooperation during the Loma Prieta
quake was lower, reflecting tension
among local, state, and federal officials
over which agencies should take charge
of operations. In Los Angeles, officials
decided early on to let local institutions
lead the effort, with other agencies play-
ing facilitative and supporting roles. They
based their decision on revised federal
law concerning allocation of emergency
funds, new operating procedures, and
simple good judgment. Throughout the
reconstruction period, a multiagency task
force met regularly to avoid unwarranted




duplicative efforts and to insure that the
region’s numerous transportation agen-
cies took mutually beneficial actions.

HORIZONTAL INTEGRATION

Immediately following the North-
ridge earthquake, local transportation
agencies tended to be competitive with one
another, making for a degree of horizontal
integration that wasn't as great as the ver-
tical integration.

However, local agencies have histor-
ically proved their capacity to cooperate
under crisis conditions: for example, at
times of civil unrest, floods, mudslides,
brushfires, and during the 1984 Olympic
Games. While local agencies normally vie
against one another for funds, influence,
and prestige—or ignore one another
entirely—they can become horizontally
integrated and work together effectively
when it really matters.

After the Northridge quake, local
agencies coopératively reconstructed
damaged highways. It should be noted
that high levels of horizontal integration
may have emerged in part because dam-
age to the transportation system was local-
ized. There was severe damage to a few
bridges and high-capacity pavement sec-
tions, but no damage over an extensive
portion of any roadway.

Because damage was localized, offi-
cials agreed that the only reasonable
course of action was to rebuild highways
as they previously existed—as quickly as
possible and without discussion, debate,
environmental reviews, or public com-
ment. By the time demolition was com-
pleted, Caltrans had detailed design
plans, done mostly in-house but with
some contracted out because of limited
staff. Some of the contracted work
employed expedient “design-build” con-
tracts, which saved time by assigning
responsibility for all phases of design
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and construction at a site to a single con-
tractor.

The Loma Prieta quake had created
a different situation. While only a small
section of the Bay Bridge failed—causing
instant consensus, similar to that in Los
Angeles, that it should be repaired quick-
ly—the Cypress Freeway, an older double-
deck freeway, failed over a considerable
portion of its length, causing many fatali-
ties. Rescue operations continued over
several weeks before demolition started,
and a study group began investigating the
causes of failure.

Before the study was completed, cit-
izens’ groups that had opposed the free-
way’s construction decades earlier re-
mobilized to oppose its replacement along
the same alignment. Soon, a viable oppo-
sition arose, influencing local politicians
to demand an entirely new route. Today,
the freeway has not yet been completed

atthe newlocation. In comparison, breaks
in the Los Angeles system were repaired
within a year.

Similarly, the Embarcadero Freeway
on the San Francisco waterfront, which
was damaged in the Loma Prieta quake,
was an extremely controversial structure
that had never been finished. A ballot
proposition to remove the Embarcadero
Freeway was narrowly defeated in 1986
and communities remained deeply divid-
ed about its future. After the 1989 quake,
it was torn down and a waterfront at-grade
highway plan was adopted to replace the
elevated freeway.

Los Angeles further revealed its hor-
izontal integration when local agencies
provided transitalternatives to automobile
transportation during the reconstruction
period. A regional commuter rail system,
Metrolink, uses existing rail rights-of-way,
including lines near several failed >
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FIGURE 1

Maximum number of days allowed by the contracts
compared to the days bid and fo the actual days for
the completion of all A+B contracts.

Source: Data from FHWA et al. 1995
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freeway bridges (two that stood in rugged terrain where few alternate highway routes
existed). The county transportation commission, along with Metrolink and many other
organizations, arranged for speedy expansion of rail service, borrowing railcars from as
far away as Washington state, and extending service beyond pre-earthquake limits. Several
cities built simple new rail stations, often complemented by publicly provided van and bus
shuttles that traveled between stations and employment centers.

Local agencies augmented transit services in an amazingly short time—in just days
or a couple weeks. Although increases in bus and rail patronage after the earthquake
were rather small on some routes, or large but short-lived on others, the immediate
changes showed the potential for effective local response.

