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Executive Summary

S

urface transportation, the movement of people or goods in cars, trucks, trains, buses, and subways, in the United
States is in need of reform. The corresponding greenhouse gas (GHG) emissions, local air pollution, traffic
congestion, and traffic collisions from cars and trucks generate billions of dollars in economic harm every year.

Each on these harms is caused by a market failure, where market forces alone lead to a sub-optimal outcome.1 Policymakers
have an important role to play in such a setting, as well-designed policies can align incentives so as to mitigate the harms
of market failures and increase the quality of life for constituents – all at a lower cost to society than the existing paradigm.
This report serves as a reference for policymakers and stakeholders interested in reforming the transportation sector with
a particular focus on road-way travel – the venue for nearly 99 percent of all miles traveled in 2018.2 This report begins by
describing the major transportation market failures, including their determinates, magnitude, and incidence.3
Guided by economic principles, this report summarizes the well-established economically efficient policy solutions and
outlines several options for reforming surface transportation that account for technological, institutional, and political
realities. Finally, this report highlights the unequal burden of market failures in the transportation sector and policy
solutions that can help lead to a more just outcome.

Externalities in the Surface Transportation Sector
Greenhouse-gas emissions – If left unabated, GHG emissions will contribute to a warming climate and more frequent
catastrophic weather events.4 Most of these emissions come from passenger vehicles, of which the most frequent use is
driving to and from work.5

Local Air Pollution – Particulate matter, sulfur dioxide, carbon monoxide, and nitrogen oxides contribute to infant
and respiratory health problems. Over the past forty years, federal and state standards have reduced some of the pollution
generated from passenger vehicles, but only from newer vehicles.6 Older vehicles still on the road generate substantial
local air pollution with real health consequences – especially in densely populated urban areas.

Traffic congestion – Each year traffic congestion has become worse in nearly every city in United States.7 As population
and incomes continue to grow, so too does the demand for travel. The typical policy response to congestion – highway
expansion – is unlikely to mitigate traffic congestion because it, instead, simply increases the demand for travel.8

Traffic Collisions – Federal safety regulations have greatly reduced the risk of harm in any single crash, however
total vehicular related-deaths remain largely unchanged since the 1980s9 as households drive more often and oversized
vehicles increase the risk of harm to others.
Figure 1 illustrates the relative magnitude of major transportation market failures in terms of the marginal damages per
gallon of gasoline consumed. A comprehensive policy – simultaneously addressing these market failures – is likely to be
the best way to provide benefits to society that outweigh the harms.
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Figure 1 – Estimated Damages of Major Transportation Market Failures per Gallon Gasoline
Monetized Damages of Transportation Market Failures
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The damages of GHG pollution is based on the central estimate of the Social Cost of Carbon, well-understood as a lower bound. The remaining values are
the median from Table 1, infra.

Economically Efficient Policies
Economically efficient policies balance the costs and benefits of mitigating the harms of each market failure. Incorporating
the economic damages of every transportation activity into its price, either per-mile or per-gallon, would force individual
travelers and businesses to internalize the external costs into their decisionmaking. Doing so helps better align incentives
so that people move away from the costliest transportation activities without sacrificing activities that provide overall
positive economic benefits to society, and therefore mitigates the harm of the market failure at the lowest possible cost.
At all times, however, policymakers should bear in mind the need to avoid disproportionately burdening low-income
households and should consider making simple adjustments, such as targeted exemptions or other programs, to make
the policies less regressive.
Based on the latest economics literature and analysis of the damages caused by surface transportation, several principles
emerge, which will be addressed more fully in this report: A per-gallon fee on gasoline of at least 50 cents is required to
internalize the harm of GHG emission from gasoline combustion. Because the other externalities are more proportional
to the number of miles traveled than volume of fuel used, a per-mile fee can better internalize their associated damages.
A 10 cent per-mile mileage fee would internalize the average damages of the non-GHG externalities. Differentiating the
mileage fee by location and time of day is also essential to mitigate the harm of congestion and air pollution. Likewise,
larger mileage fees for older and heavier vehicles better address air pollution and risk of harm from traffic collisions with
those vehicles.
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Policies Within Reach
Accelerating the Transition to Fuel-Efficient Vehicles – Innovations in electric battery technologies provide an
attractive opportunity to increase the efficiency of surface transportation. Stringent federal fuel-economy standards are
another way to encourage fuel savings and decrease GHG emissions. In addition, electric vehicle subsidies can be used to
increase adoption of this new technology among more price-responsive, low-income, households. Finally, a well-designed
program to retire the oldest, heaviest, and pollution intensive cars and trucks can accelerate the transition towards a
cleaner and safer fleet of vehicles on the road.

Reining in Fuel Consumption and Miles Traveled – Directly pricing the societal damages of each mile traveled and
gallon of gasoline consumed can effectively address all of the major transportation market failures. Largely overlooked
by policymakers, these policies will become more critical to mitigate traffic congestion as demand for travel grows. What
is more, fuel- and mileage-based policies provide immediate benefits because they directly alter the cost to travel and
consume fuel that emits harmful pollution. Increasing the federal fuel tax, limiting fuel consumption, reforming state
registrations, and congestion tolls are all effective solutions to address these issues.

Direct Transportation Infrastructure Spending Towards Net-Beneficial Investments – In recent years, the
federal government has spent over $70 billion on public infrastructure. These expenditures were authorized by Congress
and financed by the Highway Trust Fund.10 Ensuring that these resources go toward net-beneficial projects and take
into account the external harms of transportation is essential to mitigating the future harms of transportation-related
market failures. Other than explicitly supporting public transportation, policymakers should encourage the design of
complete streets (which equally benefit all transit passengers regardless of whether the drive, walk, or bike) and transitoriented development (which co-locates transit with occupations, housing, and commercial services), as well as increase
the provision of electric vehicle charging infrastructure.

The Time Is Now
The ongoing coronavirus pandemic has shaken the transportation sector over the past several months. The rapid reduction
in business and leisure travel, and the corresponding (though short-term) reduction in air pollution, has helped bring to
light the burden of everyday transportation on human health and the environment as well as the disproportionate impact
of historical transportation policies on communities of color.
Now is the time to focus on turning toward long-term policies that facilitate the reductions that are needed to avert
climate change damages as well as other significant harms caused by the automobile sector. For example, now is the
time for automakers to retool their factories so that they have the equipment needed to manufacture high-performance
electric vehicles; policymakers designing economic stimulus programs should focus on establishing a dense national
network of public electric vehicle charging stations; and companies should encourage the continuation of working-fromhome, where feasible, to effectively mitigate much of the harm of surface transportation. Finally, the current low price of
gasoline presents a perfect opportunity to establish policies that will rein in consumption of fossil fuels and the associated
air pollutants.
This time of immense transformation is an opportunity to take actions to ensure that recovery from the COVID-19
crisis can bring the United States closer to addressing some of the market failures bedeviling the transportation sector,
not away from them. If not, the country is likely to end up in an even worse situation as commuters shy away from public
transportation and towards more personal vehicle travel.
3

I. Introduction

I

n 2017, the transportation sector became the largest source of greenhouse gas (GHG) emissions in the United
States.11 The damages that those emissions cause by exacerbating climate change are immense,12 yet, climate damages
represent only a fraction of all the harms caused by surface transportation – which are predominately caused by cars
and trucks. Local air pollution from automobiles, time wasted in traffic, and physical harm from motor vehicle crashes all
impose real costs on society that are comparable, sometimes even larger, then the costs of transportation-related GHG
emissions.13 When considering these market failures together, it is clear that the transportation sector is badly in need of
reform.
Addressing any one of these market failures is an immense challenge; surface transportation creates great value, is
necessary for daily life in much of the United States, is based on long-lived assets like highways, and is determined by the
choices of many disparate people and entities. At the same time, policymakers are increasingly aware that mitigating the
harms of these market failures is net-beneficial to society.14
Addressing these market failures using smart policy design can ensure
that consumers and businesses continue to use transportation services
that provide the most benefits while also reducing harms to society at
the least-possible cost. In general, when considering alternative options,
a policy designed to strategically address multiple market failures is
much more likely to provide benefits that will outweigh the costs.

A policy designed to
strategically address
multiple market failures
is much more likely to
provide benefits that will
outweigh the costs.

