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Abstract
This paper summarizes the comprehensive study, Transportation Cost Analysis;
Techniques, Estimates and Implications. It discusses the importance of transportation
costing research, defines major cost categories, describes how costs are estimated,
summarizes major findings, and explores implications of this research. It provides
estimates of twenty costs for eleven personal transport modes under three travel
conditions. Costs are categorized according to various attributes: whether they are
internal or external, fixed or variable, market or nonmarket. This creates a framework for
comparing the travel costs of different modes under various conditions. The report also
discusses the application of transport costing to decision making, and responds to various
criticisms. An appendix summarizes previous transportation cost studies.

This analysis indicates that on average about a third of automobile costs are external and
about a quarter are internal but fixed. This implies that current transport pricing is
economically inefficient (prices do not accurately reflect costs) and inequitable (since
people who drive more than average tend be subsidized overall by people who drive less
than average). As illustrated in examples, transportation planning often overlooks
significant costs, which tends to skew decisions toward capacity expansion and away
from demand management. The use of more comprehensive costing in transport planning
and pricing could improve the efficiency and equity of our transportation system.
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Preface
I began serious research into transportation costing about a decade ago as a masters thesis project.
Even before it was completed I received requests for data and copies of my study, which lead to
consulting contracts, and eventually a career as a transport researcher and policy consultant. This
work has been exciting, rewarding, and often frustrating.

Cost estimates have proven to have many uses, from estimating the value of a particular transit
improvement or bicycling program, to determining optimal road user prices under various travel
conditions. Although it is called “cost analysis,” this information is the basis for identifying and
measuring benefits of alternative policies. Our research has spawned numerous studies, guides
and reports, including more than two dozen posted at our website, and many more performed by
other researchers which rely to various degrees on our costing information.

In my experience there is little to be gained from simply totaling estimated transportation costs.
To say that “motor vehicles cost society XX billions of dollars a year” is by itself not very useful.
The real benefit comes when cost estimates are converted into appropriate forms for
incorporating into a particular planning or policy decision. But the numbers can be tricky.
Anybody working with them should have an idea of how the estimates were developed and how
they may vary from one situation to another. It is also important to understand some basic
economic concepts that relate to how cost data can be used to evaluate efficiency and equity.

Until now much of this information has only been available in our comprehensive report,
Transportation Cost Analysis; Techniques, Estimates and Implications. This detailed document
has chapters on each of the cost categories, hundreds of references, and numerous examples.
Because of its cost and size, this information has not been widely accessible.

I have long planned to write a summary report that presents the most important information,
analysis and conclusions in Transportation Cost Analysis. It was a challenge to boil the extensive
data (which is already a condensation of many hundreds of documents) into a short but still useful
paper. As you read this report bear in mind that for each reference, example or page of discussion
there is five to ten times as much information in Transportation Cost Analysis, and far more
information in the original sources.

Please contact our institute if you have comments, questions or criticisms of this report. We
always appreciate feedback.
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Why Study Transportation Costs

A smart consumer investigates all costs prior to making a major transportation
investment. Before purchasing a car you want to know its fuel consumption, insurance,
licensing, maintenance and repair costs. Similarly, before buying a bus, train or airline
ticket you should determine if there are additional fees, and whether the ticket can be
changed or refunded. Your interest is not limited just to direct financial costs. You want
to know how the options compare in comfort and safety. This information lets you
determine which will best serve your needs. You may be willing to pay more for greater
long-term economy, flexibility, comfort, safety.

Just as consumers need accurate and comprehensive cost information when making
personal transport decisions, communities need such information for transport planning
and policy making. Yet, many transport decisions are based on relatively limited cost
information. Several recent studies have added important new transport cost data. This
paper describes and summarizes that research, and discusses the implications and
applications of this information.

Accurate cost analysis by public agencies is particularly important because transportation
is “co-produced” by governments (which supply facilities and services, and make land
use policies) and consumers (who own and operate vehicles, and make travel and make
land use decisions), so government policies and actions “leverage” consumers’ travel
decisions. For example, if an area becomes hostile to pedestrians, not only are people
who currently walk there worse off, it also shifts potential walking and public transit trips
to automobile, leading to increased traffic congestion, road and parking facility costs,
accidents, environmental damages, consumer costs and automobile dependency. Thus,
public agency decisions can have cascading effects on transport behavior and costs.

The common management admonition to “work smarter, not harder” applies to transport.
It reminds us that beyond an optimal level, increased movement may represent
inefficiency, not net benefits. If a transport system is distorted by mispricing and
inappropriate investments, new technologies that increase vehicle speeds or traffic
capacity may exacerbate rather than solve problems. Planning for increased traffic is
relatively easy, an engineering exercise to find the cheapest way to accommodate more
vehicles. But planning for optimal transport is more complex. It is an economic exercise
that must take into account all significant costs and benefits. Comprehensive cost analysis
is therefore essential for identifying the most optimal transport policies.

Research into transportation costs is sometimes criticized as being “anti-automobile,”
which inaccurately represents this as an ideological rather than an economic issue.
Transport cost research is no more anti-automobile than dietary research is anti-food.
This investigation does not mean that automobiles are “bad,” or that governments should
forbid driving. It does suggest that communities would benefit from more comprehensive
analysis of the impacts that result when comparing travel alternatives.
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What is Transportation Costing All About?
Transportation costing is often misunderstood. Many people assume that it is simply an
ideological argument that automobiles are bad and motorists should be punished with higher
taxes or arbitrary regulations. This is incorrect.

Virtually any discussion of transportation involves costing. Consumers are concerned about their
expenses, time and accident risk. Tax payers are concerned with their financial burdens.
Transportation professionals tend to be concerned with facility expenses, congestion and accident
risk. Increasingly people are concerned with environmental impacts. Recent transportation
costing studies simply provide a formal structure to these widely-recognized issues. They are
descriptive, not perscriptive. The methodologies and estimates they provide are intended to be
modified as needed to reflect the conditions and values of a particular community.

Transportation costing has many applications. It provides a vocabulary for discussing impacts,
both positive and negative. It helps identify what is favorable and beneficial as much as it
identifies options that are unfavorable and harmful. It is useful for determining and evaluating
programs, policies, investments, designs, and rules, as well as pricing and taxes.

Consider this example: Imagine that you are mayor of a city. A business wants permission to
offer helicopter shuttle service from suburbs to downtown. It would need the city to build suitable
terminals. You must determine with other city officials and citizens whether such as service is
worthwhile and what regulations it would require.

You might begin by brainstorming potential impacts: benefits to users, congestion reduction,
noise and air pollution, accident risk to users and others, the value of land, land use impacts
(Would it encourage or discourage city center development?), economic development (Would it
make your city more productive?) and equity implications.

But brainstorming means that you are starting from scratch. Existing transportation costing
studies and guides provide a framework for identifying and evaluating impacts. They give a name
and definition to each impact. They discuss the extent and implications of impacts. They describe
techniques for measuring impacts and examples of existing estimates. This can help identify
which impacts are likely to be most significant in your situation. Perhaps you will decide to
commission more detailed studies of some of these costs, for example to determine the magnitude
of helicopter noise and accident risk, and the full costs and risks of building helicopter terminals.

You might also want to consider the fees and taxes that would be charged for this service. Should
the city demand cost recovery for its terminal investment? Should parking at terminals be free or
market-based? Should the company be required to mitigate or compensate nearby businesses and
residents for noise impacts? If so, by how much?

Perhaps, after this proposal is announced other groups suggest alternative congestion reduction
strategies: new highways, subways, road pricing, or increased downtown residential development.
Each suggestion has its own merits and costs, some of which you may not have considered
previously. Comparing them requires an even broader transportation costing framework.
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Basic Concepts for Transportation Costing
This section defines some terms used in this report.

Let’s begin by defining transportation (or “transport,” which means the same thing and
is shorter) and considering how it is measured. Transport is often assumed to mean
vehicle movement, measured as vehicle trips or Vehicle Miles Traveled (VMT), traffic
speed, roadway Level of Service (LOS), or vehicle delay, but this ignores other travel
options. Defining transport as mobility, measured in person-trips, person-miles, trip
speed or personal delay recognizes walking, cycling and transit modes. But even this
definition is limited. The ultimate objective of transport is access, the ability to reach
desired goods and activities.1 This definition recognizes options such as communications,
delivery services and more efficient land use that can improve access with reduced
mobility. Access is measured in generalized cost, which includes both financial and time
costs, and is commonly called “convenience.”

What most people call a “problem” economists often call a cost. This emphasizes that
problems can be compared and quantified. Economists define costs as “benefits
foregone.” Costs and benefits therefore have a mirror-image relationship: a cost can be
defined as benefits foregone and a benefit can be defined as reduced costs. In practice,
most transport benefits are measured as cost reductions. For example, road improvements
provide benefits consisting of reduced congestion, vehicle and accident costs.

Costs have various attributes. We consider both market costs, which involve goods
regularly purchased with money (also called “financial” or “pecuniary” costs, or simply
“expenses”), and nonmarket costs, such as personal time, discomfort, and environmental
damages. Environmental and social impacts are sometimes called “intangibles” with the
implication that they are unmeasurable. However, techniques are now available to
measure and monetize (measure in monetary units) these impacts.2 Nonmarket impacts
often have values comparable in magnitude to impacts traditionally considered in
transport planning, such as roadway and vehicle expenses.3

Another important attribute is whether a cost is variable (increases with consumption) or
fixed (not related to consumption). For example, fuel is a variable cost while vehicle
insurance is considered a fixed cost, since insurance premiums do not increase
significantly with mileage. Economists often use a somewhat more precise term:
marginal costs are the costs of a particular unit of consumption. If your garage has two
parking spaces, owning one or two vehicles has no marginal residential parking cost, but
a third vehicle incurs a marginal parking cost if you want covered parking, since it
requires adding garage space.

                                               
1 Mobility and Access; Transportation Statistics Annual Report 1997, BTS (www.bts.gov), 1997.
2 John Gowdy and Sabine O’Hara, Economic Theory for Environmentalists, St. Lucie Press (Delray
Beach), 1995.
3 Dr. Peter Bein, Monetization of Environmental Impacts of Roads, Planning Services Branch, B.C.
Ministry of Transportation and Highways (Victoria, www.th.gov.bc.ca/bchighways), 1997.
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The distribution of costs is another important attribute. Some costs are internal, meaning
that they are borne directly by the user (e.g., car, bus or airplane passenger), while others
are external, meaning that they are borne by somebody other than the user. Cost
distribution is most precise when defined at the individual level, referring to the impacts
each consumer imposes and bears. However, costs are often analyzed at the group or
sector level for convenience, but such analysis can be arbitrary since it is affected by how
groups are defined, and does not take into account impacts imposed within the group.

For example, consider vehicle noise costs. Within a neighborhood some households may
have noisy cars, others have quite cars, and some have no cars. If we define residents as a
group, all noise in the neighborhood can be considered an internal cost. If we define car
owners as a group, then only vehicle noise imposed on households that do not own a car
is an externality. But the fact that people suffering from vehicle noise own a car does not
really internalize this cost. If all vehicle owning households impose and bear the same
noise impacts, equity impacts could balance out, but in practice some households produce
more vehicle noise or are more sensitive to such impacts. And regardless of equity
impacts, only if each individual motorist directly bears the noise costs they impose would
they have an appropriate incentive to control their noise emissions.

Price refers to the costs that directly affect consumers’ purchase decisions. For this
analysis we define price as perceived-internal-variable costs, which includes both market
costs such as fuel for a vehicle or fares for a transit trip, and nonmarket costs such as
time, discomfort and accident risk.

Costs—A Primer
A dog can often be obtained at minimal initial price, or even for free. But pet owners quickly
discover that a dog imposes many costs. Some, such as pet food, are market costs. Others, such as
the nuisance of cleaning up after the animal, are nonmarket costs, although these can sometimes
be monetized using a market cost as a reference, such as what it costs to hire somebody to clean
up after the dog. Some pet costs, such as purchasing a doghouse, are fixed, you pay the same
regardless of how long you have the dog, while others, such as food, are variable because the dog
consumes some each day. In addition to the internal costs borne by their owners, dogs can impose
external costs on other people, including noise, odors, and fear. It a dog bites another dog owner,
this is an external cost at the individual level but could be considered an internal cost at the sector
level if dog owners are defined as a group.

A basic tenet of economics is that economic efficiency is maximized when prices reflect
marginal costs, which means that resources provide maximum benefit. For example,
unmetered electricity (consumers pay a fixed fee regardless of how much power they use)
encourages wasteful energy use. Metered electrical power gives consumers an incentive
to use power more economically efficient because prices reflect the marginal cost of
providing the service.
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Horizontal equity refers to whether people with similar needs and abilities are treated
the same. It requires cost recovery (consumers pay for the goods they use) unless there is
a specific reasons to subsidize one good or group of consumers. Vertical equity refers to
how people with differing needs and abilities are treated. It assumes that disadvantaged
people should receive greater support from society than those who are relatively
advantaged. For example, special mobility services for people with disabilities, and
discounted fares for students and elderly passengers reflect vertical equity objectives.
Note that horizontal and vertical equity often conflict.

Economic neutrality means that comparable goods are treated equally. For example, it
implies that taxes and regulations should not discriminate between similar goods or
consumers. This helps achieve both economic efficiency and horizontal equity.
Violations of this principle are called market distortions.
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Transportation Costs
This section discusses transport costs and how they are measured. Cost values are in
U.S. dollars unless noted otherwise.

User Expenses
This category includes vehicle costs and fares. Several companies publish estimates of
typical vehicle costs.4 Table 1 illustrates an example of this information. These estimates
tend to overstate depreciation and insurance, and understate maintenance and repair costs
compared to the overall vehicle fleet because they assume a relatively new car (typically
the first four years of vehicle life).

Table 1 American Automobile Association Vehicle Cost Estimates5

Medium Car
(Cavalier LS)

Large Car
(Taurus SE)

Luxury Car
(Grand Marquis)

SUV
(Blazer)

Van
(Caravan SE)

Gas & oil 5.0¢ 6.3¢ 7.4¢ 7.2¢ 6.8¢
Maintenance 2.9¢ 3.1 ¢ 3.2¢ 3.4¢ 3.2¢
Tires 1.3¢ 1.4¢ 1.4¢ 1.4¢ 1.3¢
Operating costs/mile 9.2¢ 10.8¢ 12.0¢ 12.0¢ 11.3¢
Insurance $912 $856 $933 $1,312 $950
License & registration $175 $223 $279 $396 $379
Depreciation $2,819 $3,294 $3,979 $3,556 $3,409
Financing $598 $802 $1,040 $929 $885
Ownership costs/year $4,504 $5,175 6,231 $6,193 $5,623

Vehicle costs are usually divided into ownership (fixed) and operating (variable) costs.6

Lifecycle cost analysis (Table 2) and consumer surveys (Table 3) indicate lower average
annual expenditures.

