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Abstract

Thus article examines the role that economics can play in analysing problems with urban
transportation 1 the United States The specific problems addressed are failing infra-
structure, financially weak public transit, environmental mmpacts of motor vehicles, motor-
vehicle accidents, and traffic congestion Simple quantitative analyses, even though
approximate, can help to focus attention on the most promusmg classes of policies Those
classes involve some technolegical measures and some narrowly targeted behavioral
changes, but rot the widespread curtailment of motor vehicle use © 1997 Elsevier
Science BV

Keywords Transportaion policy, Environmental impacts, Congestion, Automobile costs,
External costs

JEL classificanon R40, H23

1. 1. Introduction

Economic arguments often play an umportant role mn the formulation of
transportation policy For example, economusts have greatly mfluenced regulatory
pohcy m the Umted States, as documented by Winston (1993). this has
encouraged widespread deregulation of intercity transportation services, as well as
a number of other industnes, over the past twenty years While urban transporta-
tion has been less mnfluenced by this movement than has intercity transportation, 1t
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has by no means been exempt, as exemplified by experiments with bus deregula-
tion, privatization of transit services, and road pricing

In examumng the deregulatton of mtercity transportation, Winston emphasizes
the role of quantitative calculations in persuading policy makers to adopt reform
He also examunes the role of sophustication 18 model building, finding that the
predictive accuracy of the economic analyses that were done depended not on the
complexity of the analytical models used, but on whether or not major structural
adpustments (such as the development of hub and spoke air networks) were
anticipated and included mm the models. Thus 1t is often the mcisiveness of the
economuc insight, not the completeness of its elaboration, that 1s most crucal
Furthermore, the persuasiveness of ecomonuc analysis to policy makers may
depend more on the credibility of such simple arguments than on the more
complex modeling efforts that qute nightly mfluence professionals

In thus paper, I examine how economic analysis can elucidate some well-known
problems of urban transportation 1n the United States (1) failing mfrastructure, (2)
financially weak pubkc transit; (3) environmental impacts of transportation, (4)
motor-vehicle accidents, and (5) traffic congestion In each case I argue that basic
economic arguments can help steer policy away from umproductive directions
Furthermore, relathvely simple quantitative calculations can play an mmportant role
in understanding some of these problems and i defining the categories of potential
policy responses to them that are most promising

2. Failing infrastructure

Winston and Bosworth (1992) provide an insightful survey of the state of U.S
pubhc wnfrastructure Over the past two decades, the nation has seen a sharp
decline 1n the percentage of its gross national product (GNP) devoted to gross
mvestment 1 mfrastructure, from nearly four percent mn the late 1960s to 21
percent m 1950 The total value of the capital stock has declined similarly as a
percentage of nattonal product, from 49 percent of GNP m 1970 to 41 percent 1n
1990 These dechnes have occurred “at all levels of government and .. across a
broad range of different types of capital’ (Winston and Bosworth, 1992, p 268)
One of the largest categones affected by these trends 1s tramsportation mnfra-
structure, especially roads, and one of the most visible manifestations of these
trends 1s the physical detenioration of highways, bridges, and subways

Some of these dechines are natural reductions from a peak in mfrastructure
expenditures that occurred during the 1960s due to rapidly mcreasing school
enrolments, suburbanization, and the beginning of an ambitious nterstate mghway
system Nevertheless, there 15 considerable evidence that umproving the pubhic
mfrastructure would now have a high rate of retwrn This evidence includes
macroeconomic studies of the relattonship between public mfrastructure and
productivity (Munnell, 1992) and microeconopuc studies of the costs and berefits
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of specific mvestments (U S. Congressional Budget Office, 1988). Gramhch
(1994) providss a cautious and msightful review of evidence and policy implica-
tions

A conclusion drawn by many 1s that the Umted States needs to spend more on
public infrastructure In fact, the nation 1s already moving in that direction since
its low point in the early 1980s, investment 1n public infrastructure has risen, as a
fracion of GNP, from 20 percent to about 2.25 percent, core mfrastructure
spending in particular has increased substantially 1n real terms, from about $21
billion to $32 billion (1992 dollars) 1 the case of roads' For highways and
bridges, it seems that current spending levels, if mamtammed as a fraction of GNP,
would be sufficient to maintamn condifions as they were m 1989. Thus still leaves
some sigmificant deficiencies, but at least 1s a better prognosis than a few years
ago The mos' recent federal hughway legisiation, the Intermodal Surface Trans-
portation Efficiency Act (ISTEA) of 1991, should continue and perhaps accelerate
the trend toward larger capital expenditures on highways

However, there 1s little guarantee that these new expenditures will be targeted to
those measures that are most useful A large portion of nsw spending m ISTEA 1s
for special highway projects, a category heavily dependent on political considera-
tions and with a poor track record (Winston and Bosworth, 1992, p 287) High
federal shares and biases in favor of capstal intensive projects have been
demonstrated 1o cause mefficiencies 1t a vanety of types of mfrastructure projects,
especially mass transit. Often projects are distributed widely 1n order to achieve a
politically viable distnibution of expenditures, rather than targeted to those areas
where rates of return are hughest.