This report comprehensively examines four major transportationrelated market failures: greenhouse-gas emissions, local air pollutants,
traffic congestion, and traffic collisions. It identifies the major
determinants of each market failure, highlighting their similarities and
differences. It also discusses how damages from these market failures can be quantified and indicates relevant literature
with estimates. Understanding what contributes to these market failures, and how they are related, is paramount for
efficient and effective policy design.
Motivated by economic theory, the report outlines the economically optimal policies to address these market failures:
the combination of a gasoline tax starting at approximately 50 cents per gallon to address GHG emissions and a mileage
tax in the form of vehicle registration or a toll of roughly 10 cents per mile to address the remaining major market failures.
Differentiating the mileage tax by vehicle size, vehicle vintage, location, and time-of-day would improve social welfare.
Of course, this report recognizes that the economically optimal policy is not always feasible because of political or legal
constraints. In addition, it may not be immediately possible to implement the economically optimal policy because
of potentially competing priorities such as equity or even more rapid decarbonization. Focusing on practical policy
recommendations based on economic and policy research, the report outlines three mutually reinforcing and necessary
avenues through which government intervention can nonetheless address these major market failures. These avenues
can be generalized as “vehicle-based policies,” “fuel & mileage policies,” and “infrastructure policies.”
4

Finally, this report highlights the socio-economic dimension of transportation’s burden. Deliberately discriminatory
land-use and transportation policies have led to a deeply inequitable society, where people of color are more likely to
live in neighborhoods that are closer to highways or have less access to reliable public transportation, among many
other problems.15 As a result, transportation’s market failures disproportionately harm low-income and historically
disadvantaged groups, and ultimately contribute to unequal outcomes. To help policymakers mitigate the harm done to
already disadvantaged groups, this report identifies both procedural and substantive policy recommendations.

What Are “Market Failures”?
In a perfectly competitive market, individual self-interest will direct society’s resources towards the pursuits
that create the most value.16 In practice however, a perfectly competitive market is hard to come by. Many
markets, including the market for transportation, are marred by what economists call “market failures.”17
When there are market failures, prices no longer reflect the social marginal cost, and the resulting allocation of
resources in the economy is no longer the one that makes everyone best off. Examples include the existence of
market power, trade frictions, incomplete information, or economic costs or benefits that are not transacted
in a market (“unpriced externalities”). In those circumstances, regulatory intervention to address the market
failure can increase society’s welfare.18
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II. Major Market Failures in Surface Transportation

T

his report first documents four externalities that affect the market for transportation: GHG emissions, local
air pollutants, traffic congestion, and traffic collisions. For each, the major sources, determinants, and methods
of quantification are detailed. After summarizing academic and regulatory analysis that has quantified the
magnitude each externality on a “per-mile” or “per-gallon” basis, this report briefly discusses other related transportation
market failures that policymakers should also consider when designing transportation policy.

Externalities in Surface Transportation
Greenhouse-Gas Emissions
Combustion of transportation fuels like gasoline and diesel generates GHG emissions that contribute to global climate
change.19 The potential damages from anthropogenic climate change – increased temperature, property damage, reduced
productivity, and induced mortality – are immense.20 However, individual consumers and businesses have limited, to
no, economic incentive to consider the magnitude of these damages when deciding when and how much to travel.21
Travelers consider other costs, like the monetary cost of fuel or the time cost of travel, but do not pay for the associated
damages of more GHG emissions. As a result, a traveler’s preferred quantity of fossil-fuel consumption imposes a cost
on society – of increased fuel use and GHG pollution – which can exceed the benefit the traveler derives from the use of
that fuel.
Because the climate change related damages of GHG emissions are external to the traveler’s consideration and impose
a real cost on third parties, economists call these emissions a “negative externality.”22 An externality is one of the most
basic market failures. Correcting for the externality, by forcing consumers to consider the harms of GHG emissions, will
reduce the combustion of transportation fuels and increase social welfare.
Figure 2 – Sources of GHG Emissions in the United States, 2017
Industry
Sector
22%

Light-Duty Vehicles 17%

Medium- and
Heavy-Duty Trucks 7%
Aircraft 3%
Other Transportation 3%
Agriculture
Sector
9%

Electricity
Sector
28%
Buildings
Sector
11%

A pie chart characterizing the source of GHG emissions in the United States. Other Transportation includes rail (0.6%), ships and boats (0.9%), and
buses, motorcycles, pipelines, and other chemicals (collectively 1.2%). See US EPA, Fast Facts U.S. Transportation Sector GHG Emissions 1990-2017,
EPA-420-F-19-047, June 2019.
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Overall, the transportation sector is responsible for 30% of all domestic GHG in the United States, of which carbon
dioxide (CO2) emissions are the main source.23 Light-duty vehicles, including passenger vehicles and light-duty trucks,
are the primary source – accounting for nearly 60% of all transportation GHG.24 Medium- and heavy-duty trucks,
including freight, account for the majority of the remaining emissions. Together, surface transportation in the form of
on-the-road vehicles account for over four-fifths of all GHG emissions from transportation.
The difference between these light-duty vehicles and medium- or heavy-duty trucks highlights one important determinant
of transportation GHG emission and nearly every other transportation market failure: total vehicle-miles traveled
(VMT). This value measures the total number of miles traveled by a vehicle in a certain time period. For example, in
2017, the entire fleet of light-duty passenger vehicles was responsible for nearly 3 trillion VMT; more than nine-times
the total VMT of all medium- and heavy-duty trucks.25 With such a difference in total VMT, it should be of little surprise
that passenger vehicles are the number one source of all transportation GHG emissions.
Although VMT is important, it is only one feature of transportation use that contributes to GHG emissions. There are
three factors that can increase, or decrease, total surface transportation GHG emissions. Understanding each one is
important when choosing amongst policy alternatives, as it may be easier or more cost-effective to adjust along some of
these fronts than others. Specifically, the three factors are:26
A.

The demand for travel, measured in VMT. As travelers choose to take more trips, or travel further distances, more
transportation fuel is needed. For transportation fuels that generate GHG emissions, the amount of emissions
will increase with VMT. The demand for travel is mainly determined by the price of fuels, household income and
preferences, as well as expected travel time and the quality of public infrastructure.27

B.

The efficiency of travel, measured in the amount of energy
required to move a person one mile. The efficiency of travel is
determined by the fuel economy and the passenger capacity of
the associated transit mode. As fuel economy increases, less fuel
is required per mile traveled, and so GHG emissions decrease.
Electric vehicles (EVs) are a promising way to increase vehicle
efficiency, as they can travel three or four times as far as gasoline
vehicles with the same amount of energy.28 Otherwise, increasing
the number of people traveling in a vehicle through public transit
or carpooling can also increase the efficiency of travel.29

C.

The carbon intensity of the fuel, measured in tons of CO2 equivalents per unit of energy. Some fuels are more
carbon intensive than others. The primary transportation fuel, accounting for 66% of GHG emissions, is motor
gasoline, which releases 19.6 pounds of CO2 per gallon of fuel combusted regardless of how it is combusted.30
Distillate fuel, including diesel, generates a majority of the residual share. Other fuels, such as biofuels, natural
gas, hydrogen, and electricity are generally less carbon intensive then conventional gasoline and diesel. Biofuels
and electricity are easier substitutes for motor gasoline; however, they are not always guaranteed to be less carbon
intensive, especially once the GHG emissions associated with their production are accounted for.31 As the electricity
grid becomes powered by more renewable energy, and less coal, the carbon emissions associated with EVs decline.32
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Electric vehicles (EVs)
are a promising way to
increase vehicle efficiency,
as they can travel three
or four times as far as
gasoline vehicles with the
same amount of energy.

The first factor (A) represents quantity of GHG emissions determined by total demand for travel. Reducing GHG
emissions this way is difficult because it requires people to drive less often, which means elimination of trips (e.g.,
working from home) or finding creative ways to make trips shorter. The second and third factors (B and C) contribute
to the carbon intensity per mile traveled. GHG reductions through this dimension allow consumers to enjoy the
same level of travel, but with less GHG emission overall. This can be accomplished by improving the fuel-efficiency of
passenger vehicles, carpooling or reallocating trips to more environmentally friendly modes like public transportation.
Unfortunately, under-provision of reliable public transportation or similar infrastructure can limit a traveler’s ability to
pursue passenger-vehicle alternatives as a means to reduce GHG emissions.
Figure 3 – Carbon-Efficiency
of EVs Based on State Electricity Production
Carbon−Efficiency of EVs Based on State Electricity Production

MPG Equivalent
40

60

80

100

A map showing the carbon-efficiency of EVs – the miles that can be traveled by EVs while generating the same carbon dioxide emissions as a gallon of
gasoline – based on state electricity production. Calculations are based on public data from the Energy Information Agency on the carbon intensity of statelevel electricity production (in tons of carbon dioxide per kilowatt-hour of electricity in 2018), and a constant average electric vehicle energy efficiency of
0.32 kilowatt-hour per mile.