Table 2 Lifecycle Costs for Selected Vehicles (1991 ¢/mile) 7

Deprec
-iation

Insur-
ance

Maint-
enance

Parking
& Tolls Tires

Finance
Charges

Lic. &
Reg.

Fuel
& Oil

Fuel
Taxes Total

Vehicle Type Fixed* Fixed* Variable Variable Variable Fixed Fixed Variable Variable

Sub-Compact 8.6 7.1 4.0 1.3 0.7 1.6 0.8 3.5 1.3 28.9
Intermediate 10.7 7.0 4.2 1.3 1.0 2.0 0.9 4.6 1.7 33.4
Full-size Van 14.2 8.5 4.2 1.3 1.4 2.9 1.2 8.1 3.0 44.8
Full-size Pickup 9.5 7.2 4.3 1.3 1.2 2.2 0.9 6.2 2.3 35.1
* Actually partly fixed as discussed above.

                                               
4 Runzheimer International (www.runzheimer.com); Intellichoice (www.intellichoice.com).
5 Your Driving Costs 1998, American Automobile Association (Heathrow, FL), 1998, based on data from
Runzheimer International (www.runzheimer.com). Canadian data is available from Driving Costs,
Canadian Automobile Association (www.caa.ca).
6 Some costs often considered fixed are actually partly variable. For example, increased mileage reduces a
vehicle’s resale value, increases maintenance and repair costs, and increases the risk of crashes and traffic
citations. These longer-term distance-based costs average 10¢  or more per mile for a typical automobile.
7 Jack Faucett Associates, The Costs of Owning and Operating Automobiles, Vans and Light Trucks, 1991,
FHWA (Washington DC), 1992.
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Table 3 Average Transportation Expenditures (1997 U.S. Dollars)8

Per
Household

Portion of
Household Total

Per Vehicle
Year

Per Vehicle
Mile

Vehicle purchases $2,856 7.9% $1,428 11.4¢
Gasoline and motor oil $1,110 3.1% $555 4.4¢

Vehicle finance charges $305 0.8% $153 1.2¢
   Maintenance and repairs $720 2.0% $360 2.9¢

Vehicle insurance $779 2.2% $390 3.1¢
Other vehicle charges $508 1.4% $254 2.0¢

Total vehicle expenses $6,278 17.4% $3,139 25.1¢
Public transport expenses $390 1.1% $195 NA

Total transportation expenses $6,669 18.5% $3,335 NA

Roadway investment computer models calculate vehicle operating costs (fuel, oil and
tires, and sometimes depreciation and maintenance) for various vehicle classes and road
conditions, but typically ignore fixed costs.9 Highway engineering models predict vehicle
operating costs under various road conditions.10

Table 4 summarizes public transit modes costs. Marginal transit service costs tend to be
significantly lower than the average costs (a 10% increase in transit usage requires less
than a 10% increase in costs and subsidies). This is indicated by the fact that transit
service cost recovery increases in areas with per-capita transit use.11

Table 4 1996 Public Transit Costs12

Bus
Trolley

Bus
Light
Rail

Heavy
Rail

Commuter
Rail

Operating Expenses (m) $8,995 $135 $440 $3,402 $2,294
Capital Funding (m) $1,920 $19.1 $847 $2,228 $1,690

Total Expenses (m) $10,915 $154 $1,287 $5,630 $3,984
Passenger Fare Revenue (m) $3,446 $55 $144 $2,322 $1,145
Subsidy (m) $7,469 $99 $1,143 $3,308 $2,839
Vehicle Revenue Miles (m) 1,577 13.1 36.7 527 221
Total Expenses Per Revenue Mile $6.92 $11.75 $34.78 $10.68 $18.03
Annual Passenger Miles (m) 16,802 184 955 11,530 8,350
Average Vehicle Occupancy 10.7 14.0 26.0 21.9 37.7
Total Expenses Per Passenger Mile $0.65 $0.84 $1.35 $0.49 $0.48
Revenue Per Passenger Mile $0.21 $0.30 $0.15 $0.20 $0.14
Subsidy Per Passenger Mile $0.44 $0.54 $1.20 $0.29 $0.34
m=million

                                               
8 1997 Consumer Expenditure Survey, BLS (ftp://ftp.bls.gov/pub/special.requests/ce).
9 Highways Design and Maintenance (HDM) 4 Model, World Bank (www.RoadSource.com);
MicroBENCOST, Texas Transportation Institute (http://tti.tamu.edu), 1997.
10 Highways Design and Maintenance (HDM) 4 Model, World Bank (Washington DC;
www.RoadSource.com); MicroBENCOST, Texas Transportation Institute (College Station), 1997.
11 Peter Newman and Jeff Kenworthy, Sustainability and Cities; Overcoming Automobile Dependency,
Island Press (Covelo; www.islandpress.org), 1998, p. 117; Todd Litman and Felix Laube, Automobile
Dependency and Economic Development, VTPI (www.vtpi.org), 1998.
12 1996 National Transit Summaries and Trends and 1998 APTA Transit Fact Book, American Public
Transit Association (Washington DC; www.apta.com), 1998.
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Travel Time
Travel time costs include the value of personal (unpaid) travel time, wages and benefits
of employee’s time spent in travel, and the time value of equipment and goods in transit.
Although a small amount of recreational travel has zero time cost (people would rather be
traveling than doing other activities), most time spent in travel represents a cost. The
value of this cost has been measured by studying travelers’ willingness to pay for a faster
option, and studies of travel time costs to businesses.13 Table 5 illustrates travel costs for
various modes.

Table 5 Commute Trip Time, Length and Speed by Mode14

Automobile Transit Walking All
Commute Travel Time  (min.) 19.0 49.9 9.6 19.7
Commute Trip Length  (miles) 11.0 12.6 0.5 10.7
Commute Average Speed (mph) 34.7 15.2 3.1 32.3

Average travel time, distance and speed vary by mode.

Travel time costs vary depending on conditions. For example, drivers’ travel time costs
tends to increase with congestion, and transit riders’ travel time increases if vehicles or
waiting conditions are uncomfortable. Time costs are high for unexpected delays and for
relatively long (more than 30 minutes) commute trips. Time costs for waiting at a transit
stop and involuntary walking trips tend be high, but under favorable circumstances
people often choose to walk or bicycle for exercise and enjoyment although they have
faster alternatives, in which case additional travel time has no incremental cost.15

Table 6 illustrates a typical schedule for calculating travel time costs based on prevailing
wages. This is used to calculate the value of transport improvements that save time.

Table 6 Travel Time Values Used by B.C. Ministry of Transportation16

Travel Time Values
Commercial vehicle driver Wage rate plus fringe benefits
Personal vehicle driver 50% of current average wage
Adult car or bus passenger 35% of current average wage
Child passenger under 16 years 25% of current average wage

Congestion increases travel time costs for drivers by the following amounts according to Level of
Service (LOS) ratings:

LOS D: multiply by 1.33 LOS E: multiply by 1.67 LOS F: multiply by 2.0

This travel time schedule includes higher rates for drivers under congested conditions.

                                               
13 Mark Wardman, “The Value of Travel Time,” Journal of Transport Economics and Policy, Vol. 32, No.
3, Sept. 1998, pp. 285-316; Kenneth Gwilliam, The Value of Time in Economic Evaluation of Transport
Projects; Lessons from Recent Research, World Bank (Washington DC; www.worldbank.org), 1997.
14 Alan Pisarski, Travel Behavior Issues in the 90’s, USDOT (Washington DC), July 1992, p. 70.
15 Kenneth Small, “Project Evaluation,” in Transportation Policy and Economics, Brookings
(www.brookings.edu), 1999, available at http://socrates.berkeley.edu/~uctc/text/papersuctc.html.
16 William Waters, The Value of Time Savings for The Economic Evaluation of Highway Investments in
British Columbia, BC Ministry of Transportation and Highways (www.th.gov.bc.ca/bchighways), 1992.
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Traffic Crash and Risk17

Traffic crash costs include deaths, injuries, pain, disabilities, lost productivity, grief,
material damage, and crash prevention expenses. Studying tradeoffs between financial
expenses and safety (such as consumer expenditures on vehicle safety equipment) helps
indicate the value society places on marginal changes in risk. This information is used to
evaluate investments and policies that affect transport safety. Table 7 indicates the values
assigned to various types of crashes. One major study estimated that motor vehicle
accidents costs totaled $358 billion in 1988, a major component of which are nonmarket
costs such as pain and lost quality of life.18 The National Highway Traffic Safety
Administration estimates traffic crash monetary costs (excluding pain and lost quality of
life) at $150 billion, averaging about 6.5¢  per vehicle mile.19

Table 7 FHWA Accident Costs Per Injury (1994 dollars)20

KABC Scale Abbreviated Injury Scale (AIS)
Severity Descriptor Cost ($) Severity Descriptor Cost ($)

K Fatal 2,600,000 AIS 6 Fatal 2,600,000
A Incapacitating 180,000 AIS 5 Critical 1,980,000
B Evident 36,000 AIS 4  Severe 490,000
C Possible 19,000 AIS 3 Serious 150,000

PDO Property Damage Only 2,000 AIS 2 Moderate 40,000
AIS 1 Minor 5,000

Some crash costs are external, either at the individual or sector level.21 Table 8 indicates
external crash costs (costs imposed on pedestrians, expenses not paid by drivers, and the
incremental crash risk associated with increased traffic volumes) for various vehicles. In
addition to crash damage costs, there are additional costs from avoidance measures,
including traffic safety programs and reduced pedestrian and bicycle travel.

 Table 8  Estimated Highway External Crash Costs (Cents Per Vehicle Mile)22

Rural Highways Urban Highways All Highways
High Med. Low High Med. Low High Med. Low

Automobile 9.68 3.15 1.76 4.03 1.28 0.78 6.02 1.94 1.13
Pickup & Van 10.21 3.31 1.75 4.05 1.27 0.74 6.70 2.15 1.17
Buses 14.15 4.40 2.36 6.25 1.89 1.08 9.55 2.94 1.62
Single Unit Trucks 5.97 2.00 0.97 2.21 0.71 0.40 3.90 1.29 0.65
Combination Trucks 6.90 2.20 1.02 3.67 1.16 0.56 5.65 1.79 0.84
All Vehicles 9.52 3.09 1.68 3.98 1.26 0.76 6.12 1.97 1.11

                                               
17 The term “crash” is preferred over “accident” by many traffic safety professionals because it emphasizes
that such events are not simply random events, but have an ultimate cause that can be eliminated.
18 Ted Miller, The Costs of Highway Crashes, FHWA (www.fhwa.dot.gov), FHWA-RD-055, 1991.
19 Lawrence Blincoe, Economic Cost of Motor Vehicle Crashes 1994, NHTSA (Washington DC;
www.nhtsa.doc.gov/people/economic/ecomvc1994.html), 1995.
20 Homberger, et al, Fundamentals of Traffic Engineering, 14th Edition, Institute of Transportation Studies
(Berkeley; www.its.berkeley.edu), UCB-ITS-CN-96-1, 1996, p. 9-13.
21 Rune Elvik, “The External Costs of Traffic Injury: Definition, Estimation, and Possibilities for
Internalization,” Accident Analysis and Prevention, Vol. 26, No. 6, 1994, pp. 719-732.
22 1997 Federal Highway Cost Allocation Study, USDOT (www.fhwa.dot.gov), Table V-24.
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Parking
This includes construction, maintenance, operating and land costs of off-street parking
facilities. Parking facilities are usually incorporated into the cost of buildings, but parking
demand depends on vehicle use and should therefore be considered a cost of driving.
Parking facility costs are often considered “sunk” (they must be paid whether or not they
are being used), but since the main resource of most parking facilities is land, which
always has alternative uses, virtually all parking has a marginal opportunity cost.

Table 9 summarizes typical costs of various types of parking facilities. Actual costs
depend on real estate prices, facility design, and conditions. Commercial urban parking
facilities must typically rent for about $100 per month per space to recover costs.23 An
off-street residential parking space adds about $600 per year or more to housing costs.24

Table 9 Typical Parking Facility Costs25

Surface Parking Structured Parking Underground
Construction Costs $2,000 $10,000 $17,000
Land Costs $3,000 $2,000 $0
Total Construction $5,000 $12,000 $17,000
Annualized Capital Costs $500 $1,000 $1,700
Annual Operations & Maintenance $100 $500 $700
Total Annualized Cost $600 $1,500 $2,400

Monthly Parking Cost $50 $125 $200

Mark Delucchi estimates annual off-street parking costs include $15 to $41 billion for
residential parking, $48 to $162 billion for business supplied parking, and $12 to $20
billion for municipal and institutional supplied parking, totaling $75 to $223 billion.26

This averages $414 to $1,232 per vehicle year, or 3.3¢  to 9.7¢  per motor vehicle mile.

Most non-residential parking costs are external. Only 5% of automobile commuters pay
full parking costs, and free parking is provided for 99% of non-commute trips.27 Some
economists define free parking as a “bundled good” rather than an externality because the
cost is part of commercial transactions. However, since people often have no viable
alternative (employees cannot usually choose a higher wage, and consumers cannot
usually choose lower retail prices in exchange for foregoing free parking) and must bear
the cost regardless of use (e.g., customers who use alternative modes pay for bundled
parking they do not use) these costs are external at the individual level and functionally
an external costs with respect to both economic efficiency and equity.

                                               
23 Richard Willson, Suburban Parking Economics and Policy: Case Studies of Office Worksites in Southern
California, FHWA (www.fhwa.dot.gov/environment), 1992.
24 Patrick Hare, et al, Trip Reduction and Affordable Housing, Transportation Research Board, 1991.
25 John Dorsett, “The Price Tag of Parking,” Urban Land (www.udi.org), May 1998, pp. 66-70; Robert
Weant and Herbert Levinson, Parking, Eno Foundation (www.enotrans.com), 1990.
26 Mark Delucchi, Annualized Social Cost of Motor-Vehicle Use in the U.S., 1990-1991, Vol. 6, Institute of
Transportation Studies (Davis; www.engr.ucdavis.edu/~its), UCD-ITS-RR-96-3 (6), 1997.
27 1990 NPTS, Summary of Travel Trends, USDOT (Washington DC) 1992.
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Congestion
This is the incremental delay, stress, vehicle operating costs and pollution that results
from each additional vehicle added to the traffic stream. It is an externality in terms of
economic efficiency, and to some degree in terms of equity due to differences in the cost
per passenger-mile imposed by different modes. Because it consists mainly of additional
costs expenses imposed on other motorists, it is inappropriate to add congestion and user
costs together when calculating total costs for automobile users as a group.