Despite initial earthquake-related power failures, the city of Los Angeles ultimately
used its Automated Traffic Signalization and Control (ATSAC) system to facilitate dra-
matic changes in traffic flows along arterial streets near some of the closed freeways.
The ATSAC system monitors traffic flow through sensors buried in the pavement and
alters traffic signal timing in response to changing traffic volumes. Its effectiveness
after the earthquake convinced citizens and politicians of the system’s vast capabilities.

In selecting and forming the 110 contracts for the engineering and construction of
highway repairs, officials showed unusual flexibility. To spread the economic benefits
of the reconstruction program widely, only one contract was permitted per contractor
for each task. The city far exceeded its goal of hiring at least 20 percent minority or dis-
advantaged contractors.

The ten largest contracts, responsible for over 60 percent of the total dollar value
of all contracts, employed an innovative “A+B” contract format, which proved very use-
ful in this time-sensitive work. The “A” component involved a bid by the contractor for
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materials and labor and specified a completion time. The “B” por-
tion comprised specified bonuses the contractor would receive
by completing the work earlier than the proposed time, as well
as penalties the contractor would pay for each day of delay.

The value of the bonuses and penalties differed for each pro-
ject based on the daily social value of having that highway link in
operation—calculated by multiplying the pre-earthquake daily
traffic volume by the time delay per user resulting from the dis-
rupted facility, multiplied by an estimated value of travelers’ time.

The “A+B” format resulted in some controversy. One con-
tractor bid a very low “A” amount for reconstructing the Santa
Monica Freeway (I-10)—probably well below the actual cost for
materials and equipment—and won the contract. Subsequently,
the contractor worked day and night, managing to rebuild the
freeway in just 66 days, much faster than the 140 days specified
in the contract. The bonus for early completion was $13,800,000.
Some frugal politicians complained that taxpayers had been taken
to the cleaners. Still, the Santa Monica Freeway was open to traf-
fic months earlier than expected, presumably saving travelers the
equivalent of $13,800,000 in the value of their time.

CONCLUSION

The Northridge earthquake tested the vulnerability of Los
Angeles’s transportation system both structurally and functional-
ly. While transportation planners and engineers responded to this

FURTHER READING

earthquake effectively, this was not the “big one” predicted to
occur in Los Angeles within the next few decades. Should anoth-
er major earthquake occur at a different time of day and at a dif-
ferent location, the resulting damage, injury, and disruption may
be very different from the losses experienced in 1994.

After the Northridge quake, the City of Los Angeles
Emergency Operations Board approved amodified “Recovery and
Reconstruction Plan,” containing policy statements and imple-
mentation plans that reflect lessons learned from the Northridge
experience. It provides guidance, but the language is general and
advisory, because a generic plan cannot precisely anticipate the
best ways to deal with an earthquake of unknown magnitude,
which may occur at any time and place.

An effective response will depend on thousands of specific
acts by people in different agencies at many levels of government
and in the private sector. Like individuals in our communities,
institutions tend to abandon their prior patterns of conflict over
resources and indifference toward one another, quickly becom-
ing cooperating partners. The Loma Prieta and Northridge expe-
riences suggest that transportation organizations possess far
greater technical skill, organizational capability, and willingness
to cooperate than are apparent in normal times. As with individ-
uals, disasters seem to bring out the best in communities’ capac-
ities to cope. &
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The Access Almanac:

AUTOS SAVE ENERGY

The October 1973 oil price shock made everyone realize how much

energy Americans use for transportation—over a quarter of total

U.S. energy use (Table 1). By 1993 energy consumption for trans— ,

portation reached 22.83 quadrillion BTU (British thermal units), of

which over 70 percent was used for passenger travel. Not surpris-

ingly, automobile travel accounted for over 40 percent of all energy
expended for transportation (Table 2).

Something has to be done. Many believe we’'d conserve ener-
gy if more people would use transit. The American Public Transit
Association estimates that, in terms of ﬁlelyefﬁ‘ciency', one bus With

only seven passengers equals one auto. One full bus equals six autos,

and one full rail car equals fifteen autos! Transit’s potential to save

energy seems promising. But there is one problem: how to fill those
buses and rail cars with passengers. People have to be lured out of
their comfortable automobiles. So, buses and trains have been fit-
ted with air conditioning and other amenities fhat use extra energy
but make them more attractive. Still, not enough riders are coming.
Thus the number of passengers in each transit vehicle is falling, mak-
ing transit less energy efficient.