Looking towards the future, technology improvements such an increased fuel economy and wider adoption of electric
vehicles have immense potential to decrease transportation GHG, especially if supported by policymakers and regulators.
These reductions are made possible by reducing the carbon intensity of each mile traveled. Figure 3 highlights this
fact, showing the miles that can be traveled by an electric vehicle while generating the same amount of carbon dioxide
pollution as in a gallon of gasoline – as determined by mix of fuels used to produce electricity in each state. However, as
the economy grows, it is possible the ever-growing demand for miles traveled will undo the reduction in GHG emission
per mile traveled.33 For this reason, reducing GHG emissions through demand reduction should not be ignored.
Quantifying the harm to society of transportation GHG emissions is relatively straightforward. All that is required is
a monetized value of the harm to society for each additional ton of GHG emissions. At this moment the Social Cost
of Carbon is the best available tool to accomplish this exactly. The federal Interagency Working Group’s (IWG) 2016
estimates of the Social Cost of Carbon included a central value of $52.34 Although there is a broad consensus that the
IWG’s Social Cost of Carbon central estimate is a valid and useful metric, it currently omits many important costs
8

traceable to GHG emissions such as extreme temperatures and changes in precipitation patterns.35 For this reason, the
IWG’s range of estimates are rightly understood as a lower bound and the true costs of GHG emissions are likely to
exceed $52 per metric ton.
Because the carbon content of fuels is relatively constant, it is possible to tie each unit of fuel to its associated economic
damages.36 For example, each gallon of motor gasoline emits 19.6 pounds of carbon dioxide regardless of how it is
combusted (aside from the additional GHG emissions upstream, which can vary).37 With 2200 pounds per metric ton,
and 100 cents per dollar, the economic damages of a gallon of gasoline in cents is roughly equivalent to the social cost of
a ton of carbon dioxide in dollars. Thus, the cost to society of each additional gallon of gasoline is roughly 50 cents per
gallon using the central estimate for the Social Cost of Carbon.

Key Term: The Social Cost of Carbon
The Social Cost of Carbon measures and monetizes the external damage that results from emission of a ton
of CO2 into the atmosphere. Because CO2 is a global pollutant, a ton emitted causes the same amount of
damage regardless of where the emission occurs. As a result, a single price, applicable regardless of location,
is appropriate for monetizing damages. The Interagency Working Group’s (IWG) 2016 Social Cost of
Carbon estimate is the best currently available estimate for the external cost of CO2 emissions.38 The
IWG’s methodology has been repeatedly endorsed by reviewers. For example, in 2014, the U.S. Government
Accountability Office concluded that IWG had followed a “consensus-based” approach, relied on peer-reviewed
academic literature, disclosed relevant limitations, and adequately planned to incorporate new information
through public comments and updated research.39 But it is a lower bound estimate of the damages from these
emissions.40

Local Air Pollution
The combustion of transportation fuels creates other pollutants that contribute to poor local air quality including
nitrogen oxides (NOx), particulate matter (PM), volatile organic compounds (VOCs), sulfur dioxide (SO2), and
carbon monoxide (CO).41 Collectively, these Transportation Related Air Pollutants are responsible for, among other
things, increased infant mortality, adolescent asthma, low birthweights, lower economic productivity, and poor student
achievement.42
These pollutants are paradigmatic negative externalities. When travelers decide which car to buy, or how much they
drive, they do not fully consider how associated Transportation Related Air Pollutants will harm others by decreasing
their quality of life and damaging their health.
Like GHG emissions, local air pollution is determined by the demand for travel and the emissions per mile traveled.
The first determinant is simple, more miles traveled means more local air pollutants so long as the vehicle emits some
pollutants. Unlike GHG emissions, Transportation Related Air Pollutants are not constant per unit of fuel. Instead, the
quantity of Transportation Related Air Pollutants generated from surface transportation is best characterized per mile in
part because Federal standards for the emission of these pollutants from new vehicles are set per-mile.43
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Some fuel types emit more Transportation Related Air Pollutants than others. For example, motor gasoline generates
less SO2 and PM than diesel,44 and EVs only generate air pollutants in-so-far as their use of electricity is from pollution
intensive electricity generators like coal power plants. Even within the same general fuel type, the Transportation Related
Air Pollutants emitted per unit of fuel can vary. For example, motor gasoline consists of a few different “blends,” some of
which emit less local air pollutants than others.45
Just as important as the fuel used are factors such as vehicle technology
and age. Certain technologies, like catalytic converters, play an
important role in decreasing emissions per unit of fuel. Over time,
these types of technologies have improved significantly thanks to
federal standards.46 As an implication of this, older vehicles generate a
lot more Transportation Related Air Pollutants than newer ones using
the same amount of fuel. Heavy-duty trucks, the largest source of PM
among transportation sources,47 illustrate this fact well: replacing trucks
manufactured prior to 2000 with newer models can reduce 92% of
truck-related PM pollution.48

Replacing trucks
manufactured prior to
2000 with newer models
can reduce 92% of
truck-related PM pollution.

As the name suggests, the damages caused by local air pollutants depend on the location (and time) that the pollution
settles near people and industry.49 Damages per unit of pollution increase in proportion to the number of people exposed
and their underlying health status. For this reason, local air pollutants can be a serious problem in the urban areas with
high population density, where more than 80% of people live in the United States.50
Unlike with GHGs, there is no single value that can be used to calculate the economic and public health damages that are
caused by vehicle emissions, regardless of where they are generated. However, several tools exist to model and estimate
damages in particular geographic areas.51 For example, the AP2 model provides county-specific monetized damages for
VOCs, NOx, and PM.52 Comparing the geographic distributions of local air pollution and the monetized harms per unit
of pollution, as done in Figure 4, shows most pollution is happening in urban areas, where it creates the most damage.
This suggests localized policies might be best to mitigate the associated harm.

10

Figure 4 – County-Level Air Pollution and Economic Damages

11

Maps showing local air pollution (tons of particulate matter and nitrogen oxides) from mobile sources according to the 2014 EPA National Emissions
Inventory, and the corresponding economic damages per ton of pollution by county according to the AP2 model detailed at https://public.tepper.cmu.edu/
nmuller/APModel.aspx.

Traffic Congestion
When the number of cars on the road exceeds a proportion of the road’s capacity, each additional car makes all other
travelers slow down and spend more time getting to their destination (while also using more fuel and generating more air
pollution). The primary cost of traffic congestion is the increased travel time of others, and is another form of a negative
12

externality.53 Even if decisionmakers consider their own time spent traveling, they likely have little-to-no incentive to
consider if, and how much, they will increase the travel time of others. As a result, total vehicles on the road are higher
than what is optimal from society’s perspective.
Like all market failures discussed so far, the harm of congestion increases with total VMT. As the demand for travel
increases, more people and businesses are simultaneously contributing to and the subject of more congestion. To illustrate
this, Figure 5 shows the average delay of commuters, in hours-per-year, for over 100 medium, large, and very large
metropolitan areas in the United States since 1982. During the same time period, national VMT more than doubled.54
Figure 5 – Growing Traffic Delay in Metropolitan Areas Since 1982
Hours Delayed by Traffic for the Average Driver in U.S. Urban Areas
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Average hours stuck in traffic per year for medium and large metropolitan areas since 1982. The national average is in green. Data are from Texas A&M
University transportation center.

The harm of traffic congestion for each additional vehicle miles travelled depends on two values. The first, referred to the
“marginal external cost of traffic congestion,” measures how one more car or truck on the road reduces everyone else’s
travel time.55 This value varies by time of day and place; it is much higher during periods of rush-hour traffic in downtown
areas.
The second determinant of traffic congestion harm is the economic value of the time wasted in traffic, aptly called the
value of time. An analysis of 56 studies in 14 nations led to a general rule commonly used today: the value of time is
13

roughly half the median wage.56 Because of the additional mental unease of waiting around in traffic, it is common to
use a multiplier for time spent delayed.57 Recent guidance by the Department of Transportation is consistent with this
general rule, suggesting 50% of the median wage for leisure travel and 100% of the wage for business travel, although it
stops short of using a multiplier for traffic delay.58
Because incomes are typically higher in urban areas, where there is more congestion, the value of the harm to society
of traffic is higher there. For example, in New York, Los Angeles, and Chicago, people spend over 100 hours per year in
traffic. Even a modest value of time ($15/hour) implies a huge cost of traffic congestion per person on average (>$1,500).
With millions of commuters each day, the cost of traffic congestion to each one of these cities is in the billions of dollars
annually.