Several approaches are used to calculate congestion costs.28 The Texas Transportation
Institute developed an index for comparing congestion in different cities, and estimated
annual congestion costs total $74 billion in the U.S.29 Another study which modeled
congestion costs on the five classes of highways concluded that appropriate congestion
fees on these roads average 4¢ -5¢  per vehicle mile, with total annual congestion costs of
$44 to $98 billion in the U.S.30 Delucchi estimates U.S. traffic congestion external costs,
including travel time delay and increased fuel consumption, totaled $34 to $146 billion in
1991.31 Different types of vehicles cause different amounts of congestion, which is
measured in units called “passenger car equivalents” or PCEs.32

Table 10 illustrates estimated congestion costs for various vehicles and conditions.

 Table 10         Estimated Highway Congestion Costs (Cents Per Vehicle Mile)33

Rural Highways Urban Highways All Highways
High Med. Low High Med. Low High Med. Low

Automobile 3.76 1.28 0.34 18.27 6.21 1.64 13.17 4.48 1.19
Pickup & Van 3.80 1.29 0.34 17.78 6.04 1.60 11.75 4.00 1.06
Buses 6.96 2.37 0.63 37.59 12.78 3.38 24.79 8.43 2.23
Single Unit Trucks 7.43 2.53 0.67 42.65 14.50 3.84 26.81 9.11 2.41
Combination Trucks 10.87 3.70 0.98 49.34 16.78 4.44 25.81 8.78 2.32
All Vehicles 4.40 1.50 0.40 19.72 6.71 1.78 13.81 4.70 1.24

Most congestion studies only consider costs imposed on motor vehicle users. The delay
and accident risk costs that vehicle traffic and highways impose on non-motorized travel
is called the “barrier effect” or “severance.” Some studies have quantified this cost in
terms of travel delay and non-motorized trips foregone.34 This indicates that such costs
can be significant, particularly in urban areas.

                                               
28 Quantifying Congestion, TRB (Washington DC; www.nas.edu/trb), NCHRP Project 7-13, 1997.
29 David Schrank and Tim Lomax, Mobility Study - 1982 to 1996, Texas Transportation Institute
(http://mobility.tamu.edu/study/summary.stm), 1998.
30 Robert Repetto, et al., Green Fees: How a Tax Shift Can Work of the Environment and the Economy,
World Resources Institute (Washington DC; www.wri.org), 1992.
31 Mark Delucchi, Annualized Social Cost of Motor-Vehicle Use in the U.S., 1990-1991, Institute of
Transportation Studies (Davis; www.engr.ucdavis.edu/~its), UCD-ITS-RR-96-3, 1997.
32 A Policy on Geometric Design of Highways and Streets, AASHTO (www.aashto.org), 1990, p. 261.
33 1997 Federal Highway Cost Allocation Study, USDOT (www.fhwa.dot.gov), Table V-23.
34 J.M. Clark and B.J. Hutton, The Appraisal of Community Severance, Transport Research Laboratory
(UK; www.trl.co.uk), Report #135, 1991; Donald Rintoul, Social Cost of Transverse Barrier Effects, B.C.
Ministry of Transportation and Highways (Victoria, www.th.gov.bc.ca/bchighways), 1995.
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Roadway Costs
This includes the costs of building, maintaining and operating public roads. Roadway
expenditure data can be obtained from government accounts.35 Table 11 summarizes
results of a recent cost allocation study showing the average roadway costs imposed by
different vehicle classes on different types of roads, their user payments, and the residual
external costs. Federal, state and provincial highway expenses are largely funded by
special user charges (fuel taxes, registration fees and road tolls) and so can be considered
internal costs. Local roads and municipal traffic services (traffic police, street lighting,
planning, and emergency services) are largely funded by local taxes and are therefore
external costs since residents pay regardless of their travel patterns.36

Table 11 Roadway Cost Responsibility Per Mile (Year 2000)37

Vehicle Class Federal
Costs

State
Costs

Local
Costs

Total
Costs

User
Payments

External
Costs

Automobiles $0.007 $0.020 $0.009 $0.035 $0.026 $0.009
Pickups and Vans $0.007 $0.020 $0.009 $0.037 $0.034 $0.003
Single Unit Trucks $0.038 $0.067 $0.041 $0.146 $0.112 $0.034
Combination Trucks $0.071 $0.095 $0.035 $0.202 $0.157 $0.044
Buses $0.030 $0.052 $0.036 $0.118 $0.046 $0.072
All Vehicles $0.011 $0.025 $0.011 $0.047 $0.036 $0.010

Land is another resource cost of roads and other transport facilities. Virtually all land has
alternative uses, either for market activities such as buildings and farms, or for nonmarket
activities such as greenspace. To describe this another way, transport options that require
less land provide economic and environmental benefits by leaving more land available
for other uses. Except when additional right-of-way is purchased for a road project, land
devoted to roads is usually considered a sunk cost and users pay no equivalent of rent or
property taxes. Economic neutrality requires that land be priced and taxed at the same
rate for competing uses.38 Failure to consider roadway land value in investment and
pricing decisions underprices road transport relative to rail (which pays rent and taxes on
right-of-way), and underprices transport relative to other goods, reducing economic
efficiency. One study estimates the total value of land devoted to the U.S. road system
has an annualized value of $75 billion, or 3.4¢  per VMT.39

Motor vehicle users need not be charged for all road costs since roads also provide access
for non-motorized modes and public services. A portion of roadway costs can be assigned
to “basic mobility” and motorists charged only additional costs associated with their
vehicle use. But since basic mobility can be provided by a much cheaper road system,
most current roadway expenditures can be assigned to motor vehicle use.

                                               
35 Highway Statistics, FHWA (www.fhwa.dot.gov/ohim), 1998.
36 Mark Delucchi, Annualized Social Cost of Motor-Vehicle Use in the U.S., 1990-1991; Report #7,
Institute of Transportation Studies (Davis; www.engr.ucdavis.edu/~its), 1998.
37 1997 Federal Highway Cost Allocation Study, USDOT (www.fhwa.dot.gov), tables II-6, IV-11, V-21.
38 Gabriel Roth, Roads in a Market Economy, Avebury (Aldershot), 1996.
39 Douglass Lee, Full Cost Pricing of Highways, Volpe Tran. Center (http://ohm.volpe.dot.gov), 1995.
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Air Pollution
This includes damages caused by harmful air emissions from motor vehicles including
carbon monoxide (CO), particulates (PM), nitrogen oxides (NOx), hydrocarbons (HC,
also called Volatile Organic Compounds or VOCs), sulfur oxides (SOx), carbon dioxide
(CO2), methane (CH4), CFCs, road dust, and toxic gases such as benzene.40

Some people claim that vehicle emission rates have declined by 90% or more over the
last few decades, but this is an exaggeration. Per mile tailpipe emissions under standard
test conditions have declined significantly due to emission controls, but actual emission
reductions are much smaller for several reasons: catalytic converters are only effective
after an engine heats up, “hot-soak” emissions occur after the engine stops, tests do not
reflect real driving conditions, and some air pollutants are not emitted from tailpipes.41

Increased vehicle mileage has offset much of the per mile emission reduction gains, so
many urban areas continue to experience vehicle air pollution problems.

A number of studies have estimated the cost per unit of pollutant.42 Table 12 summarizes
estimated costs for various emissions in U.S. urban areas based on two different analysis
methods: marginal damage costs caused by the pollutant, and the marginal costs of
controlling (reducing) a pollutant. Costs also vary depending on geographic factors.
 
Table 12     Estimated Emission Values (1989 $/ton)43

Emission Damage Costs Control Costs
NOx $4,820 $10,634
ROG $2,420 $9,944
PM10 $6,507 $3,687
SOx $2,903 $7,111
CO N/A $2,714

This information is used to calculate air pollution costs per mile for various vehicle types.
Some studies focus on just a few impacts and so give an incomplete estimate of total air
pollution costs. For example, Small and Kazimi estimated Southern California air
pollution costs from gasoline automobiles to average about 3.3¢  per vehicle mile, with
lower costs in most other regions.44 However, this estimate only includes human health
impacts from tailpipe particulate and ozone emissions. It excludes other damage and
pollutant categories, some of which may be quite significant, a point made by the authors
but ignored by many who use their results.

                                               
40 Indicators of the Environmental Impacts of Transportation, Office of Policy and Planning, USEPA
(Washington DC; www.epa.gov/tp), EPA 230-R-96-009, 1996, pp. 63-75.
41 Mobility and Access, Transportation Statistics Annual Report 1997, BTS, (www.bts.gov), p. 109-110.
42 M.Q. Wang, D.J. Santini & S.A. Warinner, Methods of Valuing Air Pollution and Estimated Monetary
Values of Air Pollutants in Various U.S. Regions, Argonne National Lab (www.ipd.anl.gov), 1994.
43 M.Q. Wang, D.J. Santini & S.A. Warinner, “Monetary Values of Air Pollutants in Various U.S.
Regions,” Transportation Research Record 1475, 1995, pp. 33-41.
44 Ken Small and Camilla Kazimi, “On the Costs of Air Pollution from Motor Vehicles,” Journal of
Transport Economics and Policy, January 1995, pp. 7-32.
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Recent research indicates that the greatest vehicle air pollution human mortality risk
results from fine particulates, some of which (such as brake and tire wear, and road dust)
are not affected by tailpipe emission controls.45 Table 13 summarizes a relatively
comprehensive estimate of vehicle air pollution costs.

Table 13 Air Pollution Health Costs by Motor Vehicle Class ($1990 / VMT)46

Vehicle Class Low Estimate Middle Value High Estimate
Light Gasoline Vehicle 0.008 0.069 0.129
Light Gasoline Truck 0.012 0.100 0.188
Heavy Gasoline Vehicle 0.024 0.260 0.495
Light Diesel Vehicle 0.016 0.121 0.225
Light Diesel Truck 0.006 0.061 0.116
Heavy Diesel Truck 0.054 0.644 1.233

Weighted Fleet Average 0.011 0.112 0.213

There is particular uncertainty about climate change emission costs. Some critics argue
that there is insufficient proof that global climate change is occurring, or that benefits will
offset costs.47 However, an increasing body of independent scientific evidence indicates
that climate change is a significant risk. The Intergovernmental Panel on Climate Change,
an organization of leading scientific experts, concluded, “The balance of evidence
suggests a discernible human influence on global climate” which could impose many
costs to society.48 Similarly, the American Geophysical Union concluded that, “the
present level of scientific uncertainty does not justify inaction in the mitigation of human-
induced climate change”.49 Table 14 summarizes one estimate of greenhouse emission
costs. This indicates a greenhouse gas cost of 18¢  to 56¢  U.S. per gallon of gasoline, or
about 0.9¢  to 2.8¢  per mile.

Table 14   Greenhouse Gas Damage Costs50

Emission Units Low Mid Point High
Carbon Dioxide ECU/tonne carbon 74 152 230
Carbon Dioxide ECU/tonne CO2 20 42 63
Methane ECU/tonne CH4 370 540 710
Nitrous Oxide ECU/tonne N2O 6,800 21,400 36,000

                                               
45 Seaton, et al., “Particulate Air Pollution and Acute Health Effects,” The Lancet, Vol. 345, Jan. 21, 1995,
pp. 176-178; Brock Williams, et al., “Latex Allergen in Respirable Particulate Air Pollution,” Journal of
Allergy Clinical Immunology, Vol. 95, 1995, pp. 88-95.
46 Donald McCubbin and Mark Delucchi, Social Cost of the Health Effects of Motor-Vehicle Air Pollution,
Institute of Transportation Studies (Davis; www.engr.ucdavis.edu/~its), 1996, Table 11.7-6.
47 See The Greening of Planet Earth and other publications by the Western Fuels Association
(www.westernfuels.org) and Green Earth Society (www.greeningearthsociety.org).
48 See websites http://gcmd.nasa.gov, www.unfccc.de and www.ipcc.ch for information.
49 Climate Change and Greenhouse Gases, American Geophysical Union (www.agu.org), 1998.
50 ExternE; Newsletter 6, European Commission (http://externe.jrc.es), March 1998.
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Other Pollutants
Motor vehicle traffic also imposes noise pollution.51 Traffic noise tends to increase with
traffic speed, accelerations, the portion of heavy vehicles and motorcycles, and
development density. Table 15 shows estimated noise costs per vehicle on a major
highway. Noise costs tend to be much higher on local urban roads, where traffic tends to
be closer to residences. European studies indicate higher vehicle noise costs (averaging
the equivalent of 0.7¢  per automobile mile), probably due to greater densities and more
awareness of traffic noise impacts.52

Table 15 Costs Per Noise Passenger Car Equivalent (1993 Cents Per Mile)53

mph: 20 25 30 35 40 45 50 55 60
Urban, CBD 0.02 0.03 0.05 0.07 0.10 0.13 0.16 0.20 0.24
Urban Fringe 0.02 0.03 0.08 0.13 0.19 0.25 0.32 0.40 0.51
Urban, Outer CBD 0.00 0.01 0.02 0.03 0.05 0.06 0.08 0.10 0.12
Urban, Residential 0.02 0.03 0.05 0.07 0.10 0.13 0.16 0.19 0.23
Urban, Rural Character 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02
Rural, Sparse Development 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rural, Dense Development 0.02 0.03 0.06 0.08 0.12 0.16 0.20 0.24 0.28

This table indicates estimated residential noise costs for motor vehicle travel on 110,000
average annual daily traffic highways

Roads and motor vehicles use also contribute to water pollution, hydrologic impacts and
waste disposal (such as used tires) which impose a variety of costs on society.54 Some
studies have attempted to quantify these costs.55

Resource Consumption Externalities
These include uncompensated environmental damages associated with extraction,
processing and transport of resources (such as petroleum and other minerals);
macroeconomic and political costs of importing resources; and impacts on future
generation of reduced non-renewable resources. That energy independence and
conservation are national policy objectives reflects these costs.56 A number of studies
have estimated the monetary values of these costs.57

                                               
51 Noise Pollution Clearinghouse (www.nonoise.org); 1997 Federal Highway Cost Allocation Study,
USDOT, Table V-22.
52 Emile Quinet, “Full Social Cost of Transportation in Europe,” The Full Costs and Benefits of
Transportation, Springer (Berlin), 1997, pp. 69-111, Table A1.
53 Daniel Haling and Harry Cohen, “Residential Noise Damage Costs Caused by Motor Vehicles,”
Transportation Research Record 1559, 1997, pp. 84-93.
54 Indicators of the Environmental Impacts of Transportation, USEPA (www.epa.gov/tp), 1996, pp. 41-69;
NEMO, www.canr.uconn.edu/ces/nemo; Center for Watershed Protection, www.pipeline.com/~mrrunoff.
55 Dr. Peter Bein, Monetization of Environmental Impacts of Roads, Planning Services Branch, B.C.
Ministry of Transportation and Highways (Victoria, www.th.gov.bc.ca/bchighways), 1997.
56 David Greene and K.G. Duleep, “Costs and Benefits of Automotive Fuel Economy Improvement,”
Transportation Research A, Vol. 27A, No. 3, pp. 217-235, 1993.
57 Harold Hubbard, “The Real Cost Of Energy,” Scientific American, Vol. 264, No. 4, April 1991.
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Land Use Impacts58

This includes negative economic, environmental and social impacts resulting when land
is paved for transport facilities, and from lower-density urban expansion (sprawl). There
is general agreement that sprawl can increase the costs of providing services (roads,
utilities and emergency response) and future transport, and that pavement and sprawl
reduce greenspace benefits, increase stormwater costs, and have “heat island” effects.59

There are also indications that automobile-oriented development patterns reduce
community functions that depend on neighborhood interactions, although there is less
agreement on this issue. To describe this another way, there are economic, environmental
and social benefits from greenspace and denser, more accessible communities which tend
to be reduced as a result of automobile oriented land use patterns.