Furthermore, pricing policies often cause infrastructure to be built to accommo-
date mefficient numbers and mixes of users (Wmston, 1991) In the case of
highways, capacity must accommodate peak traffic volumes that are unrestraimned
by any significant pricing, these volumes are further infiated by employer-provided
parking subsicies, which are mn turn strongly encouraged by the federal tax code
and by many mumcipal planning ordinances (Willson and Shoup, 1990) Further-
more, a lack of pricing incentrves on heavy trucks causes them to 1mpose damage
to pavements that could be greatly reduced with relanvely mexpensive reconfigu-
rations of their axles Small et al, 1989} In the case of awports, landing fees that
bear hittle relationship to use of scarce peak runway capacity result i toc many
flights at peak hours and too many small private aupianes clogging the busiest
commercial airports (Morrison and Winston, 1989)

Research suggests that optimizing mvestment strategies and better managing the
wnfrastructure through pricing can create measurable and very large reductions in
the cost of providing any grven level of infrastructure services For example, Small

'Winston and Bosworth (1992), Figs 8-1, 8~2, nflated to 1992 pnicss using consumer price mdex
for all stems, frora U S Bureau of the Census (1993), table 756
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et al. (1989, p. 53) identify annual cost reductions for the US road system,
excluding bridges, that amount to $11.3 bilhion at 1992 prices Therefore the
effecuive amount of useful mnfrastructure can be substantially increased without
necessarily increasmg the long-run costs of mnvestment

3. Financially pressed mass transit

Mass transit service 1n the United States, poor as it 1s compared to Europe.
absorbs enormous subsidies — about $13 5 billion m 1993, roughly a twelve-fold
increase 1n real terms smce 19707 About half of this mncrease occurred during the
1970s and was a source of local and state fiscal crises (Pickrell, 1983).

Transit subsidies have attracted considerable attention from professional
economusts, and as a2 direct result the mgredients for understanding this phenom-
enon are at hand First and foremost, as Mohring (1972) has shown, public transit
(ike any service performed in batches) 1s subject to sharply increasing returns to
scale when one takes 1nto account the value to users of higher route density and
service frequency. If demand on a particular corndor rises, the tramsit provider
serving that corridor can respond mm one of several ways If vehicles are not fully
occupied, or if larger vehicles can be operated at little additional cost. the provider
might choose to handle the extra passengers simply by mamtammng the same
routes with the same service frequency, allowing average cost to dechne.
Alternatively, the provider can increase route density and/or service frequency,
which produces cost savings to passengers m the form of less walking or waiting
time In exther case, total average cost (to provider and users) dechines. A different
way of putting the same pomt is that given a particular level of service, as
measured by the density of routes and the frequency of vehicles on a given route,
handhng an additional passenger costs Litfle extra because it does not necessitate
extra vehicles or drivers From the pomt of view of economic theory, this is the
primary justification for transit subsidies Nash (1988) offers a clear formal
exposition of this argument and an enhghtening apphication of 1t to policy toward
prnivatization of transit

This property of increasing returns to scale, however, greatly limuts the viability
of mass transit i the Umted States because population density there 1s so low For
example, the US population 1s about the same as the combmed populations of
Germany, Italy, the U.K., and France, but 1t occupies more than six times the area
(U S Bureau of the Census, 1995, table 1361} It 1s no surprse that thus relative

*The figure quoted 1s total expenses munus cperating revenues, from US Bureau of the Census
(1995, table 1046) and (1981, table 1101) The twelve-fold increase 1s calculated after deflanng by the
consumer price mndex for all riems, from US Bureau of the Census (1995), table 761
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abundance of land 1s reflected m lower urban densities? although of course history
also plays & role 1n that comparison In addmon the U.S, ke other nations, has
seen the antomobile capture a rapidly increasing share of trips This exacerbates
the difficulty 1 finding comdors with passenger densities sustable for successful
mass transit Service.

Failing to recogmize these facts, policy makers m the United States bave tried to
mcrease transit patronage by expanding transit service far mto suburban areas
precisely where 1t has the least market potential Meanwhile, they have failed to
take full advantage of two of transit’s most natural merkets (Meyer and Gomez-
Ibanez, 1981, ch 3) low-income inner-city residents, who have been relatively
neglected as a market, and high-income commuters to central business districts,
who have been served by building new rail transit lmes, an extraordinarily
expensive method m most locations where it has been adopted in recent years The
results have been disappointing nidership and debilitating subsidies Furthermore,
the subsidies appear to have encouraged dramatic increases in management
personnel and m umon wage rates, simultaneous with a substantial fall i labor
productivity as measured, for example, by vehicle-hours per driver-hour (Pickrell,
1983, Lave, 1991)

One possible response to high subsidy costs 1s to radically change the
stitutional structure of mass transit through privatization Economusts have taken
an active and constructive role mn analyzing private markets for mass transit
services ancl 1 predicting the impacts of vanious proposals (see Small, 1992, pp
143-151, for a review) A wide vanety of expeniments 1z Brtam, the United
States, and eclsewhere are providing a wealth of data to test these ideas (Dodgson,
1991; Talvinie et al, 1991, Bamister et al , 1992, Gomez-Ibanez and Meyer, 1993,
Whaite, 1995) While economists are far from reaching consensus on all the details,
this work has narrowed the range of controversy considerably. mamly to how
extensively and in just what contractual form pnvate firms should be brought mnto
the picture. For example, debate continues on how successful deregulation of
Briush bus transit has been, but 1t 1s widely agreed that 1t has lowered costs and
that competitive tendering for services, as practiced 1 London, reaps many if not
all of the cost savings of more complete deregulation It 1s also widely agreed that
bus transit 1s not a perfectly contestable mdustry, leaving at least some scope for
monopoly pricing under full deregulation