Traffic Collisions
Motor vehicle crashes have been responsible for 30 to 50 thousand fatalities per year since 1980.59 Even though the total
number of annual fatalities has declined slightly over that period, primarily thanks to regulatory requirements to improve
vehicle safety, traffic collisions continue to impose substantial societal costs.
Motor vehicle crashes are an externality because a person may not fully consider how their actions can affect the risk-ofharm to others, even if they consider the risk-of-harm to themselves.60 As all the other market failures discussed so far,
this is an externality and government action can produce substantial societal net benefits by reducing the risk of vehicle
collisions. Liability laws, which require drivers to insure against some of the harm of such crashes, force consumers
to consider these risks to some extent when making decisions.61 The degree to which these laws force consumers to
perfectly internalize risk of harm to others depends in part on state law and how the insurance policies are designed.62
These crashes cause substantial harms largely in the form of loss of life and decreased quality of life through fatal and nonfatal injuries, but also from property damage, induced traffic congestion, increased travel time, and medical costs.63 One
estimate suggests, for example, that total comprehensive damages from traffic collisions in the United States exceeded
$800 billion in 2010.64
Collisions are more likely to happen when there are more cars on the road, and so, the magnitude of the market failure
increases with total VMT. Beyond that, speed, weight and other technical vehicle features (like air bags, seat belts, and
crumple space) are important determinants of the damages from a single crash. For example, one study found a 10 mph
increase in the speed limit leads to more crashes and more fatal crashes.65 And another found that being hit by a heavier
vehicle “generates a 40–50% increase in fatality risk” to the occupants in the vehicle being hit.66
Quantifying the harm of traffic collisions requires a connection between VMT, vehicle weight, and speed to mortality,
non-fatal injuries, and other economic damages. Many tools exist to place an economic value on the resulting loss of life,
non-fatal injuries, property damage and medical costs.67 A well-accepted tool for monetizing mortality is the value of a
statistical life (VSL), which measures the amount of money an individual is willing to accept for a small increase in the
probability of a fatal injury.68 The Environmental Protection Agency currently recommends using a VSL of $9.7 million
in 2020 dollars,69 while the Department of Transportation recommends a VSL of $10.4 million. These numbers suggest
that 30 thousand fatalities per year corresponds to roughly $300 billion in damages from fatalities alone.
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Table 1: Magnitude of Major Market Failures

Table 1 provides estimates for the external damages associated with the four major market failures in terms of per-gallon,
or per-mile, costs. It is important to emphasize that these estimates are averages and sometimes specific to the underlying
study. The actual damages from these market failures will vary by time-of-day, location, and vehicle features (such as age
and weight).
Market Failure

Carbon Emissions

Local Air Pollution

Traffic Congestion

Traffic Collisions

Damage Estimate
Source
2020 SCC, 2.5% discount rate
2020 SCC, 3% discount rate
2020 SCC, 5% discount rate
2020 SCC, High Impact, 2.5% discount rate
Kenneth Small and Camilla Kazimi, 1995.
US DOT, 2000.
IMF, 2015.
Chris Knittel and Ryan Sandler, 2018.
Cody Nehiba, 2020.
US DOT, 2000
IMF, 2015.
Cody Nehiba, 2020.
US DOT, 2000
Ian Parry, 2004
IMF, 2015.
Michael Anderson and Max Auffhammer, 2014.

Per Gallon
$0.15
$0.46
$0.68
$1.35
$0.66*
$0.49*
$0.11
$0.27
$0.03
$1.54*
$1.14
$0.60
$0.36*
$1.31*
$0.49
$1.10

Per Mile
$0.02*
$0.01*
$0.03*
$0.06*
$0.03
$0.02
$0.01*
$0.01*
$0.00*
$0.07
$0.05*
$0.03*
$0.02
$0.06
$0.02*
$0.05*

Notes: All estimates are inflated to 2019 dollars. These estimates are generally provided in either per-mile or per-gallon estimates. Therefore, in order to
report both estimates here, this chart provides derived estimates, converted from per-mile to a per-gallon measure (or vice versa) assuming 22 miles per
gallon fuel efficiency. The derived estimates are denoted by an *.
Sources:
SCC stands for the IWG Social Cost of Carbon. See Revesz et al., supra note 34, at 655; Kenneth A. Small & Camilla Kazimi, On the Costs of Air
Pollution From Motor Vehicles, 29 J. Transport Econ. Policy 32 (1995); U.S. Dep’t of Transp., Addendum to the 1997 Federal Highway
Cost Allocation Study Final Report U.S. Dep’t of Transp. Fed. Highway Admin. (May 2000), https://www.fhwa.dot.gov/policy/hcas/
addendum.cfm; Int’l Monetary Fund, Energy Subsidies Template (2015), www.imf.org/external/np/fad/subsidies/data/subsidiestemplate.
xlsx.; Christopher Knittel & Ryan Sandler, The Welfare Impact of Second-Best Uniform-Pigouvian Taxation: Evidence from Transportation, 10 Am.
Econ. J. Econ. Policy 211, 230 (2018); Ian W.H. Parry & Kenneth A. Small, Does Britain or the United States Have the Right Gasoline Tax?,
95 Am. Econ. Rev. 1276 (2005); Michael L. Anderson & Maximilian Auffhammer, Pounds That Kill: The External Costs of Vehicle Weight, 81
Rev. Econ. Studies 535 (2014); Ian W.H. Parry, Comparing Alternative Policies to Reduce Traffic Accidents, 56 J. Urb. Econ. 346 (2004);
Cody Nehiba, Correcting Heterogeneous Externalities: Evidence from Local Fuel Taxes (U. of Cal., Irvine, Working Paper, 2020), http://www.
usaee.org/usaee2018/submissions/Presentations/Nehiba_DC18.pdf.

Other Market Failures
Externalities do not nearly cover all of the ways in which under-regulated surface transportation can cause net societal
harm. Four other significant issues with the surface transportation sector, which are caused by either another market
failure or a mix of other market failures, could benefit from government intervention.
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Incomplete Valuation of Fuel Savings
When purchasing a new or used vehicle, there are several “market failures” that explain why consumers might not
choose a more fuel-efficient vehicle, even if that choice will save them money over the lifetime of the vehicle compared
to otherwise identical vehicles.70 Broadly, this incongruity between what is privately rational and the consumer’s actual
decision is referred to as the “energy-efficiency gap.”71 Explanations for this energy-efficiency gap include the costs of
acquiring information on fuel economy,72 consumer aversion to losses today with uncertain future benefits,73 present bias
in their internal accounting,74 among other explanations.75 When these market failures exist, an intervention directing
consumers towards more fuel efficient vehicles, through labeling or other means, can save consumers money and reduce
GHG emissions.

Under-Provision of Fuel-Efficient Vehicles
There are two reasons firms might not have the right incentive to produce fuel-efficient vehicles. First, if there is any market
power, automakers can price-discriminate and under-provide fuel economy to the consumers that might not value it fully
(for reasons outlined above).76 Faced with limited competition, auto manufacturers “put more effort into attributes that
consumers have regularly sought in the past, such as size and power, than into fuel and time savings with uncertain future
returns” and offer “a limited number of vehicle attributes among which consumers can choose.”77 Second, there is a freeriding concern regarding research and development for new fuel-efficient technologies. Because competitors can benefit
from another automakers’ innovation, each automaker will invest in less research and development than what is socially
optimal.78 As a result, requiring automakers to improve fuel economy can increase welfare.

Learning-By-Doing and Diffusion of Network Technologies
The net benefits of some technologies, like EVs, increase in proportion to the number of units produced and in active
use.79 This could be because the costs decrease as more units are produced and manufacturers learn how to reduce the
production cost, a phenomenon called “economies-of-scale” or “learning-by-doing.” Or, it could be that the benefits
increase as a network of other consumers forms. For example, as EVs become more prevalent, so too does charging
infrastructure, which will in turn increase the value of EVs.80 This is a market failure, as each individual consumer or
producer does not consider the benefit they provide to others in reducing the future cost, or increasing their future
benefit. As a result, technology-forcing regulation that spurs investment in EVs and related charging infrastructure can
make society better off.

Highway Maintenance
The provision of a public good, like safe and reliable interstate highways, suffers from a free-rider problem.81 When anyone
can access this service, there is no incentive for individuals to pay their fair share towards its maintenance. As a result,
these projects will be under-funded. This has long been recognized as a problem in transportation in the United States.
To address this issue for highways Congress has established the Highway Trust Fund financed by a federal excise tax on
gasoline and diesel, as well as excise taxes on other motor-vehicle related goods such as tires or new heavy-duty vehicles.
In recent years, however, this fund has been insufficient to support the surface transportation programs authorized by
Congress.82
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III. Economically Optimal Policies to Address the
Major Market Failures

T

he following are the economically optimal policies for addressing the market failures outlined above.83 They are
economically optimal in the sense that they match the marginal damages of each market failure with the marginal
benefits of each transportation choice. Political and legal constraints may make it difficult to implement these
policies. And other policies may better meet other non-efficiency criteria such as how easy they are to administer, how
quickly they can be implemented, how they will affect different demographics. Nonetheless, it is useful to understand the
economically optimal policies in order to evaluate other alternatives.