These costs are variable and some are difficult to quantify with available data. Paving an
acre of land in existing industrial areas may have minimal external costs, while paving an
acre of unique wildlife habitat or building a new highway that encourages residential
development is an area that is currently agricultural may have significant external costs.

This is not to deny that pavement and low-density development provide benefits, but
these are largely internal. There is little evidence that you benefit if your neighbors pave
their lawns or build on existing farms and forests. Internal benefits cannot be assumed to
offset the external costs of sprawl. Only by passing the incremental costs on to users can
markets convey the true costs of consumption decisions, and thus allow consumers to
make efficient tradeoffs between benefits and costs.

There is general agreement among economists that these impacts should be considered in
project and policy analysis. For example, when evaluating a new highway that could
encourage additional greenfield development, the land use impacts of this decision should
be identified, and any economic, environmental and social costs should be described and
monetized if possible.60 Similarly, when evaluating an increase in parking requirements,
increased stormwater drainage costs should be estimated.

There is less agreement as to whether these should be considered costs of motor vehicle
use. The justification for doing so is that roads and parking facilities are developed in
response to vehicle traffic demand, and motor vehicles degrade the urban environment
and accommodate longer trips, thus encouraging urban periphery development. Although
it may be difficult to assign a particular unit of pavement to a particular vehicle trip, over
the long term driving encourages increased pavement and sprawl. Conversely, walking,
cycling and public transit tend to encourage higher-density, centralized land use patterns
with less per capita pavement.

                                               
58 Robert Burchell, et al., The Costs of Sprawl – Revisited, TCRP Report 39, Transportation Research
Board (www.nas.edu/trb), 1998; Todd Litman, Land Use Impact Costs of Transportation, VTPI
(www.vtpi.org), 1998.
59 Chester Arnold and James Gibbons, “Impervious Surface Coverage: The Emergence of a Key
Environmental Indicator,” Am. Planning Association Journal, Vol. 62, No. 2, Spring 1996, pp. 243-258;
Indicators of the Environmental Impacts of Transportation, USEPA (www.epa.gov/tp), 1996.
60 Social Cost of Alternative Land Development Scenarios, FHWA (www.fhwa.dot.gov), 1998.
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Option and Equity Value
Consumers benefit from having a range of travel choices. This creates a “robust”
transport system that accommodates unpredicted demands. Even people who usually
drive benefit from a diverse transport system when they are temporarily unable to drive
(their car breaks down or an earthquake damages roads), because it reduces traffic
congestion (some travelers shift to non-automotive modes if they are efficient,
comfortable and affordable), because it reduces the need to chauffeur dependents, and for
recreational purposes. Just as ship passengers value having lifeboats although they don’t
expect to use them on a particular trip, consumers may value having a range of transport
options, including ones they don’t currently use. Economists call this “option value.”

Increased travel options for disadvantaged groups (people with disabilities, low incomes,
youths and elderly) improve transportation equity.61 Improvements to walking, bicycling,
ridesharing, public transit, telecommuting and more accessible land use (such as
affordable housing that is accessible to services and employment areas) tend to provide
this benefit.62

Transport systems experience significant economies of scale. As more people walk, ride
bicycles, use rideshare programs, or ride transit, more services can be provided for these
modes. It is virtually impossible to provide high quality, affordable mobility to non-
drivers in automobile dependent communities.63

As with land use impacts, there is general agreement that these costs should be
considered in planning and policy decisions that affect future travel choices. For example,
when comparing various congestion reduction options (e.g., road widening, transit
improvements, and TDM programs), planners should indicate whether they will affect
travel choices for non-drivers. There is less agreement as to whether reduced option and
equity value should be considered a cost of motor vehicle use, for example, as a mileage
surcharge. The justification for doing this is that driving creates automobile dependency
which reduces travel choices. However, these are long-term impacts that are difficult to
assign to any particular mile of automobile use.

Although it is difficult to quantify, a lower-bound estimate of this cost can be calculated
based on subsidies to public transit services, which, outside of some high-volume
corridors, exist primarily for option and equity values. Walking, bicycling, ridesharing,
telecommuting and land use management strategies can also increase travel choices and
benefit disadvantaged people, and so should be recognized as providing similar benefits.

                                               
61 Todd Litman, Evaluating Transportation Equity, VTPI (www.vtpi.org), 1998.
62 Elmer Johnson, Avoiding the Collision of Cities and Cars, American Academy of Arts and Sciences
(Chicago), 1993.
63 Peter Newman and Jeffrey Kenworthy, Cities and Automobile Dependency, Gower (Aldershot), 1989;
Todd Litman, The Costs of Automobile Dependency, VTPI (www.vtpi.org), 1998.
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Summary of Cost Categories
Table 16 summarizes transport costs and indicates their distribution.

Table 16 Transportation Cost Categories
Cost Definition Distribution

1. Vehicle Ownership Fixed vehicle expenses. Internal-Fixed
2. Vehicle Operation User expenses that are proportional to travel. Internal-Variable
3. Operating Subsidies Vehicle expenses not paid by the user. External
4. User Travel Time Time spent traveling. Internal-Variable
5. Internal Accident Vehicle accident costs borne by users. Internal-Variable
6. External Accident Vehicle accident costs not borne by users. External
7. Internal Parking Parking costs borne by users. Internal-Fixed
8. External Parking Parking costs not borne by users. External
9. Congestion Delay each vehicle imposes on other road users. External

10. Barrier Effect
The disamenity roads and vehicle traffic imposes on
pedestrians and bicyclists. Also called “severance.” External

11. Road Facilities Road expenses not paid by user fees. External
12. Municipal Services Public services devoted to vehicle traffic. External
13. Roadway Land Value Opportunity cost of land used for roads. External
14. Air Pollution Costs of motor vehicle emissions. External
15. Noise Costs of motor vehicle noise. External
16. Resource Consumption External costs resulting from resource consumption. External
19. Water Pollution Water pollution and hydrologic impacts of vehicles & roads. External
18. Waste Disposal External costs from motor vehicle waste disposal. External

19. Land Use Impacts
Economic, environmental and social costs resulting from
low density, auto oriented land use. External

20. Option & Equity Value Reduced travel choices, especially for disadvantaged people. External

Table 17 shows these costs grouped by their distribution. These distinctions are important
because they determine how a cost affects various decisions. Automobile owners decide
how much to drive based primarily on their internal, variable costs. Public agencies tend
to place more weight on market costs than on nonmarket costs.

Table 17 Motor Vehicle Cost Distribution  (Italics = Nonmarket)

Variable Fixed

Internal
(User)

Fuel
Short term parking
Vehicle maintenance (part)
User time & stress
User accident risk

Vehicle purchase
Vehicle registration
Insurance payments
Long-term parking facilities
Vehicle maintenance (part)

External
Road maintenance
Traffic law enforcement
Insurance disbursements
Congestion delays
Environmental impacts
Uncompensated accident risk

Road construction
“Free” or subsidized parking
Traffic planning
Street lighting
Land use impacts
Social inequity

How a cost affects transport decisions tends to vary depending on whether it is internal,
external, fixed, variable, market, or nonmarket.
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Cost Estimate Summary
This section summarizes estimates for each of the twenty identified costs for eleven travel
modes under three travel conditions. Cost values in 1996 U.S. dollars.

The report Transportation Cost Analysis provides estimates of the twenty costs described
above for the eleven travel modes (defined below in Table 18) under urban peak, urban
off-peak and rural travel conditions. Costs are categorized according to whether they are
market or nonmarket, internal or external, fixed or variable. This framework is useful for
evaluating and comparing the costs of different travel modes, and the incremental costs
and potential cost savings from alternative policies and investments.

Table 18 Modes Defined
Description

Average Automobile
A medium sized car that averages 21 mpg. Occupancy averages 1.5 overall, and
1.1 for Urban Peak (commute) travel.

Compact Car A small four passenger car that averages 40 mpg overall.
Electric Car A battery powered electric car that consumes 0.5 kWh per mile of travel.
Van or Light Truck A van or light truck that averages 15 mpg. Occupancy is same as an automobile.
Rideshare Passenger The incremental cost of a carpool, vanpool or transit passenger.

Diesel Bus
A 40 foot bus with an Urban Peak occupancy of 25 passengers, and an overall
average occupancy of 9.3 passengers, averaging 4.0 mpg.

Electric Bus/Trolley
A bus or trolley with peak period occupancy of 30 passengers, an overall average
occupancy of 14 passengers, and 6.5 mpg energy equivalent.

Motorcycle A medium size motorcycle that averages 50 mpg.
Bicycle A moderate priced bicycle.
Walk A relatively healthy person traveling an average of 10 blocks per trip.
Telecommute Two 11 mile commute trips avoided when employees work from home.

This table defines the eleven travel modes whose costs are estimated.
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Figure 1 illustrates average automobile costs in descending magnitude. The largest costs
are internal. Travel time, vehicle ownership, vehicle operation and uncompensated
accident risk to vehicle occupants are the largest four cost categories. External costs tend
to be smaller but are numerous.

Figure 1 Automobile Costs Ranked by Magnitude
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The largest costs are internal. External costs are individually small, but numerous.

Figure 2 illustrates the overall distribution of total automobile costs. About a third of total
costs are external and about a quarter of costs are internal but fixed. Less than half of
total costs are internal-variable (the “price” that affects individual trip decisions).

Figure 2 Automobile Cost Distribution
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44%

Less than half of total automobile costs are internal-variable.
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Figure 3 compares automobile costs under different travel conditions. It shows that some
costs, particularly congestion and parking are significantly higher under urban peak
conditions, but other costs are less affected by travel conditions.

Figure 3 Automobile Costs By Travel Conditions
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Congestion and parking costs vary significantly depending on travel conditions.

Vehicle-mile costs are converted into passenger-mile costs by dividing these values by
vehicle occupancy (the average number of passengers in a vehicle). Figure 4 illustrates
the distribution of costs per passenger-mile under different travel conditions.

Figure 4 Automobile Cost Distribution By Travel Conditions
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Costs tend to vary depending on travel conditions.
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Figure 5 compares the average costs of different modes. Figure 6 compares these costs
under Urban Peak conditions.

Figure 5 Costs By Mode, Overall Average
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The magnitude of costs varies significantly between modes.

Figure 6 Costs By Mode, Urban Peak Conditions
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Automobile costs are significantly higher under Urban Peak travel conditions, while
transit costs are low due to reduced externalities and high load factors.
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Here are some points to note from these figures:

• Costs of all personal motor vehicles (cars, vans, trucks, etc.) are significantly higher under
urban peak conditions due to higher congestion and parking costs and lower occupancy rates.

• Compact cars have slightly lower costs than an average automobile, but differences in total
costs are modest.

• Electric cars have slightly lower external costs (reduced pollution and energy externalities),
but this tends to be offset by increased user costs, resulting in slightly higher overall costs.

• Ridesharing is the lowest cost mode since using a seat that would otherwise travel empty
incurs minimal incremental cost besides the passenger’s travel time and crash risk.

• Transit (bus and trolley) travel costs are much lower under urban peak conditions due to high
load factors. This is where public transit provides the greatest potential savings.

• Transit has lower costs per passenger mile than automobile travel under urban peak
conditions, but motorists have little incentive to use transit because internal-variable costs are
comparable (i.e., they must pay fixed vehicle charges regardless and are not usually charged
for congestion, pollution or parking, so they perceive no internal savings from riding transit
rather than driving).

• Motorcycle costs tend to be high due to high crash costs, low load factors, and low average
annual mileage (less than 3,000 miles per year), resulting in high ownership costs.

• Walking and bicycling have minimal external costs, but high internal variable costs (time and
crash risk). Total costs of these modes are highly dependent on the value users place on time
spent walking and cycling.

• Telecommuting has internal-fixed costs (home office expenses), and some external costs
because it tends to encourage urban sprawl and additional home-based vehicle trips.

Of course, a particular vehicle or trip may have costs that differ significantly from these
averages. For example, the air pollution costs of a particular trip may be much higher or
lower than these generic estimates, because of the individual vehicle’s characteristics,
where it is driven, or how it is driven.
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Costing Applications
This section describes potential applications of transportation costing information.

1. Evaluating Investment and Policy Options
Comprehensive costing information is essential for making good planning and investment
decisions. Consider the following example, based on a real situation.

A highway between a city and nearby suburbs experiences increasing traffic congestion.
Planners consider two options for solving this problem: widen the highway at a cost of
$250 million, or construct a light rail system parallel to the highway, at a cost of $300
million. Each option could carry 3,000 additional peak-period commuters.