*Defimave compansons of urban densibes are mmpossible due to the difficuity of defining
comparable urban areas One attempt 1s made by U S Bureaun of the Census (1993, table 1377), whach
defines an urban area as a continuous built-up area including locations with population density at least
5000 per square mile Among the world’s 50 most populous urban areas by this criterion, those 1n
Europe and the United States had 1992 population densities (1n thousands per square mile) averaging
27.2 and 9 4, respectively The densities of the mdividual cities, in decreasing order of total population,
were New York {11 5), Moscow (27 8), Los Angeles (9 1), London (10 5), Pans (19 9), Essen (10 7},
Chicago (8 5), Milan (13 7), St Petersburg (33 4), Madnd (69 3), Barcelona (48 5), San Francisco
(9 4), Manchester (11 2), and Pnladelphia (8 4)
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Another possible response 1s to shift the responsibility for providing tramsit
subsidies to local governments, m hopes that local taxpayers will discipline the
transit agencies to provide only cost-effective services Economusts could be more
proactive here by further developing techniques to weigh the theoretical benefits of
subsidies against the leakage of benefits that can occur, due for example to the
hgh marginal cost of raising public funds or to wasteful expenditures

One distnbunional consideration 1s especially mm need of more economic
evaluation. How should we transport people who cannot drive? With the leading
edge of the US “baby boom™ now hitting 50 years of age, 1t will not be long
before that question takes on greater prominence

Table 1
Some typical short-run average varable social costs of urban automobile travel Umted States, 1992
Type of Cost Cost
($ per vehicle-mule n 1992 U S prices)
(1) Runming costs 0075
(2) Vehicle capital 6204
(3) Tume 6152
(4) Scheduvle delay 0083
(5) Accidents 0110
(6) Parking (CBD fringe) 0 150
Total
‘Without parking 0624
With parking 0774

Source Small (1992), table 32, p 84, revised as follows

(1,2,6) 1989 pnices are here updated to 1992 prices using consumer price mndex components for private
transportation (categories 1 and 6) or new vehicles (category 2), from US Bugreau of the Census
(1993), table 758 (Taxes are excluded Parking cost assumes a 17-mule round mp)

(3) Wage rate 1s here taken as average 1992 wages and salanes per hour worked, private mndustry
workers [$11.58 per hour, from U S Bureau of the Census (1993), table 677], adjusted by the ratio of
metropolitan to all-U 8 average annual pay {1 047, from U 8, Bursau of the Census (1993), table 670]
(Figures are for single occupant, valued at half the wage rate, assurung speed 40 pules/hr)

(4) Updated to reflect the lngher value of time ($6 05 per hour) 1ophied by note (3) compared to that
($4.80) used n Small (1992) (Schedule delay cost 1s the inconvemence of amving at work before or
after the preferred time, estimated at the equivalent of 7 mznutes of trave] time per one-way trip for the
average member of a sample of commuters to San Francisco and Oakland, Califorma. Per-mile value
assumes one-way trip length of 8 5 mules )

(5) Accident costs 1n Small (1992) were for 1980 accident rates, expressed m 1989 prices, assurung a
1989 value of life of $4 0 mulion They mclude admsmistrauve costs of the insurance system Here they
are adyusted for the rauo of 1992 to 1980 fatality rates [0 55, from U S Bureau of the Census (1995),
table 1033], and for the rauo of 1992 to 1989 hourly earmngs [$11 58/810 38, from U S Bureau of the
Census (1993, table 677) and (1991, table 684)] to reflect the presumed 1ncrease n value of hife and

myury
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4. Environmental effects of transportation

The effects of transportation on the environment constitute an enormous subject
with a high political profile It 1s treated, for example, by Bamster and Button
(1993) Perhaps 1n no other area of transportation policy have writers discussed so
passionately the role of motor vehicies

In order to provide a quantitative background for this and the next two problems
considered, I hist m Table 1 some estunates of typical costs of drving an
automobile in urban areas in the Umted States. The figures are intended to
represent average social costs, they therefore exclude taxes and the marginal
externality costs associated with congestion. They also exclude environmental
costs, due to the great uncertamnties 1n estimating them However, several quite
sophisticated studies attempt to estimate certain categories of environmental costs,
notably arr pollution and global warming The argument that follows is restricted
to these two categones of environmental effects

Estimates of awr pollution costs use a vanety of methods including direct
assessment of health costs, statistical correlations between air pollution and
mortality, surveys asking people how much they value specifically described
environmental amenities, and statistical studies relating air pollution to residential
property values. The resultng mplications for aggregate costs from the pollution
caused by gasolie-powered vehicles in the United States appear to be on the order
of $10-50 billion per year for the early 1990s* This 1s approxmately $0 007 to
$0 037 per vehicle-mile, or roughly $300 to $4400 over the life of each car®