Equity in Optimal Policy Design
Transportation is an important component of everyday life for most households in the United States regardless
of household income. As a result, policies designed to reduce fuel consumption or miles traveled by increasing
their cost have the potential to disproportionately burden low-income households. This is especially true
in poor rural areas. Although not traditionally an explicit goal of regulatory rulemaking, it is important for
these factors to be considered.84 Simple modifications to the following policies – such as narrowly targeted
exemptions, reimbursements, or other compensating programs (like free public transit) using tax revenues –
can make the policies less regressive, possibly even progressive, while simultaneously decreasing the harms of
transportation market failures.85

Pricing Carbon Content of Fuels Can be the Economically Optimal Solution
to Surface Transportation GHG emissions
An economy-wide price on GHG emissions equal to their social costs is the first-best solution to address the damages of
GHG emissions. This policy would force everyone to consider the cost of GHG emission when making their decisions. So
long as demand responds to prices, carbon emissions will decrease. Absent an economy-wide carbon price, a fuel-specific
price equal to the social cost of transportation fuels can be an economically optimal way to deal with transportation
GHG emissions to the extent that consumers respond to fuel prices.86 This ensures transportation choices account for
the damages of GHG emissions. A specific price – per gallon – is appropriate because the carbon content of most liquid
fuels is relatively constant per volumetric unit.87
A fuel-specific carbon price in proportion to its climate damages accomplishes a few things. First, as GHG intensive fuels
become more expensive, consumers will demand less of them. In principle, the price increase will discourage activities
only if they are not worth that additional cost of using those fuels. For example, consumers will be discouraged from
idling and driving when not necessary. This mechanism targets the GHG emissions society values the least, and so, drives
down GHG emissions at the lowest possible cost. This cost-minimizing feature is one of the most attractive features of a
carbon price.
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Second, a fuel-specific carbon price makes fuel-efficient transportation choices, like public transportation and carpooling,
more attractive as they become less costly compared to GHG-intensive alternatives. This way, when consumers and
businesses are making decisions, they place value on each alternative according to the true cost to society. In the longerterm, this would induce a shift towards more fuel-efficient vehicle purchases and an expedited scrappage of fuel-inefficient
vehicles.88
For gasoline, as an illustration using the IWG’s current central estimate of the Social Cost of Carbon, a fee of at least 50
cents per could be used to help internalize gasoline’s climate damages.89
The resulting change in fuel consumption depends on how consumers respond to the fuel price – what economists call
the price elasticity of demand for fuel. As an example, using that SCC-based number, a price elasticity of -0.1 suggests a
50-cent increase in the price of each gallon of gasoline (in the form of a 50-cent fee per gallon) would decrease gasoline
consumption by 2 to 2.5%.90 Estimates for the price elasticity of demand, using transitory changes in price, are around this
value.91 Recent research suggests that consumers reduce their fuel consumption much more in response to a permanent
price change, like a tax increase, than transitory ones – perhaps three to four times as much per unit of price change.92 This
suggests the same 50-cent increase in the price of fuels could decrease fuel consumption by 6 to 10%.93 A 50-cent increase
in the price of gasoline is small relative to the historical volatility of gasoline prices over the past thirty years, shown in
Figure 6, even though it has the potential to reduce GHG emissions by 6 to 10%.
Figure 6 – Historical Volatility of Gasoline Prices in the United States
Real Price of Gasoline in the United States
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The external damages of GHG emissions from the combustion of gasoline, 50 cents per gallon, is 10% to 25% of the price cost of gasoline over the past
three decades.
18

One distinct advantage of a carbon price over alternative policies is the sizeable co-benefits in the form of reduced traffic
collisions, local air pollution, and traffic congestion. This is because a carbon price will reduce total VMT, which is
proportional to the damages of these market failures. This is especially true for older and heavier fuel-inefficient vehicles
that disproportionately emit more local air pollutants and contribute to traffic fatalities.

Pricing Mileage Can Be the Economically Optimal Solution to Other
Externalities
Traffic congestion, crashes, and local air pollution are almost directly proportional to VMT. So, a fee on VMT that equals
the sum of the damage from each uninternalized externality caused by an additional mile traveled would internalize those
damages and could lead travelers to make driving decisions that improve social welfare. This would be economically
efficient, to the extent that it forces individual decisionmakers to account for the social cost of every mile traveled.94
Pricing mileage can happen through a road-usage fee (like a congestion toll) or through an annual fee (such as a mileagespecific vehicle registration fee). A road-usage fee is the best way to target traffic congestion, as the economic damages
of delayed travel time are very specific to the location and time of day. For example, a dynamic congestion toll that
changes hour-to-hour could price road usage only when an additional car would lead to much more traffic congestion.
This incentivizes drivers to travel at times when the roads are likely to be least crowded, to use alternative routes, or to
take fewer trips that are not essential. Alternatively, central business districts in large metropolitan areas, like New York
City, can implement a congestion toll to target the places where traffic congestion is costliest. In its most extreme form,
a congestion toll functions like a ban of cars. A number of cities are considering limited forms of this option in order to
create pedestrian malls in urban areas.
Annual VMT pricing, however, can target traffic collisions and local air pollution well, as the damages are most directly
proportional to annual VMT. The damages from these externalities increase with vehicle weight (increased risk-of-harm
to others and damage to highway infrastructure) and vehicle age (increased local air pollutants and risk-of-harm to
occupants). And so, a mileage fee that varies by these factors can further improve social welfare by providing incentives
to travelers to use lighter, newer, and safer vehicles. This system could easily be adopted by state and local governments
through the annual, or semi-annual, vehicle registration process. One limitation of annual VMT pricing, however, is the
role of time preference. An individual will discount the cost of a mileage fee if it is imposed at a future date, and so will
not internalize the cost of the mileage fee when deciding how many miles to travel. This suggests that semi-annual fees
are better than annual mileage fees, and an instantaneous mileage fee is best if technologically possible.
As an example of the annual mileage fee, suppose external damages for traffic collisions and local air pollutants are
approximately 10 cents per mile for a given make-year-model. If this vehicle travels 15,000 miles a year, the owner would
have an annual fee of $1,500. Older and larger vehicles would pay a few more cents per mile. California, Oregon, Illinois
and Washington have already considered a transition towards a mileage tax, in part to supplement lost revenues from a
gas tax as EVs decrease the demand gasoline.95 Differentiating this tax by vehicle weight and age can make these taxes
more effective, with safer and more fuel-efficient vehicles being taxed at a lower rate.
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Finally, absent a fuel-based policy to address transportation GHG emissions, it may be economically efficient for a mileage
fee to differentiate by vehicle fuel type.96 Less carbon-intensive vehicles, like EVs, would pay less per mile – perhaps even
be subsidized. At the same time, more carbon-intensive vehicles would pay more per mile. This way, individuals and
businesses would internalize the cost of more carbon emissions when choosing between different vehicles and how many
miles to travel.

Infrastructure Investments Can Be Economically Optimal
Economic thinking is centered around marginal effects, such as the costs and benefits of an additional mile
traveled or additional gallon of gasoline consumed. This is an important framework to understand the world
and can be used to design policies that maximize welfare in the short run. As an unintended consequence,
however, economic thinking is less suited to consider non-marginal changes such as long-run changes to
infrastructure. The policies described in this section are “optimal,” in the sense that they cause consumers to
directly and fully internalize the external damages they presently ignore. But that behavior is largely conditional
on existing infrastructure and public transportation options. Long-run analysis will show that improving public
transportation and land use laws can be worthwhile approaches to reducing GHG emissions, and so, should
not be ignored.97 These long-run transitions of the transportation system and physical infrastructure can be
funded in-part by the revenue collected from externality-correcting fees on fuel consumption and vehicle
miles traveled.
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IV. Policy Recommendations

P

olicymakers should consider three avenues for addressing the market failures described above: vehicle-based
policies, fuel- or mileage- based policies, and infrastructure-based policies. For each one, this report discusses
existing authority and possible new programs or statutory changes that could help address the market failures.