A conventional analysis (which takes into account project construction costs, congestion
reduction benefits, vehicle operating costs and transit fares) concluded that the highway
option is most cost effective, but it overlooked some significant impacts. It ignored
parking and surface street congestion. If 3,000 additional commuters travel by car,
somebody (businesses, governments or users) must pay for 3,000 additional parking
spaces. The additional vehicles will also exacerbate surface street traffic congestion once
they exit the highway. These costs are largely avoided by the transit option.

The conventional analysis also ignored potential consumer benefits of improved transit
service. Although automobile and transit trips have comparable variable costs for a
typical commute trip (i.e., transit fares are about the same as vehicle fuel costs), this
assumes that each traveler has a car, and ignores long-term mileage-based vehicle costs
(vehicle “wear-and-tear” costs typically average about 10¢  per mile). Transit
improvements increase travel options for non-drivers, and allows vehicle to be shared
among household members, allowing some households to own fewer vehicles or defer
replacement of an older vehicle. The transit option therefore provides additional option
and equity value, and consumer financial savings over the highway option.

Transit also tends to reduce crash risk and pollution, and encourages higher employment
and residential densities. This helps preserve greenspace, reduces impervious surfaces,
and makes public transit, walking and cycling more feasible for other trips. Transit
improvements can therefore help support a community’s strategic transport and land use
objectives.

The box below illustrates differences between conventional and comprehensive analysis.
The conventional analysis considers the highway option $50 million cheaper. But a more
comprehensive analysis which takes into account additional benefits and costs concludes
that the transit option is most cost effective. This is not to suggest that comprehensive
cost analysis always shifts investments from highways to transit. Far from it. Under other
circumstances, transit may have greater costs and less benefits, and some communities
may choose highways over transport options regardless of their relative costs, just as
consumers don’t always buy the most cost effective vehicle. But decision makers should
have comprehensive information when evaluating options.
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Highway Vs. Transit Investments

Conventional Analysis
Light Rail: $300 million
Highway Expansion: $250 million

Highway Option Net Benefits: $50 million

Costs Not Considered:
Parking (assuming 3,000 urban parking
spaces with average cost of $10,000 each) ~$30 million

Surface street traffic congestion (assuming
3,000 additional vehicles traveling 10 mile per day,
300 days per year on surface streets during
peak periods, with an average cost of 20¢ per mile,
over 25 years with a 7% discount rate) ~$35 million

Vehicle Ownership Costs
(assuming $500 average annual cost savings per transit rider) ~$29 million

Environmental & Social Benefits Probably substantial

Transit Option Net Benefits $44 million+

Comprehensive analysis is particularly important for evaluating transportation demand
management (TDM) programs.64 For example, consider a third option for improving
access along the corridor described above based on TDM strategies, which might include
rideshare programs, bus service improvements and fare reductions, financial rewards to
commuters who use alternative modes, bicycling and telecommuting promotion,
increased parking charges, and road tolls.65

When making comparisons between modes it is important to take into account the
possible effects of generated traffic (additional vehicle travel that would not otherwise
occur).66 Transit improvements and TDM programs tend to reduce the total amount of
motor vehicle travel. On the other hand, highway capacity expansion accommodates and
encourages increased motor vehicle travel, thus increasing many associated costs.

Table 19 summarizes this comparison. It indicates that transit improvements and TDM
strategies reduce many costs, while highway capacity expansion increases many costs
due to the additional traffic it generates. The full benefits of TDM only become evident
with such a comprehensive analysis. A conventional analysis that focuses on facility
construction costs and vehicle operating costs overlooks many of these benefits.

                                               
64 Todd Litman, Guide to Calculating TDM Benefits, VTPI (www.vtpi.org), 1998.
65 Todd Litman, Potential TDM Strategies, VTPI (www.vtpi.org), 1999.
66 Todd Litman, Generated Traffic, VTPI (www.vtpi.org), 1999.



Transportation Cost Analysis Summary

27

Table 19 Cost Impacts of Three Transportation Improvement Options
Cost  Highway Transit TDM

Vehicle Ownership Same Reduced Reduced
Vehicle Operation/Fares Varies Varies Varies
Operating Subsidies/Revenues Same Subsidies Revenues
Travel Time Costs Varies Varies Varies
Internal Accident Same Reduced Reduced
External Accident Same/Increased Reduced Reduced
Internal Parking Same Reduced Increased
External Parking Increased Reduced Reduced

Congestion
Reduced on highway,
increased downstream Reduced Reduced

Barrier Effect Increased Reduced Reduced
Road Facilities Increased Reduced Reduced
Municipal Services Increased Reduced Reduced
Roadway Land Value Increased Reduced Reduced
Air Pollution Increased Reduced Reduced
Noise Increased Reduced Reduced
Resource Consumption Increased Reduced Reduced
Water Pollution Increased Reduced Reduced
Waste Disposal Increased Reduced Reduced
Land Use Impacts Increased Reduced Reduced
Option & Equity Value Increased Reduced Reduced

Two issues deserve special consideration in this type of analysis:

• Pricing strategies such as road tolls and increased parking fees represent economic transfers,
not true resource costs. The costs to users are offset by revenue to the businesses or agencies
that collect the charges. Only the transaction costs of paying and collecting the fees are true
resource costs.

• Second, shifting from driving to other modes often increases door-to-door travel times, but
this does not represent an increased cost if it results from a positive incentive, such as
improve transit service or parking cash out (see discussion in the section on travel time costs).
People only make such a change if they are better off overall. Those who choose transit may
prefer to avoid the stress of driving, while those who bicycle may appreciate the exercise.

Framing the Congestion Cost Question
If you ask, “Do you think that traffic congestion is a serious problem?” most people would
probably say yes. If you ask, “Would you rather improve roads or implement transportation
demand management programs?” a smaller majority would probably choose the road
improvement option. This is essentially how transportation choices are generally framed.

But if you present the choices more realistically by asking, “Would you rather spend a lot of
money widening roads to achieve moderate and temporary reductions in traffic congestion but
bear numerous economic, social and environmental costs, or would you rather create a more
balanced transportation system?” the preference for road building may disappear.
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2. Optimal Pricing67

Comprehensive costing information is essential for optimal pricing. A business that
cannot determine its full production costs and underprices its products would go
bankrupt. Although low prices stimulate sales and revenues, the firm loses money on
each transaction. Similarly, underpricing transport services results in lots of mobility but
incurs additional costs that harm the economy overall.

As described earlier, on average less than half of automobile costs are reflected in the
price (perceived-internal-variable costs). To describe this another way, the current
transport market fails to give individual consumers the savings that result when they
drive less. For example, a commuter who shifts from driving to transit reduces
congestion, parking, crash and environmental costs, but these savings are not passed
through prices to individuals who make such as shift. As a result, consumers lack the
incentive to use the most efficient travel option.

Many people find it intuitively sensible that prices should reflect the costs of producing
and using a good. This actually reflects two somewhat different principles. Economic
efficiency requires that prices reflect marginal costs. Horizontal equity and economic
neutrality require cost recovery unless there is a specific reason to subsidize a particular
good or group. Although there are exceptions, society is usually best off when prices
reflect marginal costs plus additional charges needed for cost recovery.

Although motorists are unlikely to demand, “Raise my prices please!”, consumers are
usually best off paying directly rather than indirectly for the costs they impose because
this allows them to save by reducing consumption. Although it may be fun to purchase an
occasional all-you-can-eat meal, such pricing encourages excessive eating. Consumers
generally purchase food by the dish so they pay for just what they eat.

A rich vocabulary exists to describe overpricing, which is said to “gouge” or “rip-off”
customers. There is no comparable vocabulary for underpricing, yet it is equally harmful
since the costs must be borne elsewhere in the economy. If taxes subsidize food, we eat
more but have less of things that are taxed, such as jobs, housing and clothes. Food
subsidies may be justified for undernourished people, but since over-eating can be as
unhealthy as under-eating, it is both economically and medically harmful to subsidize all
food for everybody. Similarly, broad underpricing of transport is harmful because it
requires subsidies from other economic sectors and results in excessive travel.

These inefficiencies are cumulative. Underpriced parking not only encourages inefficient
use of parking facilities, it also causes excessive traffic congestion, road costs, crashes
and pollution. Similarly, underpricing road use does not simply lead to excessive
congestion and road costs; it also increases parking costs, crashes and pollution. Over the
long run, underpriced driving leads to automobile dependency, which reduces travel
choices. Economic analysis that focuses on just one factor at a time underestimates the
harm that results from price distortions and the potential benefits from price reforms.

                                               
67 Todd Litman, Socially Optimal Transport Prices & Markets, VTPI (www.vtpi.org), 1998.
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Of course there are practical constraints to optimal pricing. Transaction costs limit how
precisely pricing can reflect costs. For example, although optimal pricing charges users
directly for parking, it would probably not be efficient to require motorists to feed coins
into a parking meter for a one-minute stop. However, new technologies and management
strategies can greatly reduce such transaction costs.

Underpricing may sometimes be justified for the sake of vertical equity. A certain amount
of driving could be considered a necessity that merits a low income discount. For
example, vehicle mileage fees could be lower for the first few thousand annual miles,
making a modest amount of driving more affordable. Similarly, if roads are tolled, each
resident might receive a few free passes each year. However, vertical equity does not
justify more than a small fraction of current vehicle subsidies.

Many people assume that the best way to internalize vehicle costs is to increase fuel
taxes, since this is a traditional way to charge for driving. But fuel taxes are a poor
indicator of most external costs. Optimal transport pricing requires several new fees, as
shown in Table 20, offset by reductions in vehicle ownership costs, general taxes and
consumer prices. These savings could be significant. For example, charging motorists
directly for local roads, congestion and pollution could raise enough revenue to eliminate
about half of Washington State’s sales taxes, one of the highest in the nation.68 Since
sales taxes discourage economic activity and are regressive this increases economic
productivity and equity.

Table 20 Optimal Pricing (Per Vehicle Mile)69

Cost Category
Weight-
Distance
Charges

Distance-
Based

Insurance
Emission
Charges

Parking
Charges

Fuel
Taxes

Con-
gestion
Pricing

Fines
&

Fees Totals
Roadway facilities $0.035 $0.035
Registration & Lic. $0.010 $0.010
Roadway land value $0.024 $0.024
Traffic services $0.010 $0.001 $0.011
Accidents $0.080 $0.001 $0.081
Air pollution $0.030 $0.010 $0.001 $0.041
Noise pollution $0.005 $0.001 $0.006
Water pollution $0.005 $0.005
Barrier Effect $0.005 $0.005
Land use impacts $0.010 $0.010
Congestion $0.020 $0.020
Parking facilities $0.010 $0.040 $0.001 $0.051
Fuel externalities $0.015 $0.015
General Taxes $0.003 $0.005 $0.008

Total $0.107 $0.080 $0.040 $0.040 $0.030 $0.020 $0.005 $0.322
Share of Total 33% 25% 12% 12% 9% 6% 2% 100%

This table summarizes average optimal charges for an automobile. Actual fees would
vary depending on vehicle type, travel conditions and other factors.

                                               
68 Todd Litman, Charles Komanoff & Douglas Howell, Road Relief, Climate Solutions
www.climatesolutions.org), 1998.
69 Todd Litman, Socially Optimal Transport Prices & Markets, VTPI (www.vtpi.org), 1998.
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3. Prioritizing Transportation Problems and Solutions
A comprehensive overview of transport costs is useful for comparing and prioritizing
problems and potential solutions. For example:

• Location decisions for public facilities such as schools often involve tradeoffs between real
estate costs and access. Decision makers must decide how much extra they should be willing
to pay for a location that increases access and reduces users’ travel costs.

• Traffic planners must allocate road space between general traffic, HOVs, parking, bicycles
and pedestrians. They must decide how much to constrain vehicle traffic to benefit other
travel modes and users of public roads.

• Highway planners must decide how much to pay extra for a route or design option that
reduces crash risk or environmental impacts.

• Policy makers must decide whether to develop telephone-based traffic information systems
which may reduce congestion but can increase accident risk associated with cellular
telephone use by drivers.70

• Public officials must decide what zoning requirements to establish for parking and road, or
what other policies to employ to reduce traffic and parking problems. This involves trading
motorists’ convenience against economic and environmental costs of increased pavement.

Transport planning frequently assumes that traffic congestion is the main transportation
problem communities face, so increasing road capacity is always beneficial. Similarly,
many location decisions are made to maximize motorist convenience, by choosing
locations near highways with abundant parking. Comprehensive cost analysis raises
questions these assumptions.

Our analysis ranks traffic congestion seventh out of the twenty cost categories, as
indicated in Figure 1. This indicates that decision makers should give greater emphasis to
road safety programs and strategies that allow consumers to reduce their total transport
costs, for example, by improving transit services so households can reduce their vehicle
ownership expenses, and by dispersing public services into neighborhoods (perhaps by
having several smaller facilities rather than a large centralized one).

                                               
70 Donald Redelmeier and Robert Tibshirani, “Association Between Cellular-Telephone Calls and Motor
Vehicle Collisions,” New England Journal of Medicine, Vol 336, No. 7, 13 Feb. 1997, pp. 453-502.



Transportation Cost Analysis Summary

31

4. Identifying Win-Win Strategies71

Advocates of current policies often claim that there are significant economic costs to
environmental protection and social equity. For example, the energy industry argues that
efforts to achieve global climate protection would significantly reduce economic
productivity and employment.72 Similar arguments are used to oppose efforts to reduce
urban sprawl and encourage alternative travel modes.73

However, several “Win-Win” strategies achieve a combination of economic, social and
environmental objectives. They are cost effective in terms of economic costs (such as
congestion relief, road and parking cost savings, road safety and consumer savings) and
provide social and environmental benefits. Such “no regrets” policies are justified
regardless of the value assigned to costs such as global warming or urban sprawl.

Win-Win strategies tend to increase consumer choices and reduce market distortions that
encourage excessive driving. Although no Win-Win strategy individually solves all
transport problems, if fully implemented to the degree that is economically justified they
could reduce or eliminate most transport problems. For example, a combination of such
strategies are projected to exceed the Kyoto emission reduction targets for transportation
while increasing economic productivity, consumer choice and equity.74

Comprehensive cost analysis is critical to identify and evaluate Win-Win strategies.75

These strategies are not currently implemented as much as justified because most
transport planning only considers a limited range of costs and benefits. Although Win-
Win strategies provide a variety of benefits, no single Win-Win strategy is considered the
best way to solve any individual problem. Solutions that provide many modest benefits
tend to be ignored unless a comprehensive framework is used.