“This 18 my assessment of the most reasonable range for damages resulung from all emissions of
carbon monoxide, hydrocarbons, and mitrogen oxides (including secondary products such as ozone),
which may be taken as roughly representing the problems caused by gasolme-powered vehicles The
figures given are oughly the central values found in a vanety of often conflicting studies For example,
Small, 1977, estimates 1970 U S costs from these pollutants at $5 38 tulhion, but uses a value of hife
substantially lower than current estimates based on labor-market behavior toward risk (Small, 1992, p
83) US Federal Highway Admmmstration, 1982, p E-47) uses estimates, denved from Haugaard,
1981, that sum to $25 billion for 1981 Krupnick and Portney, 1991, p 524), on the other hand,
estmate only $0 25 to $1 0 billzon i benefits from a 35 percent reduction in reactive hydrocarbon
enussions The Los Angeles region, where ozone 1s & sertous automotive-related air-guality problem.
typically accounts for a substantial fractton of such estimates, recent estimates of the health costs of
exceeding the federal ozone standards in the Los Angeles region range from $0 3 bilhon (Krupmck and
Portney, 1991) to $2 7 bithon (Hall et at, 1992, Small and Kazimi, 1695)

*Based on the assumption that all economuc damages are from emissions mn urban aress, and the
estimate of 1363 billion vehicle-miles of urban travel mm 1992 [AAMA (1995), p 65} I also assume
average vehicle I etime muleage of 120 000 mules, thus 1s a downward adjustment from what would be
calculated from the average vehicle usage of 12 458 mules (iud, p 64) and an average vehicle Iife of
12 years, which 15 the median retirement age of a 1979 model car as calculated from thid , p 39, the
adjustment being required because newer cars are more numerous m the vehicle population and are
dniven more than older cars Small and Kazimi (1995) estimate the costs of automotive emissions 1
Southern Cahforma, whose population density, topography, and chmate mdke pollution especially
severe, to be $0 03 per nule using mud-range assumptions
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Clearly these magnitudes allow for the possibility that a noticeable mcrease 1n the
price of a car could be justified for technology that elrmunated many of these costs
On the other hand, the per-mile cost estimates are not very large compared to those
categonies reported in Table 1 that are now prnivately borne, charging externality
taxes based on these estimates would therefore not make much change m the
overall private cost of driving, so would not mduce much reduction 1n automobile
use

Giobal warming due to the greenhouse effect 18 more difficult to analyze
because the magmtude of the effects are so dependent on poorly understood
scientific relattonships, and the chuef economic 1mpacts are far in the future Cline
{1991} and Nordhaus (1991b) provide excellent reviews. It is clear that current
carbon dioxide emissions may disrupt the future climate, but any cost estimates are
highly speculative. Instead of using such cost estimates, I consider estimates of the
shadow value of carbon dioxide emissions in scenarios where political decisions
require specified reductions The reductions considered are substantially more
stringent than any decisions taken so far

Nordhaus (1991z, p. 50) finds that a pohcy that reduces carbon dioxide
emussions by 50 percent from thewr projected base path, at each pomnt m time,
would entail 2 marginal cost of carbon abatement mn the nexghborhood of $143 per
ton (30 16 per kilogram) of carbon removed This is nearly twice as large as a
carbon tax that was proposed m the European Community m 1991 (Du Bois,
1992) Manne and Richels (1992, pp 51, 59, 60) estimate the marginal value of
emussion rights that would prevail in a rather different curtailment scenario one m
which the U.S mamtains its carbon dicxide emissions at their 1990 rate for ten
years, reduces them gradually to 80 percent of that rate during the next ten years,
then stabilizes them at that lower level The shadow value begins at about $140 per
ton carbon, then oscillates and eventually stabilizes at $208 per ton Clme (1992,
pp 54-61) finds thus to be near the upper end of the range of values produced by
several models reviewed.

I therefore take $140-$208 per ton (1990 prices) as representing a reasonable
range of estimates of the shadow value of carbon emussions under foreseeable
mternational agreements or domestic political decisions Updated to 1992 prices,
these figures are equivalent to $045-30 67 per gallon of gasoline, or $0 021~
$0.031 per vehicle-mile This 1s similar to the range quoted above for the costs of
conventional air pollution

‘What would happen if these estumated social costs of pollution and shadow
value of carbon dioxide ernissions were charged to users through fuel taxes? Domg
so would rase the average fuel tax within the Unsted States by $0.63-$1.50 per

“Based on ome ton carbor content for every 335 gal refined petroleum product, calculated from
Manne and Richels (1992), p 59, and 1992 average fuel consumption of 1 gal per 21.7 mules, from
U S Bureau of the Census (1995) table 1042 Prices are deflated by the consumer price index for all
items, from U'S Bureau of the Census (1995), table 761
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gallon, a sharp mcrease from ts current value of about $0.35 per gailon (U.S
Bureau of the Census, 1993, table 1015) Nevertheless, 1t would leave U S. fuel
taxes well below most European levels (Pucher, 1988) European fuel taxes, while
no doubt curtailing automobile use somewhat, have not prevented it from growing
at about twice the U S. rate for two decades (Pucher, 1995)

These cost estumates, then, crude as they are, support two conclusions First,
people place a high value on the environmental impacts of motor vehicles, as
measured by willingness-to-pay to reduce the known health effects and to adopt
measures to forestall the unknown but potentially devastating climatic effects But
second, this value appears to be well below that which would ndicate a
willingness to reverse the longstanding shift toward high levels of automobile
ownership and use Substantial expenditures to reduce air emussions from
automobiles may be justified by quantitative econonuc analysis, but dracoman
measures to reduce the use of motor vehicles are not