To truly reform surface transportation in the United States, it is necessary to pursue policy solutions along all three
avenues – no single avenue can completely address all of surface transportation’s economic harms as each market failure
is determined in-part by different economic tradeoffs. Further, some policies are more effective when these avenues are
pursued simultaneously. For example, better infrastructure that offers alternatives to single-passenger travel will increase
the effectiveness of a fuel or mileage policy. Similarly, mileage pricing that differentially prices EVs, and prices fossil-fuels
generally, can encourage the adoption of more fuel-efficient EVs by businesses and consumers.
While this report lays out various possible policy options, it does not purport to address all the possible legal arguments
that could be made for or against each possibility. Instead, the report provides this overview in order to inform policy
discussions of the programs that would be most beneficial from the economic perspective.

Accelerate the Transition to Fuel-Efficient Vehicles
Transitioning the fleet toward vehicles with low or zero tailpipe emissions – primarily by increasing the efficiency of
vehicles with internal combustion engines (ICE) and increasing deployment of EVs – can reduce pollution from surface
transportation and increase vehicle safety (although it will do little for traffic congestion). But that transition will require
policy changes and new legislation. Existing statutory authority provides EPA with a number of tools to address this
transition, including the ability to issue regulations that would reduce pollution emissions from new vehicles. However,
some policy proposals may require the passage of new laws.
Transitioning the fleet will provide benefits beyond GHG reductions. It will help reduce local air pollutants, save
consumers money at the pump, encourage “learning-by-doing,” which in turn reduces the costs of new technologies
(making future reductions less expensive); and increase vehicle safety by reducing the weight of average vehicles on
the road and increasing the crumple space in vehicles.98 And the policies that encourage deployment of EVs will create
market demand for additional charging infrastructure, which can then contribute to a “network” effect that reduces the
financial and convenience costs for future potential electric vehicle purchasers.
This section first establishes how to improve upon existing fuel economy standards. A more stringent fuel economy
standard that directly regulates greenhouse gas emissions of new vehicles using a transparent market for credits is likely
to provide the most benefits at the smallest cost. Beyond fuel economy standards, this section will discuss additional
policies that can help accelerate the transition to cleaner, more fuel-efficient, vehicles that save consumers money.
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Existing Regulatory Authority
Extend and Improve Vehicle Emission Standards

Section 202 of the Clean Air Act requires EPA to set standards for the emission of pollutants from new motor vehicles
and engines that cause or contribute to air pollution that endangers health and welfare.99 In 2009, EPA made the requisite
“cause and contribute” and “endangerment” findings for the emission of GHGs.100 And based on those findings, EPA
set GHG emission rate limits (grams CO2 emitted per mile driven) for various classes of vehicles.101 EPA’s authority to
promulgate GHG emission standards for new motor vehicles has been upheld by the United States Court of Appeals for
the District of Columbia Circuit, and the Supreme Court declined to review the issue.102
In 2012, EPA, in conjunction with the National Highway Traffic Safety Administration (NHTSA), updated the standards
for cars and light trucks to require up to a 5% per year reduction in GHG emissions and improvement in fuel economy
through Model Year 2025.103 At that time, the agencies also committed to a “midterm evaluation” of the 2022–2025
portion of those standards, to be published “no later than April 1, 2018.”104 The agencies explained that they would use
the midterm evaluation to evaluate the appropriateness of the 2022–2025 standards “based on an updated assessment
of all the factors considered in setting the standards and the impacts of those factors on the manufacturers’ ability to
comply.”105
EPA then conducted the mid-term evaluation, and on January 12, 2017, it issued a Final Determination,106 finding
that the standards were appropriate and would result in substantial improvements in economic welfare.107 In addition,
independent research has shown that the vehicle standards increase consumer welfare while reducing GHG emissions at
a cost of $6 per metric ton of carbon dioxide.108 However, in March 2020, EPA and NHTSA significantly weakened those
standards, reducing the required rate of improvement to approximately 1.5% per year for model years 2021 to 2026.109 A
simple simulation of vehicle turnover shows the cumulative and compounding effect of the two standards on greenhouse
gas emissions, over a 20-year time frame, in Figure 7.
Figure 7 – Simulated Fuel Economy Standards and Fleet-Wide GHG Emissions to 2040
Simulated GHG Emissions From Transportation Sector
Assumes 1.5% annual improvement in fuel economy
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A simple simulation showing how fuel economy standards of 5% or 1.5% differently affect fleet-wide GHG emission. Left hand axis shows miles per gallon,
right hand axis is GHG emission indexed to 2020 levels. The simulation models a large fleet of light-duty vehicles. Fuel economy in the year 2020 is
normally distributed around 30 mpg with a standard deviation of 3 mpg. Every year, a random proportion of the fleet (6%) is replaced with new vehicles.
Fuel economy of the new vehicles is normally distributed with a mean equal to that year’s standard mpg and a standard deviation of 3 mpg.

In order to align incentives better and take into account the external cost of vehicle emissions, EPA should, at a minimum,
reinstate the ambitious – yet achievable – CO2 standards set under the Obama administration. In addition, the agency
should begin work immediately on the new set of standards for after 2025, taking into account progress in EV infrastructure
and affordability as well as all the market failures outlined in this report.
Increasing the required year-of-year improvement in fuel economy is not the only way to improve existing fuel economy
standards. There are a number of design features currently in place which could be improved upon. Instead, fuel
economy standards could (i) move away from standards that are based on footprint or class of the vehicle, (ii) include a
transparent credit market, and (iii) more explicitly and directly cap GHG emissions from new vehicle purchases. Each
will be discussed in turn.
Footprint standards: Currently, EPA sets standards for each vehicle “model year,” with different standards set by vehicle

class (cars vs. light trucks and SUVs) and vehicle size (or “footprint”). Vehicles that have a larger footprint, or are part of a
heavier class, need to meet a less stringent standard on average than those with a smaller footprint, or are part of a lighter
class. As a result, the overall level of reductions will depend on consumer purchasing decisions.
EPA has largely done this to harmonize its standards with NHTSA fuel economy standards, which are required to be set
based on an attribute such as vehicle size.110 Section 202 of the Clean Air Act, in contrast, does not require EPA to set
different standards by class or size.111
The advantage of attribute and class-based standards is that they provide consumers and automakers flexibility in
compliance. In particular, a more lenient standard for larger vehicles reduces the cost of compliance for large vehicle
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manufacturers. Other justifications for the footprint-based standard may not be as strong, however. While some have
argued that a larger vehicle has the potential to better protect its passengers in the case of a crash,112 the argument
associating a vehicle’s mass with its occupant’s safety is based on a weak statistical relationship.113 In addition, these
benefits also come with costs, as footprint incentives encourage automakers to sell, and consumers to buy, larger vehicles
that tend to be less fuel-efficient.114 What is more, larger vehicles can significantly increase the risk of harm to others in a
collision, especially if the other party to the crash is a pedestrian or bicyclist.115
Moreover, there is mounting evidence to suggest that the benefits provided by attribute standards are overshadowed
by problematic distortions to consumer and manufacturer decisionmaking.116 A lenient standard for large-vehicle
manufacturers is justified by economic theory only if auto manufacturers face additional challenges improving the
fuel efficiency of larger vehicles, and each vehicle must meet its own fuel-economy standard.117 Because section 202
standards incorporate an “averaging, banking, and trading” program, which allows large-vehicle manufacturers to
achieve compliance through both average fleet performance and by purchasing compliance credits, there is limited-to-no
economic rationale for basing the standards on some other attribute like footprint or weight.118 For this reason as well as
the harmful downsides of incentivizing larger vehicles, the EPA should consider moving away from its practice of setting
different standards by class and size.
Credit markets:

Setting a uniform standard does not mean that every vehicle is required to meet a specific emissionrate level. Section 202 standards incorporate an “averaging, banking, and trading” program – market-based measures
in which vehicle manufacturers can average, bank, and buy/sell credits across time, manufacturers, and model types.119
Maintaining such a program allows for flexibility similar to that afforded by attribute-based standards, and so decreases
compliance costs overall. However, unlike footprint standards, an “averaging, banking, and trading” program does not
necessarily decrease average fuel economy by incentivizing the production and adoption of larger, less fuel-efficient,
vehicles.
Increasing the transparency of credit trading, by establishing and supporting a formal marketplace for credits, will
decrease the compliance cost of any standard and even allow for a stricter standard for the same social cost. A transparent
credit market places all players on equal informational footing, facilitates price discovery, and assists buyers and sellers
in reaching terms.120 All of these benefits would encourage mutually beneficial trades that decrease compliance costs. In
spite of this, the current standard does not require or facilitate transparent prices and quantities in the compliance credit
market.121
Greenhouse-gas emissions: Another improvement can be made by capping economy-wide GHG emissions induced by