Below are examples of Win-Win strategies:

• Least-cost (or “integrated”) transportation planning and funding.

• Regional transportation demand management (TDM) programs.

• Revenue-neutral tax shifts/direct user charges for local road and traffic service costs.

• Distance-based vehicle insurance and registration fees.

• Transportation efficient development and location efficient mortgages.

• More flexible parking requirements.

• Parking “cash out.”

                                               
71 Win-Win Transportation Solutions, VTPI (www.vtpi.org), 1998.
72 Global Climate Change Coalition economic impacts (www.globalclimate.org/economic.htm).
73 Wendell Cox, The Public Purpose (www.publicpurpose.com); Randal O’Toole, Ten Urban Transit
Myths, The Reason Foundation (www.reason.org).
74 Todd Litman, Charles Komanoff & Douglas Howell, Road Relief, EOC (Olympia; www.eoc.org), 1998.
75 Todd Litman, Comparing Emission Reduction Strategies, VTPI (www.vtpi.org), 1998.
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5. Equity Analysis76

Comprehensive costing can help evaluate equity impacts. It considers both market and
nonmarket costs imposed and borne by different groups, providing a multi-dimensional
perspective to equity analysis.

Horizontal Equity
Comprehensive cost analysis can help determine whether a particular group imposes or
bears an excessive portion of transport costs, benefits or subsidies. For example:

• It can help compare subsidies of different modes and groups. Both transit and automobile use
receive comparable subsidies per passenger-mile, but since motorists travel more per year on
average than non-drivers, they receive more annual subsidy. Non-motorized trips have
particularly small external costs compared with automobile and transit travel.

• It can indicate the equity of nonmarket external costs. Motor vehicle traffic tends to impose
uncompensated crash risk and pollution impacts on non-motorized travel. This might justify
motorist funding of pedestrian and bicycle facilities, both to provide protection from these
impacts and as compensation for these external costs.

• It can indicate the equity of costs between geographic groups. An average suburban resident
tends to drive in a nearby city more than a city resident drives in suburbs. This could justify
more motorist funding of regional transportation costs.

• It can help determine safety program priorities. Current traffic safety programs tend to focus
on motor vehicle occupant protection and devote fewer resources to increasing safety for
cyclists and pedestrians relative to the risk they bear.

Vertical Equity
Comprehensive cost analysis can help compare how a particular transport project or
policy is likely to affect different income and demographic classes. For example:

• It can help determine whether a particular TDM program or price strategy is overall
progressive or regressive. TDM programs that provide financial rewards or service
improvements for non-drivers are likely to be progressive, while those that increase prices
where there are poor travel alternatives may be regressive. It can take into account indirect
benefits to non-driving if price incentives (such as road tolls) lead to improved transit,
rideshare and non-motorized travel by increasing demand.

• It can help determine the distributional effects of traffic calming and traffic management
programs. These are likely to have progressive benefits, since disadvantaged groups are more
often urban residents, pedestrians, cyclists, who gain most from increased safety and a better
urban environment.

• It can help identify to what transport modes deserve subsidies for the sake of vertical equity.
If public transit is subsidized partly to provide basic mobility for disadvantaged groups,
pedestrian, bicycling, ridesharing and even telecommuting may deserve similar support.

                                               
76 Todd Litman, Evaluating Transportation Equity, VTPI (www.vtpi.org), 1998.
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Travel Effects of More Optimal Transport Markets

People often claim that Americans (or Germans, Mexicans, etc.) have a “love affair with
the car,” so efforts to reduce driving are futile. Some point out that vehicle travel is
inelastic with respect to fuel price (an increase in fuel prices causes a proportionally
smaller reduction in vehicle mileage). Others cite the failure of transit subsidies and
social marketing campaigns to reduce driving.

But vehicle travel is actually quite elastic with respect to total vehicle costs.77 Even
modest parking fees and road toll significantly effect travel behavior. Driving is inelastic
to fuel price because fuel represents a small portion of total vehicle costs (about 18% on
average), and motorists respond to long-term fuel price increases by choosing more fuel
efficient vehicles. For example, a 100% increase in U.S. federal or state fuel taxes would
increase fuel prices by about 25%, a 4% increase in total vehicle costs, increasing an
average motorist’s daily vehicle expenditures from $8.60 to $8.95. This could be
expected to reduce vehicle mileage by about 3%, and total fuel use by 10% over the long
term as motorists choose more fuel efficient vehicles.

There is evidence that even relatively wealthy people would prefer to drive less and use
alternative transport modes more but are discouraged by a lack of choice and market
distortions. For example:

• Middle-class transit use has increased in communities that develop high quality transit
systems, and non-motorized travel has increased in communities with good walking and
cycling facilities.

• Urban neighborhoods with balanced transport systems are experiencing increasing property
values and attracting middle-class households.

• Automobile commuting declines significantly at worksites that offer parking cash out and
other TDM strategies.

• Many popular resorts and tourist attractions restrict automobile use.

Optimal transport planning and pricing would not eliminate every automobile trip or
cause most households to give up car ownership, but it could have a significant effect on
overall vehicle travel. Table 21 shows estimated travel impacts of optimal transport
prices and planning. Most individual reforms would affect just a few percent of total
vehicle travel but their cumulative impacts could be large.

                                               
77 Olof Johansson and Lee Schipper, “Measuring the Long-Run Fuel Demand for Cars,” Journal of
Transport Economics and Policy, Vol. 31, No. 3, 1997, pp. 277-292; ICF Incorporated, Opportunities to
Improve Air Quality Through Transportation Pricing Programs, USEPA (Washington DC;
www.epa.gov/omswww/market.htm), 1997.
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Table 21 Travel Impacts of More Optimal Transport Markets78

Strategy Average Fee Per Mile Travel Reduction
Weight-distance charges $0.107 20.0%
Comprehensive, distance-based insurance $0.080 16.3%
Pollution fees $0.040 8.7%
Congestion pricing $0.020 4.5%
Parking charges $0.040 8.7%
Fuel taxes (increase over current price) $0.005 1.2%
Least cost transport planning ?
Land use policy reform ?
Other TDM strategies (e.g., increased carsharing,
traffic calming, location efficient mortgages, etc.). ?

Totals $0.297 40-60%

Note that these reforms could actually make vehicle ownership cheaper, since fixed
insurance and registration fees would be reduced, and car sharing (a TDM strategy)
would become more common. Many low income households would find driving more
affordable, and it would become cost effective to own a vehicle that is only used
occasionally. However, vehicle operating costs would be higher and travel options would
increase, giving vehicle owners more incentive to use alternative travel options when
available.

Although it is difficult to predict the precise impacts of such large price changes, optimal
pricing is likely to reduce motor vehicle travel by 40-60% over the long term. The lower
estimate probably represents the travel impacts if optimal pricing is implemented alone,
and the upper estimate represents the impacts that could result if pricing is implemented
with other TDM strategies.

To describe this another way, 40-60% of current motor vehicle travel appears to result
from market distortions that underprice driving, reduce consumer choice, and encourage
more dispersed and inefficient land use patterns. Given more travel options and more
neutral pricing, consumers would choose to drive less and would be better off overall.

These estimates are consistent with international data showing that per capita vehicle
travel is 40-60% lower in wealthy countries which have significantly higher fuel taxes
and more balanced transport investment policies. However, even in these countries have
avoidable market distortions that favor driving. For example, none have distance-based
vehicle insurance, parking is often free, and tax policies favor company car subsidies.

                                               
78 Todd Litman, Socially Optimal Transport Prices & Markets, VTPI (www.vtpi.org), 1998.
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Criticisms of Transportation Costing79

This section discusses some criticisms of transportation costing.

1. Uncertainty of Cost Estimates
Some costs identified in this research are difficult to measure, either due to of limited
research or because they are inherently difficult to quantify. For example, parking
subsidies are technically easy to calculate but until recently little effort had been made to
measure them, while sprawl costs are technically difficult to quantify and attributed to a
particular transport activity. However, it is analytically wrong to ignore costs simply
because they are difficult to measure. It is better to use the best available cost estimates
and apply sensitivity analysis (perform analysis with high- and low-range values).

Excluding or using only low estimates of uncertain costs is often defended as being
“conservative,” implying that this approach is cautious. Use of the word conservative in
this context is confusing because it actually results in the opposite of what is implied.
Low cost estimates undervalue damages and risks, which is less cautious and
conservative than would be higher cost estimates. As stated by one expert in nonmarket
costing, “A crude approximation, made as exact as possible and changed over time to
reflect new information, would be preferable to the manifestly unjust approximation
caused by ignoring these costs, and thus valuing environmental damage as zero.”80

It may be unnecessary to incorporate monetized estimates of all costs in a particular
situation. Some estimates are too controversial to address in a transport planning process.
Other costs may be too small in a particular situation to be significant. However, costs
that are excluded from quantitative analysis because they are difficult to measure should
be described qualitatively. For example, if analysis comparing alternative transportation
investments does not include a monetized estimate of sprawl costs, it could still have a
discussion of the likely land use impacts of the different alternatives, including
information on economic, social and environmental costs of increased sprawl.

2. Definition of Externalities
Critics of transport costing often argue that congestion, crash and facility costs are not
externalities since they are borne largely by motorists as a group. This claim could be
made about almost any cost since most North American households own an automobile.
This argument reflects a misunderstanding of the economic concept of externality. It
assumes that costs imposed by one member of a group on other members of the same
group are internal. This makes no more sense than to suggest that stealing is acceptable if
done against somebody who shares a “group” attribute (a common ethnic, consumer or
income status). An external cost is a negative impact of consumption that the individual
consumer (the user of the good causing the impact) does not bear. External costs fail to
give consumers accurate price signals. Whether the cost is borne by somebody who is
similar or different from the user does not affect whether it is an externality.

                                               
79 Todd Litman, Reply to Criticisms of Transportation Costing, VTPI (www.vtpi.org), 1998.
80 Richard Ottinger, “Incorporating Externalities - The Wave of the Future,” in Expert Workshop on
Lifecycle Analysis of Energy Systems, OECD (Paris; www.oecd.org), 1993, p. 54.
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The critics’ argument reflects sector level analysis, which is common in politics where
decisions are based on the influence of groups, but has little meaning in economics which
focuses on decisions by individual consumer and firms. Motorists’ costs imposed on
other motorists might be considered equitable if each had the same costs, but in practice
some motorists impose or bear much greater costs than others. In any case, costs imposed
by a motorist on others are inefficient (they fail to give accurate price signals) regardless
of whether they are borne by another motorists or a non-motorist.

To describe this another way, external costs represent a subsidy of one activity at the
expense of other activities. For example, road and parking subsidies make driving
cheaper and housing more expensive. This price distortion encourages consumers to drive
more and have lower quality housing than they would choose in a more neutral market.
Only if consumers pay directly for the costs they impose can they choose the combination
of goods and services that provide them the greatest net benefit. For this reason,
economic efficiency requires that costs be internal at the individual level.

3. Transportation Benefits
Critics argue that focusing on costs ignores transport benefits. This is untrue. Virtually all
cost studies acknowledge the tremendous benefits provided by transport in general and
automobile use in particular. In addition, most transport benefits are measured in terms of
reduced costs. For example, road improvements reduce travel time, crashes and vehicle
costs. Cost analysis is therefore the basis for measuring benefits as well as costs.

However, the true benefits of driving can only be revealed in a competitive transport
market in which consumers have viable travel alternatives with full-cost pricing of each
option. If driving is really superior it shouldn’t need subsidies. The simple existence of
benefits does not justify underpricing. Consumers pay for most goods they use regardless
of how beneficial, including food, clothing and shelter, unless there is a specific reason
for a subsidy. Broad subsidies for driving are only justified if there are external marginal
benefits (people benefit overall if their neighbors drive more) that are significantly greater
than external marginal costs. Studies have found few external benefits from driving, and
virtually no external marginal benefits.81

 As an analogy, food provides tremendous benefits, since without it people die. However,
this does not mean that increased eating is necessarily beneficial, that current diets are
optimal, or that society should subsidize all food. At the margin (i.e., relative to current
consumption) many people are better eating less, both because overeating is unhealthy
and because reduced food expenditures would leave more resources for other beneficial
goods. Similarly, that mobility provides benefits does not prove that more driving is
better or that all driving should be subsidized. Only if market distortions that encourage
excessive driving are removed can consumers optimize their vehicle expenditures.
 

                                               
81 Werner Rothengatter, “Do External Benefits Compensate for External Costs of Transport?”,
Transportation Research, Vol. 28A, 1991, p.321-328;  Dr. Heini Sommer, Felix Walter, Rene
Neuenschwander, External Benefits of Transport?, ECOPLAN (Bern), March 1993.
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The highway industry argues that roadway investments cause economic growth and
external economic benefits,82 but independent researchers challenge these conclusions.83

Increasing highway capacity provides only marginal productivity benefits in regions that
already have adequate road networks.84 One study found that U.S. highway expenditures
provided relatively high economic returns through the 1980s, but the rate of return has
since declined below that of private investments.85 This is to be expected as fewer
expenditures are for new highways that improve basic access to a community (which can
have broad external economic benefits), and more expenditures are to increase highway
capacity in congested areas (which provides little external economic benefits).

Even if highway expenditures increase economic productivity, they are not necessarily
the best investment, nor does this prove that underpricing and subsidizing motor vehicle
use is good policy. Highway improvements can have harmful as well as beneficial
impacts on a local economy.86 Investments in alternative modes and management
strategies that encourage more efficient use of existing road capacity tend to provide
more economic benefit than expanding existing highways to reduce congestion.87

Automobile dependency (which results when highway investments are made at the
expense of other travel modes) can be economically harmful over the long run by
increasing direct and indirect costs, and reducing local employment.88 Only by
considering all costs can society be sure that transport investments and policies optimize
economic and society benefits.

The first highway to your town is likely to benefit virtually everybody through reduced
consumer costs and increased productivity, but expanding that highway to four or six
lanes to reduce peak-period congestion will tend to benefit only the people who use that
additional capacity. The community may benefit far more from transit improvements or
TDM programs that encourage more efficient use of existing road capacity, or from
changes in land use patterns (such as more residential development near employment
centers) that reduces commute distances. Certainly, the existence of broad benefits from
having a highway to your town does not indicate that you should also subsidize other
costs imposed by highway users, such as parking or crash damages.