Fortunately, there is no real dilemma 1n this position. Direct measures, both
technological and behavioral, exist which could greatly reduce the environmental
effects of motor vehicles without having much effect on their overall use For
example, there 18 strong evidence that a small fraction of cars cause a dis-
proportionate fraction of emissions of air pollutants,8 hence a rather small effort to
improve mspection and mamtenance of the hghly sophisticated pollution control
devices on cars would probably greatly reduce automobile emissions (Glazer et al,
1965) The fuel efficiency of new cars i the US has been greatly improved at
acceptable cost, under the pressure of fuel price increases and the mandate of
corporate average fuel economy (CAFE) standards Narrowly targeted restricuons
on motor vehicies, such as bans m selected areas with high pedestrian potential,
can control some of the worst pollution and noise nnpacts without substantially
changmg the role of motor vehicles m urban hife

5. Motor-vehicle accidents

Motor-velucle accidents accounted for about 42 000 deaths and anywhere
between 2 0 mathon and 5 7 million injuries 1n the Unsted States m 1993° They are
the leading cause of death for people aged 1 to 24 '° Motor-vehicle accidents are

"Adding the lower bounds of pollution and globa! warming costs Just estsmated yields $0 008 +
$0 021=$0 029 per nule, and addmg the upper bounds yiclds $0 038+ $0 031 =$0 069 per mle These
two numbers are converted to an equivalent fuel tax by multplymg by average fuel economy of 21 7
mules per gallon

See Stedman and Bishop (1990}, Lawson et al (1990), Calvert et al (1993)

*US Bureau of the Census, tables 1011 and 1033 The lower mgury figure 15 attmbuted to the
National Safety Council, the Ingher to the Insurance Information Institute

*US Bureau of the Census (1995), table 127
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therefore a significant public-health problem, just as they are i western Europe
where fatalities per vehicle-mile traveled are somewhat higher '’

Yet motor-vehicle accidents do not seem to have stimulated the same kind of
public response as some less easily measured problems such as the health mmpacts
of diet, exercise, or environmental pollutants. For example, certain suspected
carcinogens, such as chrysotile (a form of asbestos) and the less-chionnated forms
of polychlorinated biphenyls (PCBs), are subject to extremely sirict regulation
despite lack of agreement within the scientific community on whether they pose
any significant public-health nisk (Stone, 1991, Abelson, 1991). Why i1s there
public support for dracoman measures to it the use of unproven carcinogens,
while practically no support for comparable measures to It the vse of motor
vehicles?

As another mdication of the puzzle, the per-mule accident costs shown mn Table
1 are considerably larger than the admittedly uncertain estimates of environmental
costs discussed earlier The figure of $0 110 per mule ($0 068 per km) includes
msurance overhead and a measure of willingness to pay for reduction in nisk of
death The latter mcorporates a valuation of $4.5 mullion per statistical kife, based
on measured willmgness to pay for small changes 1n occupational safety, 1t
excludes any stmuar consideration for mjuries, valuing them at just medical costs,
so 18 probably a conservative estimate [A moderately hmgher estimate of U S.
accident costs 1s obtamned from a siudy of 1988 accidents by Miller (1993)]

It 1s apparent from the table that these accident costs, while substantial, are not
so large as to overwhelm the other costs that people voluntarily bear when driving
automobiles For example, they are only 21 percent as large as the first four
categonies shown i the table, which exclude parking or motor-velucle taxes.
Therefore, we mught expect that if drivers were faced more directly with these
accident costs than they are now, they mmght take greater measures to reduce
accidents, but these measures would not mclude drastic curtailment of automobile
use Recent marketing trends in the automobile mdustry confirm that customers are
willing to put up substantial sums to mmprove safety, for example by paymng for
antilock brakes, air bags, and other safety features (McCarthy, 1990, Calfee and
Winston, 1993, Mannenng and Winston, 1995)

If this 1s so, what justification 1s there for any government intervention? There
are at least three arguments First, the widespread use of msurance reduces the
mdividual’s mcentive to pay voluntanily for safety measures that would reduce
accident costs Second, because msurance rates bear only an mdirect relationship
to the amount of dnving, the mnsurance system may be causing drivers to perceive
what really 1s a vanable social cost (accidents) as a fixed private cost (insurance)
Finally, a considerable fraction of accident costs, perhaps half, are external to the
mdividual driver, borne nstead by pedestnans, bicychists, occupants of other
vehicles, the public-health system at large, and publicly financed police depart-

VAAMA (1995), p 94
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ments and court systems (Vickrey, 1968, Newbery, 1988; Jansson, 1994). (Of
these three categories, the interuser externality 1s a marginal externality cost not
included 1o Table 1, the others are social costs mcluded in the table but not m
drivers’ private cost calculations)