new vehicle purchases. If EPA’s goal is to restrict GHG emissions from new vehicles then an economy-wide cap does this
directly while also allowing for the trade of GHG-specific credits in a transparent market.122 This type of cap-and-trade
program for new vehicle GHG emissions does not exist at this time, but it would better guarantee emission reductions,
provide benefits at a low cost and be straightforward to administer within the existing authority granted to the EPA under
section 202 of the Clean Air Act.123
Under this program, the associated GHG emissions of each new vehicle sold would be based on the fuel efficiency of the
vehicle, and the expected miles traveled by that vehicle.124 Automakers would be required to retire compliance credits
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equal to the associated GHG emissions of each new vehicle sold. For example, automakers selling EVs powered by
renewable energy need fewer compliance credits than automakers selling the same number of GHG-emission-intensive,
high-mileage trucks.
These compliance credits could be freely distributed among automakers, auctioned off to generate revenue, or some
combination of those two options. Because the total number of compliance credits would be limited and decrease
over time, GHG emission reductions would be guaranteed – even more so relative to the existing standard which only
regulates the average fuel economy of new vehicles.
This policy framework allows for great flexibility in compliance as it would retain the “averaging, banking, and trading”
features of the existing GHG emissions standards program. In addition, because the program is truly technology neutral,
alternative-fuel and fuel-efficient vehicles benefit from the program only in proportion to the outcome that matters: their
relative reduction in lifetime GHG emissions. In this way, the program can achieve emission reductions at the lowest
possible costs. Finally, this technology neutral option would also avoid the attribute-based issues outlined above.125

New Programs and Statutory Changes
There are several promising policies that might address the market failures discussed in this section and encourage a
transition to energy-efficient vehicles. Although outside the scope of existing authority, these policies can help in
decreasing GHG emissions and local air pollutants. For each, policy design features can increase the program’s costeffectiveness.
Directly Support Electric Vehicle Adoption

EVs provide great promise in reducing GHG and local air pollution. Several states have implemented subsidy programs
that have encouraged electric vehicle adoption, the most effective of which are direct rebates at the time of purchase.126
But despite that support, battery-based vehicles of all forms, including conventional hybrids, accounted for only 5% of
the American new car market in 2018.127 Consumers have limited incentive to purchase an electric vehicle so long as
the EVs remain more expensive than their internal combustion equivalent, and manufacturers have little incentive to
produce them given that fuel economy and emissions standards can be met without such technology, making them a
costly compliance strategy. Thus for EVs to have any effect in the near term they need to be subsidized until they reach cost
parity with traditional internal combustion engines.128 Subsidies can be justified by economic principles, as a purchase
subsidy addresses GHG and local air pollutant market failures in addition to the diffusion of network technology and
learning-by-doing related market failures.129
The federal government supports purchase of some EVs with a federal income tax credit of up to $7,500.130 However,
this tax credit is only available for the first 200,000 vehicles sold by each manufacturer. Some of these manufacturers
have already exhausted all possible credits.131 This has the effect of penalizing successful EV manufacturers and limiting
the incentive for additional EV deployment. Congress should extend the tax credit beyond the current 200,000 vehicle
limit. In addition, Congress should convert the subsidy into a more effective subsidy mechanism such as direct purchase
rebates instead of an income tax credit because consumers are more responsive to immediate rebates than future tax
credits.132 Congress could also target the subsidy towards low-income consumers, which would be justified on efficiency
and equity grounds, as these households are more responsive to changes in the new vehicle purchase price.133 These
purchase subsides can complement existing vehicle emission standards.134
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Initiate a Scrappage Program Targeted at Heavy and Older Vehicles

Cars are durable goods and so the reduction in vehicle emissions will depend not only on the emission rate of new
vehicles but also the retirement of old vehicles. Currently, only 7% of the fleet of vehicles in the United States are
“scrapped” – taken off the road – each year.135 Although existing policies and regulations for new vehicle purchases play
an important role in addressing transportation market failures, they ultimately can only target a small fraction of all
transportation-related market failures because they target only new vehicle purchases. Instead, policies directly targeted
at the scrappage of fuel-inefficient, heavy, and older vehicles have the potential to more immediately mitigate the harm of
many of transportations market failures.
Unfortunately, under Section 202 of the Clean Air Act, EPA only has authority to regulate new vehicles, not old ones.136
This legal structure is known as “grandfathering”137 and as is typical, produces significant problems. For example, if the
new-vehicle rules lead to significantly increased prices, they can cause vehicle owners to keep their older, less-efficient
vehicles for longer, and depending on maintenance costs and many other factors, could exacerbate some emissions
gains.138
Figure 8 – Scrappage Policy and Fleet-Wide GHG Emissions to 2040
Simulated GHG Emissions From Transportation Sector
Assumes 5% annual improvement in fuel economy,
and 10% scrappage rate with dirty prioritized
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A simple simulation, similar to Figure 7, showing how a scrappage policy accelerates the reduction in fleet wide GHG emissions. Every year, the most fuelinefficient vehicles are scrapped and replaced by new vehicles that meet that year’s standard on average.

A program that encourages the replacement of the oldest and most emissions-intensive vehicles with new vehicles can
counteract some of the effect of grandfathering and speed up the transition of the vehicle fleet, as demonstrated in Figure
8 with a simple simulation. For example, in 2009, as part of federal efforts to restart the economy during the economic
recession, Congress created a “cash for clunkers” program that encouraged the scrapping of older vehicles.139 Economic
analyses have shown that this type of program can provide substantial consumer and economic benefits so long as it
is properly designed.140 Although the cost to abate GHG emissions under the 2009 program, net of reduced local air
pollution benefits, was estimated to be above the Social Cost of Carbon – making it a more expensive alternative to a
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carbon tax – improvements made to the program design, coupled with the recent improvements in fuel economy, are
likely to make this policy more cost-effective.141
Congress could adopt a similar program to encourage the scrapping of older, heavier, fuel inefficient domestic vehicles.
For this policy to be effective, however, it needs to incentivize the purchase of vehicles that would not have been purchased
absent the policy.142 For this reason, purchase credits should be applied only towards the most fuel-efficient and safe
vehicles, and the value of the credit should increase in proportion to the weight and emissions of the scrapped vehicle.
The compensation for scrapping a vehicle should be in the form of subsidy towards the purchase of a new or used EVs or
a voucher for use on public transportation. What is more, it should be verified these vehicles are permanently scrapped
and recycled, and not exported to another country.143

Rein in Fuel Consumption and Miles Traveled
The advent of more affordable EVs provides great promise for decarbonizing the transportation sector, despite some
uncertainty over when EVs will be able to perfectly replace all types of traditional internal combustion engine vehicles at
an equivalent cost.144 Absent significant electric vehicle adoption, to reduce the external damages from carbon emissions,
and indirectly address all the other market failures from the transportation sector, it is important to price the damages
caused by the combustion of fossil fuels by vehicles and/or by each additional mile traveled.
Putting a price on the combustion of fossil fuels or miles traveled is a way to ensure immediate reductions in GHG
emissions and it can help alleviate the “grandfathering” problem that occurs when only new vehicles are subject to
regulation. Because a policy that prices fossil fuel combustion by vehicles or directly prices VMT will incentivize a
reduction in miles traveled, the co-benefits are likely to be large. The greatest obstacle to this policy is political feasibility.145
This section outlines the existing authority of EPA to establish a fuel-based program intended to reduce GHGs from
the transportation sector. Although EPA has not acted on this authority, doing so would provide immense benefits to
consumers, guaranteeing immediate reductions in GHG emissions and related economic harms. The report surveys a
number of alternative statutory changes that could be used to address miles traveled and fuel consumption, available at
nearly every level of governance in the United States.