                                               
82 Transportation and the Economy, AASHTO (www.aashto.org), 1998.
83 Amy Helling, “Transportation and Economic Development; A Review,” Public Works Management &
Policy, Vol. 2, No. 1, July 1997, pp. 79-93.
84 Marlon Boarnet, “New Highways & Economic Productivity: Interpreting Recent Evidence,” Journal of
Planning Literature, Vol. 11, No. 4, May 1997, pp. 476-486.
85 M. Ishaq Nadiri and Theofanis Mamuneas, Contribution of Highway Capital to Output and Productivity
Growth in the US Economy and Industries, FHWA (www.fhwa.dot.gov/aap/gro98cvr.htm), 1998.
86 Standing Committee on Trunk Road Assessment, Transport Investment, Transport Intensity and
Economic Growth, DETR (London; www.roads.detr.gov.uk/roadnetwork/heta/sactra98.htm), 1997.
87 Phil Goodwin, Solving Congestion, Inaugural lecture for the Professorship of Transport Policy,
University College London (www.ucl.ac.uk/~ucetwww/pbginau.htm), 1997.
88 Todd Litman and Felix Laube, Automobile Dependency and Economic Development, VTPI
(www.vtpi.org), 1998.
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4. Sunk Costs – Marginal Pricing
From a marginal cost perspective, cost recovery is unnecessary, so sunk costs need not be
included in prices. This suggests, for example, that if parking fees result in some parking
spaces left unused, beneficial automobile trips will be foregone and resources wasted.
The same argument could be made for roads: the costs have already been paid so
consumers may as well use them. Below are countervailing arguments.

• The main input in roads and parking facilities is land, which virtually always has an
opportunity cost. Excess capacity can be sold, rented, used for another type of facility, or
converted to greenspace.

• Underpricing implies a subsidy, which is horizontally inequitable and a market distortion
since most other goods are priced for cost recovery. Since somebody must pay for parking
facilities and roads, it may as well be users. Only if there is a particular reason to favor
motorists over other consumers, or automobile travel over other modes should roads and
parking be subsidized by non-users.

• Charging users directly determines the true demand. Free parking increases demand which
results in excessive parking requirements, and stimulates automobile travel and automobile
dependency. Priced parking is therefore essential for long-run economic efficiency.

• Underpricing parking “leverages” additional driving that increases other costs. As long as
there are other external costs associated with driving (congestion, crashes, pollution, etc.)
underpricing parking and roads exacerbates the economic inefficiency of other externalities.

5. Affordability and Vertical Inequity
More optimal pricing and investments are often criticized as harming poor people. Critics
claim that road pricing and investments in alternative modes would create an elitist
transport system that benefits the rich (who would enjoy uncongested roads), while low
income motorists are forced to use inferior travel options, such as public transit, walking
and bicycling. But these arguments ignore some important points:

• Current transport pricing harms low income households, who either cannot afford a car or
spend an excessive portion of their income on vehicle ownership. A more optimal market
could actually increase low income drivers’ access to automobiles by reducing fixed
insurance costs and increasing carsharing options.

• Our current system is particularly harmful to non-drivers. More optimal transport investments
and pricing would increase non-automotive travel options by increasing demand for transit,
ridesharing, walking and bicycling.

• Subsidies to driving increase housing costs, taxes, and other consumer costs. A price shift that
increases automobile costs while reducing housing and tax cost would tend to benefit low
income households, who tend to drive less than average.89

• Optimal pricing can be structured to address equity concerns. For example, fees can increase
with annual mileage, residents could receive a limited number of free or discounted toll
passes (providing a basic amount of affordable driving), and revenues can reduce regressive
taxes or improve mobility services for non-drivers, providing overall equity benefits.

                                               
89 Todd Litman, Parking Requirement Impacts on Housing Affordability, VTPI (www.vtpi.org), 1998.
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6. Roadway Cost Recovery – Conflicting Studies
The automobile industry has responded to transportation cost research with its own
studies which claim that motorists pay more taxes than is spent on roads.90 But these
studies incorrectly treat all taxes as “user fees,” including general sales and property taxes
on motor vehicles and vehicle fuels.91 Suggesting that all taxes are “user fees” is
equivalent to suggesting that automobiles and vehicle fuel should be exempt from general
taxes, representing a subsidy to driving.

Highway advocates also argue that “diversions” of fuel taxes to non-highway accounts
represents an overpayment. In fact, many states and provinces that have general sales
taxes specifically exempt vehicle fuel, dedicating all fuel tax revenue to transportation
accounts. One study concludes that vehicle fuel receives the equivalent of a 30% general
tax discount.92 Using special fuel taxes for non-highway purposes can be considered to
offset these general tax exemptions, or they can be considered an excise tax to fund
government expenditures that support the petroleum industry.

There are two arguments for using fuel taxes to support public transit in particular. First,
transit improvements are often the cheapest way to reduce traffic congestion, and so is
simply a cost effective way to benefit motorists. Second, transit funding is justified on
equity grounds, both because on a passenger-mile basis driving imposes excessive
congestion costs on transit users (horizontal inequity), and because transit users tend to be
disadvantaged relative to motorists (vertical inequity).

7. Political Unacceptability
If cost analysis simply indicates that automobile taxes and fees should increase and
highway funds should be shifted to transit, it could be irrelevant to decision makers who
face anti-tax sentiment and consumer preference for driving. But transportation costing
implies a variety of reforms, many of which do not involve new taxes or constraints on
driving. Most benefit motorists and non-motorists alike, and many can provide long-term
tax and consumer cost savings. Their main barrier is not voter or consumer opposition but
residence by institutions that are reluctant to change existing practices.

There is popular support for more balanced transportation, as reflected in voter support
for transit funding, and consumer demand for neotraditional neighborhoods. People value
having more transport choices and are skeptical of further investments in highways. Anti-
tax sentiment can waver. Most communities occasionally have revenue needs that have
broad citizen support, whether this is road improvements or a sports facility. Raising such
revenues through fuel or parking taxes can help achieve transport objectives. Similarly,
developers who implement effective TDM programs could be charged lower impact fees
to reflect their smaller contribution to road costs.
                                               
90 Rayola Dougher, Estimates of Annual U.S. Road User Payments Versus Annual Road Expenditures,
American Petroleum Institute (Washington DC; www.api.org), March 1995; Z. A. Spindler, Automobiles in
Canada; A Reality Check, Canadian Automobile Association (Ottawa; www.caa.ca), 1997.
91 Urban Institute, Rationalization of Procedures for Highway Cost Allocation, Trucking Research Institute
(Washington DC), 1990, p. 53.
92 Joe Loper, State and Local Taxation: Energy Policy by Accident, The Alliance to Save Energy
(Washington DC; www.ase.org), 1994.
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8. Costing is Anti-Automobile, Anti-American and Anti-Consumer
Some critics suggest that transportation costing is unpatriotic and harmful to consumers,
since North American communities are automobile dependent.93 Cost-based pricing is
described as “punitive,” as if intended to castigate motorists for bad behavior.

Such statements reflect an ideological rather than an economic perspective, and a
fundamental misunderstanding of transport costing. Transport costing is not a debate
about whether automobiles are “good” or “bad,” or a popularity contest between modes.
It is a technical exercise to identify the full impacts and potential cost savings of various
transport options. Price reforms are not a punishment, they simply reflect direct user
payment of costs, just as users are expected to pay for most goods they consume.

Transport costing and TDM programs are no more “anti-automobile” than a healthy diet
is “anti-food.” An optimal diet requires an appropriate balance of foods. An optimal
transport system requires an appropriate balance of travel choices. Existing market
distortions that underprice driving do not provide overall benefits. A more optimal
transportation market would not eliminate automobiles and truck use. In fact, they would
probably remain the most common form of transport overall. But some travel would
probably shift to other modes, and consumers would be better off overall. Transportation
costing is the key to determining what level of automobile use is optimal.

                                               
93 James Dunn, Driving Forces, Brookings (www.brookings.edu), 1998; Z. A. Spindler, Automobiles in
Canada; A Reality Check, Canadian Automobile Association (Ottawa; www.caa.ca), 1997.
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Conclusions

If you ask people to list transportation costs, most would probably include fares for
transit, rail and air travel, and vehicle operating expenses. Motorists might include
vehicle ownership expenses. Some might include their nonmarket costs such as travel
time, comfort and accident risk. They might complain about congestion and other traffic
impacts they bear, but may ignore the congestion and other negative impacts they
impose. Many might overlook other external costs, such as public expenditures on roads,
parking, traffic services, and medical services for crash victims, and particularly
nonmarket externalities such as pollution and other ecological impacts. What are the true
costs of transport? All of these, of course.

Recent research has expanded the range of costs to consider in transportation planning.
This information has many potential uses. More comprehensive cost analysis is essential
for identifying the most optimal investments, pricing and policies, and for incorporating
equity into transport decision making.

Advocates for the current transport system often argue that automobile dependency
reflects consumer preferences, but costing research indicates otherwise. Current high
levels of motor vehicle use reflect market distortions. Transportation in general, and
automobile travel in particular, are underpriced. Motorists typically perceive less than
half of their total costs when making trip decisions. In addition, transport planning
practices that overlook significant costs skew investment and policy decisions toward
automobile dependency and away from alternatives that may be more efficient and
equitable overall. As a result, consumers lack viable travel alternatives. Given a less
distorted market consumers would choose to drive less and be better off as a result. How
much less? It is difficult to predict exactly, but reductions of 40-60% are possible over
the long term.

Costing information can help transportation professionals achieve optimal levels of motor
vehicle use. Widening highways, increasing parking supply, increasing traffic speeds, and
minimizing vehicle costs may be futile objectives if they simply exacerbate problems
associated with driving. Strategies that encourage more efficient travel behavior are likely
to provide greater overall benefit.

This is not a debate over whether driving is “good” or “bad.” This research is not “anti-
automobile.” Rather, it can help indicate ways to benefit motorists and non-motorists
alike by increasing consumer choices, efficiency and equity. More optimal pricing could
actually increase some people’s ability to drive by reducing the fixed vehicle ownership
costs and increasing carsharing services. However, higher operating costs would
encourage vehicle owners to reduce their driving and use alternatives when available.

There are many reasons to support reforms that increase travel choices and reduce market
distortions, so there are opportunities to create broad coalitions involving organizations
with a wide range of economic, development, consumer, social and economic objectives.
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Appendix

Transportation Cost Literature Review
Several previous studies have attempted to estimate the full costs of transportation.94 The
eighteen cost studies summarized in this appendix were selected because they are
especially comprehensive, include original research, or represent a unique perspective.
Taken together they indicate current knowledge and trends in this field. Table A-7
summarizes costs in these studies.

1. Keeler, et al, The Full Costs of Urban Transport; Intermodal Comparisons, Institute of Urban
and Regional Development (Berkeley), 1975. This report compares commuting costs of
automobile, bus and rail in the San Francisco Bay area. It includes calculations of marginal
congestion costs, public services, noise, air pollution, facilities, accidents, parking, and user costs.
This is the oldest study of its type. The analysis is still highly regarded.

2. Michael Cameron, Transportation Efficiency: Tackling Southern California’s Air Pollution
and Congestion, Environmental Defense Fund (Oakland; www.edf.org), 1991. Estimates external
transport costs to argue for pricing as a demand management strategy. External costs include air
pollution, congestion, and parking. The follow-up study, Efficiency and Fairness on the Road,
(1994) by the same author extends this research to cover equity impacts.

3. Mark Hanson, Results of Literature Survey and Summary of Findings: The Nature and
Magnitude of Social Costs of Urban Roadway Use, U.S. Federal Highway Administration
(Washington DC), July 1992. Identifies external costs of urban roadway transportation and
describes costing methods.

4. James MacKenzie, Roger Dower, and Donald Chen, The Going Rate, World Resources
Institute (Washington DC; www.wri.org), 1992. A comprehensive study of U.S. motor vehicle
costs. Cost categories include roadway facilities and services, parking, air pollution and global
warming, security costs of importing oil, congestion, motor vehicle accidents, noise, and land
loss. The report’s conclusion that driving incurs $300 billion annually in external costs is widely
quoted.

5. Per Kågeson, Getting the Prices Right; A European Scheme for Making Transport Pay its True
Costs, European Federation for Transport and Environment (Bruxelles), 1993. This study
estimates pollution, accident and infrastructure costs in European countries. Cost summaries for
the UK are shown in Table A-1. Similar estimates are made for other European countries.

Table A-1 External Transport Costs (ECU/1000 passenger km)
     Mode Air  Pollution CO2 Noise Accidents Total Total ($/mile)

Car 14.6 4.5 0.9 8.9 28.9 $0.060
Electric train 0.9 2.2 0.2 3.8 7.1 $0.015
Aircraft 7.3 9.2 1.2 0.2 17.9 $0.037

                                               
94 For literature reviews see David Greene, Donald Jones and Mark Delucchi, The Full Costs and Benefits
of Transportation, Spinger (Berlin), 1997; James Murphy and Mark Delucchi, “A Review of the Literature
on the Social Cost of Motor Vehicle Use in the United States,” Journal of Transportation And Statistics,
Vol. 1, No. 1, January 1998, pp. 15-42.
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6. KPMG, The Cost of Transporting People in the British Columbia Lower Mainland, Transport
2021/Greater Vancouver Regional District (Vancouver), March 1993. Develops cost estimates for
12 modes using local research and generic estimates. Costs are listed in Table A-2.

Table A-2 Costs of Transporting People in B.C. Costs

Direct User
Indirect
Parking

Transport
Infrastructure Time

Urban
Sprawl

Environmental
and Social

Fixed vehicle
costs.

Variable vehicle
costs.

Parking fees.

Residential.
Commercial.
Government.

Road construction.
Road maintenance.
Road land value.
Transit land value.
Protection services.

Personal.
Commercial

delays.

Infrastructure.
Loss of open

space.
Future

transport.

Unaccounted
accident costs.

Air pollution.
Noise pollution.
water pollution.

7. Works Consultancy, Land Transport Externalities, Transit New Zealand (Wellington), 1993.
This comprehensive study is part of New Zealand’s efforts to rationalize transport planning. It
attempts to describe all external costs of road transport, and identify costing methodologies. Cost
categories are shown in Table A-3. Cost estimates will be developed in future reports.