It 1s difficult to translate such considerations into optunal user charges, because
accident externalities are addressed in complex ways through tort law, criminal
law, and insurance regulation (Boyer and Dionne, 1987) Nevertheless, we can
obtain some mnsight into the maximum potential behavioral impacts of such user
charges Suppose an extreme case. that none of the average accident costs 1n Table
1 are now perceived by users as vanable costs, and that all of them are
mcorporated mto a new mandatory nsurance program paid for through a fuel-tax
surcharge. This would be a more drastic version of *‘pay-at-the-pump’’ proposals
for insurance reform currently being considered 1n the 1.S., although 1t still would
not mternalize the mteruser externality At current rates of fuel consumption, such
a policy would add $2 47 per gallon ($0 63 per liter) to gasoline prices While this
figure 1s higher than those discussed mn connection with air pollution and global
warmung, it still does not differ greatly from fuel-price differentials between the
United States and several European nations {U S Bureau of the Census, 1995,
table 1400) A deterrent of thus magmitude might make a noticeable difference n
motor-vehicle use, but the European experience suggests that it would not place a
permanent brake on its growth

I conclude that even 1n the absence of other measures to reduce the danger of
accidents, charging people the social cost of accidents would lead at most to only
moderate changes m overall use of motor vehicles. But 1n fact, reducing overall
automobile use 15 a very clumsy way to address the specific problem of motor
vehicle accidents, just as it 1s to address air pollution Experience shows that at
costs far less than the value people place on automobile travel, technological or
behavioral measures to reduce accident rates and their sevenity can be put m place
This 1s 1n fact exactly what is happemng m the Umted States Many road
1mprovements have been made with traffic safety as an objective. Increasingly
stnngent safety regulation has added $1000 or more tc the price of a car to make 1t
safer ' And 1 a reversal of traditional opposition to “‘social engineering,” federal
mcentives have induced most states to raise the legal drinking age to 21 m order to
reduce automobile accident rates among teenagers Many states have also
strengthened laws agamst driving while drunk. Apparently, such measures
affecting roads, velucles, and drivers are effective. the rate of traffic fatalities per

“Crandall ot al (1986, table 34, p 37) estumate the cost of safety regulanon (includmg bumper
standards and related extra fuel consumption) at $609 per car (1981 prices), for standards effective with
1984 model automobrles 1n the US Inflating thus by the consumer price mndex for all items (US
Bureau of the Census, 1993, table 756) brings the cost to $940 per car i 1992 pnces Additional
regulations have been put m place since 1984, notably passive seat belts and driver-side air bags
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vehicle-mile in the US has fallen by more than 50 percent in the last two
decades '

Given the magnitude of the accident costs that reman, 1t seems highly likely
that additional such measures are warranted. Further restrictions on drivers’ use of
alcobol, which accounts for a large proportion of accidents, seem especially
promusing If safety 1s an imncome-elastic good, we can expect that the development
of further safety measures will be a continuing process as economic growth
proceeds.

6. Traffic congestion

Traffic congestion is one problem of urban transportation for which there is a
solutton with a strong consensus among transportatton econormists That solution 1s
congestion pricing of lighways, which means imposing charges on moving traffic
for the exphcit purpose of managing congestion It therefore entails charges that
are high during peak periods, and much lower off-peak. Despite severe political
drawbacks, congestion pricing is today among the tools sertously considered by
transportation planners.

As a result, the traditional academic Iiterature on congestion pricing has now
been supplemented by extensive analyses of the technmical, admimstrative, and
pohitical prospects for practical implementation (Hau, 1992, May, 1992, U.S.
Federal Highway Adrmumstration, 1992a, Nauonal Research Council, 1994,
Gomez-Tbanez and Small, 1994) In what follows, I attempt to synthesize these
research findings nto a few key conclusions

6.1 Conclusion 1 congestion pricing would promote good urban
transportation

This statement expresses the belief that the theory developed by Pigou (1920),
Knight (1924), Boteux {1949), Walters (1961), Vickrey (1969) and others does i
fact apply to real highways, and that most of the predicted efficiency gams would
occur even in a world with imperfect mstituttons for mmplementing 1t

Urban mobility m many parts of the world 1s degraded by the enormous
amounts of time unnecessanily wasted m traffic jams. For example, on the San
Francisco-Ozkland Bay Bnidge, aggregate time spent in congestion delay each
weekday 1s estimated to have grown from 4730 vehicle-hours m 1984 to 10 080
vehicle-hours 1 1991 (Dittmer et al, 1994) The total amount of extra travel time
and fuel consumption caused by congestion, both recurnng and occasional, has
been valued at an estumated $35 billion for 50 large US wurban areas m 1988
(Schrank et al., 1993, p. 46). The few simnulation studies that have been

IS Bureau of the Census (1695, table 1033)
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undertaken, such as those by Keeler and Small (1977), Mohnng (1979) and
Cameron (1991), suggest that a large proportion of this exira consumption of time
and fuel would be eliminated under optimal pricing

Feasibility studies and actual expenience with congestion pricing. as well as with
closely related policies such as toll rings 1n three Norwegian cities, now provide
ample evidence that at least some forms of congestion pricing are technically and
admimstratively feasible This evidence 1s discussed further below Therefore
congestion pricing represents more than just a theoretical possiblity

6.2 Conclusion 2 congestion pricing 1s the only policy that will make a
noticeable difference in peak congestion levels in the world’s most congested
cies