In 1975 Congress set corporate average fuel economy (CAFE)
standards to make new cars sold in the United States more energy
efficient. While transit failed to get more passengers on board, the
CAFE standards worked to reduce gallons of fuel per passenger
mile of automobile travel. Now cars are more energy efficient than
transit (Table 3). In 1980 the U.S. Department of Energy found that
automobiles used an average of 4,782 BTU of energy per passenger
mile—1.7 times more than buses and 1.6 times more than rail. But
by 1993 the average auto consumed only 3,593 BTU per passenger
mile. Compare this with buses, which used 4,374 BTU per passen-
ger mile, and rail, at 3,687 BTU per passenger mile.

So, should government now encourage people to use cars to
save energy? Or is there a way to reverse the trend toward single-

occupant automobiles and attract more passengers into transit?

—Sharon Sarmiento

TABLE 1

TOTAL | TRANSPORTATION | PASENGER TRAVEL

(quad BTU) (quad BTU) % of total | (quad BTU) % of transport §
% o s 138 106
i Bl Ll 137 102
192 08s 0 1901 % 136 7113
193 | o2 0 13wy 138 121
- 1894 MM | D %1 141 712
1985 T e T m WA i
1986 . 140 | N8l 280 150 721
e ey o NS Ny 152 109
1988 02 | N3 28 B3 85
1989 | 8133 s uI 157 696
1990 nm . Dy 271 158 101
199 iz B H3 154 696
1992 81 2245 3 , 159 108
1998 | 839% | 2283 2.3 : 163 N4

Source: Transportation Energy Data Book, U.S. Department of Energy, 15th Edition, Table 2.6, p. 2-12;
Table 2.19, p. 2-31. o L e

TABLE2

1993

o Tril. BTU % share Tril. BTU % share
AUTOMOBILES s Q09 ] 939 W7
MOTORCYCLES B8 01 U7 0.1
TRANSITBUSES 81.0 04 0 we 0
OTHER BUSES 93.2 0.4 . 94.1 0.4
TRUCKS | By By 79252 4
OFF HIGHWAY 665.2 2 | 706.5 31
AIR MODES 19708 8.7 o 19859 8.7
FREIGHT RAIL 425.1 19 381.6 1.7
TRANSIT RAIL 40.9 0.2 422 0.2
COMMUTER RAIL 220 0.1 214 0.1
INTERCTVRAIL | 1 o 18 0
TOTAL TRANSPORT 22,2609, 100.0 23,0517 100.0

Soﬁr?e: Transportation Energy Data Book, U.S. Department of Energy, 15th Edition, Table 2.9, p. 2-16.
TABLE 3 L
AUTOMOBILES | TRANSIT BUSES ‘RAILTRANSIT
BTU per BTU per | BTU per BTU per BTU per

YEAR vehidle passenger vehidle passenger passenger
mile mile mile mile mile

190 | 8,130 4,782 3,55 2813 3,008
1981 | 7,8% 4,644 37745 300 2,946
192 | 7558 4M6 | W76 30 3,069
1983 | 7314 4,302 791 377 3,112
1894 | 7,031 473 | 3507 32 3,731
1985 | 6880 4047 |62 2420 3,461
1986 | 6853 4,031 0869 3512 3,531
1987 | 6,530 3841 8557 3542 3,534
1938 | 6275 3,598 12 3475 3,585
1989 | 6095 3809 36,583 3711 3,397
1990 | 5983 3,739 %647 3B | 3453
1991 | 5767 3,604 36,939 3811 3710
1992 | 5738 3,586 IO 3970 3,575
1993 | 5748 3,593 9081 4374 3,687
AVERAGE ANNUAL PERCENTAGE CHANGE

198083 35 35 13 42 23
198493 24 9 44 16

Source: Transportation Energy Data Book, U.S. Department of Energy, 15th Edition, Table 2.15,
p- 2-25 (series not continuous between 1983 and 1984 because of a change in American Public Transit
Association data source),
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