Table A-3 Works Consultancy Cost Categories
Pollution Effects Intrusion Effects Interference Effects Land Use

Air Pollution & Dust
Impacts on the Global

Atmosphere
Effects on Water Systems
Noise & Vibration
Disposal of Waste

Visual Effects
Habitat impacts.
Effects on Landscape
Archaeological Sites
Cultural & Spiritual Effects
Recreational Effects
Strategic Effects

Community Disruption
Urban and Rural Blight

and Stress of Change
Lighting Effects
Community Severance

and Accessibility
Hazard Effects

8. Peter Miller and John Moffet, The Price of Mobility, Natural Resources Defense Council
(Washington DC; www.crest.org/efficiency/nrdc/mobility), 1993. Attempts to quantify total costs
for automobiles, buses, and rail transport in the U.S. It is one of the most comprehensive efforts
in terms of costs described and quantified. Costs included are listed in Table A-4.

Table A-4 The Full Cost of Transportation in the USA
Personal Gov. Subsidies Societal Unquantified

Automobile
ownership.
Transit fares.

Capital and operating.
Local government.

Energy.      Congestion.
Parking.     Accidents.
Noise.        Vibration.
Air pollution.
Water pollution.

Wetland lost.
Farmland lost.
Historic property.
Property value impacts.
Inequity.      Sprawl.

9. Apogee Research, The Costs of Transportation, Conservation Law Foundation (Boston;
www.clf.org), March 1994. Estimates user, accident, congestion, parking, road facilities and
services, air pollution, water pollution, energy, and noise costs. Urban sprawl and aesthetic
degradation are mentioned but not estimated. A costing model is developed which calculates the
total cost of trips by nine modes, in three levels of urban density, during peak and off-peak
periods. This model is applied to case studies of Boston and Portland, Maine urban travel costs.
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10 Douglass Lee, Full Cost Pricing of Highways, USDOT Volpe National Transportation
Systems Center (Cambridge; http://ohm.volpe.dot.gov), January 1995. This study analyzes
optimal pricing for economic efficiency. Table A-5 summarizes Lee’s estimates of external costs.

Table A-5 Estimates of Highway Costs Not Recovered From Users ($1,000/yr)
Cost Group Cost Items Estimate

Highway Capital

Land (interest)
Construction:
    Capital Expenditures
    Interest
Land acquisition and clearance
Relocation of prior uses and residents
Neighborhood Disruption
Removal of wetlands, acquirer recharge
Uncontrolled construction noise, dust and runoff
Heat island effect

$74,705

42,461
26,255

Highway Maintenance Pavement, ROW, and structure maintenance 20,420

Administration
Administration and research
Traffic police

6,876
7,756

Parking
Commuting
Shopping, recreation, services
Environmental degradation

52,877
14,890

Vehicle Ownership Disposal of scrapped or abandoned vehicles 706

Vehicle Operation
Pollution from tires
Pollution from used oil and lubricants
Pollution from toxic materials

3,000
408

1

Fuel and Oil
Strategic Petroleum Reserve
Tax subsidies to production

4,365
9,000

Accidental Loss
Government compensation for natural disaster
Public medical costs
Uncompensated losses

8,535
5,850

Pollution

Air
Water
Noise and vibration
Noise barriers

43,444
10,861
6,443
5,117

Social Overhead

Local fuel sales tax exemptions
Federal gasohol exemption
Federal corporate income tax
State government sales taxes
Local government property taxes

4,302
1,129
3,389

13,218
15,962

Total
Current User Revenues

Loss
cents/VMT

$382,134
52,096

330,037
$0.152

11. “The Costing and Costs of Transport Externalities: A Review,” Victorian Transport
Externalities Study, Environment Protection Authority (Melbourne, Australia), 1994. Discusses
external cost implications, reviews costing methods, and estimates some costs.

12. Saving Energy In U.S. Transportation, Office of Technology Assessment (Washington DC;
Washington DC; www.wws.princeton.edu/~ota/ns20/year_f.html), July 1994. Comprehensive
analysis of transportation costs and their economic and environmental impacts. Includes estimates
of total U.S. motor vehicle costs based on preliminary results by Delucchi.

13. John Poorman, Estimating Marginal Monetary Costs of Travel in the Capital District, Capital
District Transportation Committee (Albany), April 1995. Describes a Least Cost framework and
model, with performance measures and monetized costs for evaluating transport investments and
policies, and comparing various modes.
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14. IBI Group, Full Cost Transportation Pricing Study, Transportation and Climate Change
Collaborative (Toronto), November 1995. This study estimates costs for truck, rail, automobile,
public transit and air travel in Ontario, Canada. Reviews cost estimates from previous studies.
Costs are divided into user charges, external costs, and “basic subsidies” (government costs
minus revenues). This is used to evaluate potential measures to encourage sustainable transport.

15. David Maddison, David Pearce, Olof Johansson, Edward Calthrop, Todd Litman, and Eric
Verhoef, The True Costs of Road Transport, Blueprint #5, Earthscan (London), 1996. Discusses
the economic efficiency and equity implications of roadway transport externalities. Develops
estimates of external costs in the U.K., including air pollution, noise, congestion, roadway facility
costs, and accident costs. Also includes individual chapters on roadway externalities in Sweden,
North America, The Netherlands, and international estimates.

16. Christopher Zegras with Todd Litman, An Analysis of the Full Costs and Impacts of
Transportation in Santiago de Chile, International Institute for Energy Conservation (Washington
DC, Santiago; www.iiec.org), sponsored by the Climate Change Division of the U.S.
Environmental Protection Agency and the Tinker Foundation, March 1997. This is one of the first
comprehensive transport cost studies in the developing world. Most cost categories apply equally,
although some costs (such as travel time) must be adjusted to reflect local wages. Although
automobile ownership is relatively low compared with developed countries, rapid (10% annual)
growth in vehicle ownership imposes considerable medium-term costs in terms of increased
congestion, facility needs, pollution, etc. Because Chile imports most vehicles and fuel, increased
automobility also imposes macroeconomic costs by capturing a major portion of foreign
exchange and potential investment funds.

17. Mark Delucchi, Annualized Social Cost of Motor Vehicle Use in the United States, Based on
1990-1991 Data, Institute of Transportation Studies, University of California at Davis
(www.ota.fhwa.dot.gov/scalds/DELUCCHI.pdf and www.engr.ucdavis.edu/~its), 1996-97;
summarized in “Total Cost of Motor-Vehicle Use,” Access (http://violet.berkeley.edu/~uctc), No.
8, Spring 1996, pp. 7-13. This series of 20+ detailed reports attempts to identify, categorize and
estimate total U.S. motor vehicle costs. Table A-6 summarizes ranges of major cost categories. It
is the most comprehensive transportation cost study.

Table A-6 Delucchi’s Estimates of Motor Vehicle Costs
Cost Item Examples Per Veh. Year Per Veh. Mile

Personal nonmonetary costs
of using motor vehicles

Motorist personal travel time and
accident pain and suffering. $2,180-3,189 17.4-25.5¢

Private-sector motor-vehicle
goods and services

Vehicle ownership and operating
expenses, paid travel time. $5,020-5,659 40.2-45.3¢

Bundled Private Sector Costs Parking subsidized by businesses. $337-1,181 2.7-9.4¢
Public infrastructure and
services

Public roads, parking subsidized by
local governments. $662-1,099 5.3-8.8¢

Monetary externalities
External accident damages,
congestion. $423-780 3.4-6.2¢

Nonmonetary externalities
Environmental damages, accident
pain and suffering. $1,305-3,145 10.4-25.2¢

Totals $9,927-15,053 $0.79-1.20
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18. Todd Litman, Transportation Cost Analysis; Techniques, Estimates and Implications,
Victoria Transport Policy Institute (Victoria; www.vtpi.org), 1999. This report develops a
framework for estimating and comparing total roadway transportation costs, including internal
and external, market and nonmarket costs. It is the only cost study that is designed as a guide and
reference manual for applying comprehensive costing to transport planning, and the only study
that is regularly updated.

Previous cost studies are reviewed. Twenty costs are defined and discussed, and existing
estimates summarized. Cost estimates are provided for 11 travel modes under urban peak, urban
off-peak, and rural travel conditions. This framework is used to compare costs per passenger mile
for different modes. Implications of current cost distribution on economic efficiency, economic
development, equity, and land use are explored. Case studies demonstrate how cost estimates can
be applied to specific planning and policy decisions. Recommendations are provided for
reforming current transport decision making. This 240-page document is fully referenced. It is
intended for transportation professionals, planners, economists, policy analysts and
environmentalists.

Cost Estimates Summarized
The table below identifies which costs are described or estimated in each report. This
shows the range of perspectives and efforts applied to transport costs.

Table A-7 Transport Costs in Current Literature (C = Costed; D = Described)
           Study No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Cost
Categories

Keeler
Cam-
eron,
EDF

Han-
son

Mac
Kenzie

Kå g-
eson KPMG

Works
N.Z.

Miller
&
Moffet

Apo-
gee,
CLF

Doug
Lee,

EPA,
Aust. OTA CDTC IBI

Mad-
dison IIEC

De-
lucchi Litman

Vehicle Costs C D C C C C C C C C C
Travel Time C D C C C C C C C
Accidents C D C C C C C C C C C C C C C C
Parking C C D C C C C C C C C C C C
Congestion C C D C D C C C C C C C C C C C
Facilities C D C C C C C C C C C C C C C
Roadway Land C D D C D C C C C C C C
Mun. Services C D C D C C C C C C C C C C
Local Air Pol. C C D C C C D C C C C C C C C C C C
Global Air Pol. D C C D C C C C C C C C C
Noise&Vibration C D C C C D C C C C C C C C C C
Resources/Energy D C C D C C C C C D C C
Barrier Effect D D D C D
Land Use/Sprawl D C D D D C D D C
Inequity D D C D D C
Water D D C D C C C C C D C C
Waste Disposal D C C C D C C
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Freight Cost Studies
The studies below focus on freight transport costs.

Transport Concepts, External Costs of Truck and Train, Brotherhood of Maintenance of Way
Employees (Ottawa), October 1994. Compares external costs of train and truck freight transport
to justify increased truck taxes or increased subsidies for rail. Table A-8 summarizes their results.

Table A-8 External Costs of Train Vs. Bus (1994 Canadian Cents per Tonne Kilometer)

Cost

Intercity
Truck
Average

Truck
Semi
Trailer

Truck
B-Train

Rail
System
Average

Rail
Piggy
Back

Rail
Con-
tainer

Rail
Box
Car

Rail
Hopper
Car

Accidents 0.40 0.40 0.40 0.06 0.06 0.06 0.06 0.06
Pollution 0.71 0.72 0.58 0.23 0.36 0.29 0.25 0.15
Congestion 0.64 0.65 0.52 - - - - -
Infrastructure 0.67 0.69 0.52 - - - - -
Cash Subsidy 0.09 - - 0.28 0 0 0 0
Cost Subtotal 2.51 2.46 2.02 0.57 0.42 0.35 0.31 0.21
Fuel Taxes -0.29 -0.29 -0.22 -0.06 -0.09 -0.07 -0.04 -0.04
License Fees -0.07 -0.07 -0.07 - - - - -
Revenue Subtotal -0.36 -0.36 -0.29 -0.06 -0.09 -0.07 -0.04 -0.04
Net External Costs 2.15 2.10 1.73 0.51 0.33 0.28 0.27 0.17

Transmode Consultants Inc., Ontario Freight Movement Study, National Round Table on the
Environment and the Economy (Toronto), November 1995. This study focuses primarily on air
pollution, particularly greenhouse gas emissions. Component 2 uses case studies to evaluate the
feasibility of more efficient practices.

Committee for Study of Public Policy for Surface Freight Transport, Paying Our Way; Estimating
Marginal Social Costs of Freight Transport, TRB (Washington DC; www.nas.edu/trb), 1996.
This study uses previous analysis of marginal costs and case studies to estimate and compare
marginal costs of freight transport, including internal costs to carriers, congestion, accidents, air
pollution, energy consumption externalities, noise, and public facility costs. The study concludes
that external costs represent an additional 7-20% cost over existing internal costs, and tend to be
higher for truck and barge than for rail. The greatest external costs are associated with urban
freight distribution where congestion and high population densities increase these costs. Policy
applications and further research needs are discussed.

Thomas Bue Bjørner, “Environmental Benefits from Better Freight Transport Management:
Freight Traffic in a VAR Model,” Transportation Research D, Vol. 4, No. 1, January 1999, pp.
45-64. Summarizes various estimates of the external costs of freight. Concludes that these costs
(air pollution, noise, accidents and congestion) are about four times higher for one truck-
kilometer than for a private car. Indicates that freight transport is price sensitive.

David Forkenbrock, “External Costs of Intercity Truck Freight Transportation,”
Transportation Research A, Vol. 33, No. 7/8, Sept./Nov. 1999, pp. 505-526. Internal
costs are estimated at $1.25 per vehicle-mile, or 8.42¢ per ton-mile in 1994. External
costs are estimated to include accidents (0.59¢), air pollution (0.08¢), greenhouse gases
(0.15¢), noise (0.04¢) and roadway costs (0.25¢). Concludes that road user charges would
need to approximately triple to internalize these costs.
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Here are related reports available from VTPI:

Reinventing Transportation; Exploring the Paradigm Shift Needed to Reconcile
Transportation and Sustainability Objectives

The Costs of Automobile Dependency

Comparing Emission Reduction Strategies

Evaluating Transportation Equity

Generated Traffic; Implications for Transport Planning

Guide to Calculating TDM Benefits

Land Use Impact Costs of Transportation

Pavement Buster’s Guide

Potential TDM Strategies

Socially Optimal Transport Prices and Markets

Transportation Cost Analysis; Techniques, Estimates and Implications

Transportation Market Distortions - A Survey

Whose Roads? Defining Bicyclist’s and Pedestrian’s Right to Use Public Roads

Win-Win Transportation Solutions

Feedback
The Victoria Transport Policy Institute appreciates feedback, particularly
suggestions for improving our products. After you have finished reading this
report please let us know of any:

• Typographical errors or confusing wording.

• Concepts that were not well explained.

• Analysis that is inappropriate or incorrect.

• Additional information, ideas or references that could be added to improve the
report.

Thank you very much for your help.

Victoria Transport Policy Institute
Website: www.vtpi.org       Email: litman@vtpi.org

1250 Rudlin Street, Victoria, BC,  V8V 3R7,  CANADA
Phone & Fax 250-360-1560

“Efficiency - Equity - Clarity”