Numerous policy imtiatives designed to reduce traffic congestion, rangmng from
mass-transit subsidies to land-use restrictions, have failed to do so {Meyer and
Gomez-lbanez, 1981, Giubano and Small, 1995) Some of these pelicies may
create real and substantial benefits, but they can do httle to reduce the most severe
congestion (Downs, 1992) One reason 1s the existence of latent demand: people
who are currently deterred from dnving at congested tumes and places by the
congestion itself In many locations, there 1s so much latent demand for car travel
at peak periods that any amount of capacity that can feasibly be built, or that can
be released by enticing some drivers off the road, will quickly become filled by
people who now opt for some alternative This 1s a2 well-documented empirical
phenomenon known as the “fundamental law of traffic congestion” (Small, 1992,
pp. 112-114), and 1s explained by a simple equlibnum model exposited, for
example, by Downs (1962), Smeed (1968), Thomson (1977); Holden (1989),
Arnott and Small (1994)

If, as suggested earher, mass transit 18 provided with mcreasing returns to scale,
then latent demand can have an even more perverse effect In areas with pervasive
mass transit, an equiltbrium is established between the full cost of travel by auto
and by transit Expandmg road capacity then draws users away from mass transit,
driving up its average cost, until a new equilibrium 1s estabhished in which higher
average costs prevall on both modes' on transit because it 1s less used, and on
highways because they are even more congested than before In such a situation,
expanding capacity makes congestion worse! Evidence for such equihbma is
provided by Mogndge (1986), and the phenomenon 1s formally meodeled by
Downs (1962); Mognidge et al (1987) and Holden (1989).

In such a siuation, mmplementing congestion pricing could produce a modal
shift toward mass transit that would be accentuated by the resulting decrease i the
average full cost of travel by transit It is possible that a quite dramatic reduction
m the proportion of travel by automobile might occur 1 some dense city centers
well served by public transit An empmrically based model of such a case is
provided by Viton {1983)
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6 3. Conclusion 3 congestion pricing could aid the urban economy

Increasingly, the urban economy 1s bemng drained by the waste inherent in traffic
congestion and by the many measures bemng undertaken to ameliorate 1, from
employer carpooling mandates to billion-dollar expressway widemings In a typical
large metropolitan area, full-scale congestion prnicing would free up hundreds of
millions of dollars of real resources annually for mmprovements m urban life

Those who fear that congestion pricing would harm cities economically tend to
forget that every dollar extracted from urban travelers through tolls 1s a dollar that
can be used to add urban services, to pay for needed transportation improvements,
or to reduce other taxes pard by urban residents and businesses So long as the
resources represented by the toll payments remam within the urban economy, the
benefits from ehmnating congestion will be a pure economic gamn to the region

Of course, thus qualification requires that the revenues be used 1n ways that
benefit urban residents and businesses. The biggest danger to success of conges-
tion pricing may be the possibility of “capture” of the revenues by special-interest
groups, or by planners with good mtentions but poor respect for cost-benefit
analysis Revenues could be wasted on transit systems that are not used, or on
highway capacity expansions that are no longer necessary There 1s a real
challenge here for transportation professionals we need to predict the new demand
patterns that would emerge from congestion pricing, and to do so accurately
enough to spot unwise expenditure plans before it 1s too late

Congestion pnicing could also have important effects on land-use and commut-
g patterns For example, it would encourage shorter work trips both by reducing
the cross~-hauling inherent m present commuting patierns (Guuliano and Small,
1993} and, m the longer run, by promoting jobs—housing balance i land-use
patterns A full analysis of land-use imphications, taking mto account dispersed and
polycentric employment patterns, remains to be accomplished (Deakin, 1994)

6 4. Conclusion 4- congestion pricing is a respectable policy alternative.

The concept of congestion pricing, having spent its first 70 years n 1vory tower
oblivion, suddenly became all the rage among transportation and public policy
professionals m the early 1990s. Highway officials, business groups, transportation
engmeers, air quality regulators, environmental groups, and even many local
bureaucrats began to endorse “market-based * approaches to congestion and air
pollution after decades of unsuccessful use of other policy mstruments.

While political realities have intervened to cool the ardor of advocates, there has
been some headway even among poliucians The cities of Bergen and Trondheim
1 Norway have area pricing schemes that apply only dunng certamn hours Plans
that mvolve congestion pricing have been endorsed at vanous times by majority
political groups i greater London, the Netherlands, Stockholm, and Cambnidge
{England) (Gomez-Ibanez and Small, 1994) I hasten to add that some of the key
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pohtical figures are no longer iz power, and earhier plans in these regions have
been modified In the United States, the private sector 1s providing the first U S
congestion pricing expertment a new four-lane road in the median of the existing
Riverside Freeway m southern Califorma, financed by revenues from a toll
structure with sharp variations over the peak peniod This road opened to traffic n
December, 1995

The lead taken by the private sector i Califorma parallels that taken by
SANEF, a publicly owned corporation which operates 1004 kilometers of French
toll roads In Apnl 1992, SANEF inaugurated & hruted congestion-pricing
expermment to flatten the Sunday evenmng traffic peak comsisting mamly of
weekend travelers returmng to Pans from the north of France (Gomez-Ibanez and
Smail, 1994) This experument 18 revenue neutral — the price 1s raised during the
peak and lowered during the shoulders of the peak, relative to the normal toll This
pricing structure enabled SANEF to introduce the scheme with virtually no
redistributive effects (except among different users of the toll road), a feature
which greatly facilitated its political feasibality.

65 Conclusion 5 widespread adoption of congestion pricing s not hikely m
the foreseeable future

In the United States, especially, the problem of poliical feasibuity 15 a
fundamental one Put sumply, the average person on the street thinks that
congestion pricing 15 & bad :dea The political hrabihiies are severe and present
overwhelming odds agamst rapid adoption (Giuhiano, 1992, Rom, 1994)

Perhaps thiough the demonstration process, people will be eased mto the 1dea -
gently and will discover that it 1s not as bad as they feared There are a number of
avenues for mtroducing congestion pricing guite naturally as a financing structure
for new toll roads, as a modification of the pricing structure for existing toll
bridges, as a special measure for a particular “problem area” such as an airport
Each of these offers the opportumity to demonstrate how pnicing can work m
practice, although each also offers the danger of a failled experiment receiving
adverse pubhcity. Grieco and Jones (1994) suggest that even when not adopted,
the serious consideration given road pricing in vanious European locations has
allowed the concept to magrate to other locations

Amnother natural expeniment is allow spare capacity on high-occupancy vehicle
lanes to be used, for a fee, by low-occupancy vehicles This effectively subjects
the low-occupancy vehicles to congestion pricing because only during peak hours
would they wish to pay extra for the special lane, which 1n this case 1s called a
“high occupancy toll” (HOT) lane Fielding and Klem (1993) have proposed that
this kind of demonstration could mugrate to adjacent lanes, as people come to
accept and value the option for high-quality service Indeed, a (subsequently
rejected) proposal to gradually toll the entire Seattle freeway system 1n just this
manner passed the Washington State Transportation Commmsston. In Fall 1996, a



686 KA Small | Regional Science and Urban Economics 27 (1997) 671-691

HOT lane began operation on Imterstate 15, north of San Diego (Duve, 1994,
Oropeza et al., 1996), there are also the several studies being funded under a
partially defunct U.S. congestion pricing demonstration program

Buropeans seem somewhat less resistant than citizens of the United States to the
kind of state mtervention that road prnicing represents, a conclusion supported by
the agreements already reached m Scandinavia Polling data from Norway and
England suggest that people may support pricing strategies when used to finance
desired public expenditures (Jones, 1991, Tretvik, 1992).

66 Conclusion 6 congestion is an inherently self-limiting phenomenon

Usually when congestion gets too bad, people stop doing the thungs that cause it.
We are therefore not doomed, even in the absence of sound policies, to ever-
worsemung congestion and hopeless urban gnidlock This does not mean there 1s no
problem, 1t just means that there 1s an mnefficient equibibrium rather than an
unstable positive feedback loop The self-limiting characteristic of congestion is m
contrast to several other urban problems such as racial imtolerance and short-run
fiscal health (Bradbury et al, 1980).

One example of this self-lumiting charactenstic 1s the tendency of people to
relocate in order to avoid congestion This probably explains the finding that even
though congestion seems to have mcreased on specific facilitzes (Schrank et al.,
1993, Meyer, 1994), average commuting tune has not mcreased (Gordon et al,
1991, Pisarski, 1992) Employment and housmg have suburbamized, enabling
many commuters to keep a step ahead of congestion as 1t follows them outward

Another amehiorating factor 1s that automobile ownership and use appear to be
approaching saturation Lave (1992) shows that growth 1n registered automobiles
per dniving-age aduit has nearly leveled off m the U.S., with Europe not too far
behind Reasons mmclude two demographic facts: people who grew up before
dnving was virtually a umiversal skill are now a small munornity, and women's
labor-force partictpation has now reached approximately the same level as men’s
Added to thus 1s a secular growth m mcomes that has finally permitted virtually
every dniver to own a car ’

It 1s possible that these forces will take hold before congestion pricing catches
on and will undermune its support If so, urban areas may remamn stuck m an
mefficient transportation system, but one that people deem tolerable

7. Conclusion

Quanutative econonucs is not the only vantage pomt from which to examine
transportation policy, but 1t can at least focus attention on a range of sensible
options. I bave argued that doimng so for the case of wban transportation in the
Umted States provides some strong gurdance as where not to look for solutions:
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namely, widespread reduction of motor vehicle use Far more defensible are
targeted policies that use either pricing or regulatory measures to brming about
technologica: or behavioral changes that reduce air emmssions, enhance safety, and
reduce congestion. Financial problems of mfrastructure management and transit
subsidies are amenable to rattonahzation that would greatly reduce cost

In the cases of air pollution and safety, measures already undertaken seem to be
having the desired effects This 15 not to argue that the precise measures chosen are
necessanly the most efficient ones, or that the correct tradeoff between economic
costs and safety improvements has been achuieved However, the success of such
measures reuiforces the mam argument made here: that the fundamental approach
most benefic.al to people’s welfare 1s one that induces mucro changes i behavior
and technology, aimed directly at the problem, and not one which aims to effect
broad changes it mobility patterns

None of tlus is meant to umply that drastic changes mn the amount of motor-
vehicle use should not occur m selected locations Congestion pricing would
certamnly curtail, though not eliminate, peak-period use in currently congested
areas It is entirely possible that bans or restrictions on motor vehicles 1o selected
peighborhoods are justified m order to mmprove the residential or pedestrian
environment Furthermore, a thorough-gomg reform of pricing and investment
pohicies toward urban transportation i urban areas might produce drastic increases
1 use of public transit m selected commuter markets, especially m dense central
business districts Thus efficient policies would produce urban areas with quite
altered features, but those areas would continue to depend heavily on motor
vehicles
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