Existing Regulatory Authority
Adopt a Federal Low Carbon Fuel Standard or Cap-and-Trade Program for Vehicle Fuels

The EPA could implement one of two potential fuel-based programs, either a low carbon fuel standard or a cap-andtrade program, which both have great potential to internalize the harm of transportation GHG emissions and could be
implemented pursuant to EPA’s existing Clean Air Act authority. The benefits of these programs include the immediate
and guaranteed reduction in GHG emissions as well as the sizeable co-benefits of reduced local-air pollution, traffic
congestion, and traffic collisions.
A low carbon fuel standard (LCFS) is a rate-based trading program designed to reduce the average carbon intensity, in
terms of grams of GHG emissions per unit of energy, of all vehicle fuels – including electricity used to power EVs.146 Fuels
with a GHG intensity below the standard generate credits that can be sold to distributors of fuels with a GHG intensity
above the standard. In this way, an LCFS acts as an implicit tax on more-GHG-intensive fuels, and an implicit subsidy
for less-carbon-intensive fuels.
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As for cap-and-trade programs, whereas an LCFS limits the rate at which vehicle fuels can produce carbon emissions, a
cap-and-trade program limits the total quantity of vehicle-related carbon emissions that can occur in a given time period.
Under such a program, a regulator sets the cap and then provides – either by auction, free allocation, or a combination
of the two methods – a corresponding number of permits to fuel distributors. Each distributor must, at the end of a
compliance period, hold a number of permits equal to the GHG emissions attributable to its fuel sales for that period.
Even if permits are initially allocated at no cost, the ability to subsequently sell them to or purchase them from other
distributors puts an implicit price on carbon emissions.
If set at a sufficiently stringent level, either an LCFS or an aggregate emissions cap could reduce emissions to the same
degree as a carbon tax on vehicle fuels. In fact, estimates suggest that within the next 10 years, California’s LCFS program
(which can serve as a model for a national LCFS)147 will approximate a fuel tax at the level of Social Cost of Carbon.148
Additionally, relative to EPA’s existing Renewable Fuel Standards program, which sets annual use targets for particular
types of biofuel, both LCFS and cap-and-trade programs have the advantage of being more technology-neutral.
Approaches that are more technology-neutral are beneficial because they identify the lowest cost method of reducing
GHG emissions, and do not require speculation on emission reduction potential of untested technologies. Thus,
both LCFS and cap-and-trade programs minimize the aggregate cost of achieving a given level of GHG reduction by
affording fuel distributors flexibility to adjust their compliance strategies over time in response to the introduction of
new technologies or changes in the price of existing technologies.149
Because it limits average carbon emissions per unit of fuel, instead of total carbon emissions, an LCFS provides greater
flexibility to respond to unexpected spikes in fuel demand.150 A cap-and-trade program on the other hand, provides
greater certainty as to the amount of emission reduction that will be achieved in a given compliance period but can lead
to unexpectedly high or low compliance costs if the demand or supply of fuels exceed projections.151
Establishing either type of program is within EPA’s existing statutory authority. Section 211(c) of the Clean Air Act
permits the agency to “by regulation, control or prohibit the manufacture… or sale of any fuel or fuel additive for use
in a motor vehicle, motor vehicle engine, or nonroad engine or nonroad vehicle if, in [its] judgment . . . any emission
product of [a] fuel or fuel additive causes, or contributes, to air pollution . . . that may reasonably be anticipated to
endanger the public health or welfare.”152 EPA may proceed with such regulation so long as it first considers “other
technologically or economically feasible means of achieving emission standards under [section 202].”153 Given the
limits of section 202 emissions standards for new vehicles described above, including the grandfathering issue, EPA
could reasonably determine that section 202 standards cannot sufficiently mitigate health and welfare harms associated
with GHG emissions from vehicle fuels and that it is thus necessary for the agency to further reduce such emissions by
implementing “control[s]” on fuel sales under section 211(c).
The Clean Air Act does not define “control” as it applies under section 211(c). However, EPA has previously used this
section to establish market-based trading programs for pollution-producing components of vehicle fuels. In 1985, EPA
established such a program for lead, which was ultimately upheld by the D.C. Circuit in 1987.154 In 2000, EPA implemented
a similar program for sulfur content as part of its Tier 2 Vehicle and Gasoline Sulfur Program.155 Though such trading
programs were built around rate-based limits, nothing in the text of Section 211 or related case law suggests that the
provision could not similarly support the establishment of an aggregate emissions cap (i.e., a mass-based limit).156 Nor
does section 211 provide any express constraint on the stringency of “control” measures adopted under the provision.
Thus, EPA has discretion to set an LCFS or emissions cap at a level that approximates the incentive effects of an efficient
fuel tax and thus maximizes the regulatory program’s net benefits.
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New Programs and Statutory Changes
There are several promising policies that might address the market failures discussed in this section and reduce fuel
consumption.
Update Federal Fuel Taxes

A fuel tax is an economically optimal option for addressing the market failures caused by fuel usage because it balances
the costs and benefits of additional fuel consumption. The federal government imposes a tax on fuel. The current fuel
tax is $0.18 per gallon of gasoline to fund highway maintenance.157 This level has not been updated since 1993, and has
not been adjusted for inflation.158 Congress could pass a new statute that updates the federal fuel tax in order to reflect
the external damage caused by fuel combustion and associated driving. At the same time, it would increase revenue for
the Highway Trust Fund, which has been operating at a deficit and subsidized by general funds in recent years.159 Figure
9 shows the immediate and lasting effect of a 50-cent increase in gasoline’s price on fleet-wide greenhouse gas emissions
using a simple simulation.
With the COVID-19 crisis, social-distancing measures have reduced demand for gasoline at least temporarily,
consequently reducing the price of gasoline.160 Even though the ongoing situation has placed a significant economic
hardship on some households, a higher federal fuel tax is unlikely to add a large additional burden to consumers or
businesses – especially if the tax is used to subsidize less carbon-intensive alternatives to driving a private vehicle.
Figure 9 – Fuel Tax and Fleet-Wide GHG Emissions to 2040
Simulated GHG Emissions From Transportation Sector
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A simple simulation, similar to Figure 7, showing the anticipated change in greenhouse gas emissions from the introduction of a 50 cent per gallon tax. The
simulation assumes a gas price of $2.50 per gallon and an elasticity of demand for fuel consumption of 0.4, consistent with the effects of a permanent price
change estimated in Shanjun et al. supra note 93.
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Restructure Annual Vehicle Registration Fees

Mileage fees are another promising option. In most states, vehicles must have an active registration for them to legally
operate on public roads. As part of semi-regular updates to vehicle registration, departments of transportation in various
states could easily require an odometer reading. With access to this data, it would be entirely feasible for state governments
to impose a mileage fee as part of registering a vehicle, as described in section II.
Such a fee is potentially more equitable, efficient, and politically feasible than a fuel tax, especially if the mileage fee is
differentiated by the externality per mile traveled.161 For example, a higher mileage fee could be applied to older, heavier,
less-safe, and fuel-inefficient vehicles that generate more emissions in a high-population-density area.
Among the states, Oregon has already moved towards mileage-based registration fees offering a template other states can
follow.162 Implementing such fees in other jurisdictions would likely require new legislation directing the Departments
of Motor Vehicles (DMV) to charge registration fees per mile.163
Support Regional Cap-and-Invest Programs

Regional cap-and-trade programs can also provide some of the benefits of a more full-scale cap-and-trade program.
Absent a federal fuel policy, states should consider joining a regional program to rein in fuel consumption such as the
Transportation and Climate Initiative (TCI). In 2010, 11 participant-states launched TCI to “reduce GHG emissions,
minimize our transportation system’s reliance on high-carbon fuels, promote sustainable growth, address the challenges of
vehicle miles traveled and help build the clean energy economy.”164 Effectively, the cap will assign a price to transportation
fuel emissions that fluctuates with demand for transportation fuels. Recently, TCI has issued a Draft Memorandum of
Understanding and conducted a modeling exercise showing $3 to $10 billion in health benefits by 2032 from reduced air
pollution and traffic collisions.165
The TCI cap-and-trade program would also raise funds through the sale of allowances, which can be used to invest in
transportation-sector emission reductions including a targeted scrappage program, public transportation, EV charging
stations, EV purchase subsidies. This feature of the initiative guarantees a stream of green-transportation revenue for
state and local governments.

Direct Transportation Infrastructure Spending Towards Net-Beneficial
Investments
Infrastructure is a substantial determinant of vehicle-miles traveled and mode choice, and so is a determinant of all market
failures in the transportation sector. When investing in transportation infrastructure, including highways, roadways,
public transportation service, and the spatial distribution of housing and businesses, it is essential to consider all the
relevant costs and benefits. Importantly, this includes a consideration of the implied greenhouse gas emissions and traffic
congestion, as well as safety – especially for pedestrians.
This section establishes what improvements can be made with the existing authority granted to U.S. Department of
Transportation (DOT), including better accounting of GHG emissions of transportation projects and targeting
discretionary programs, and then broadly outlines new policies that can address market failures in the transportation
sector.
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Existing Regulatory Authority
The DOT is a major source of infrastructure funding, spending over $70 billion annually.166 This spending primarily
consists of transfers to state transportation agencies pursuant to programs authorized by Congress in multi-year combined
authorization and funding laws.167
Though much of DOT’s spending – including almost all of its highway spending – is allocated according to statutory
formulas,168 the agency has discretion to better track and mitigate the climate impacts of at least some programs.
Specifically, DOT can and should (1) require accounting for GHG emissions as part of the National Highway Performance
Program, and (2) require applicants for discretionary funding programs to conduct cost-benefit analyses quantifying
and monetizing GHG emission impacts.
Require Accounting for GHG Emissions Associated with Federally Aided Highways

DOT should restore a GHG emissions measure to the National Highway Performance Program (NHPP). The NHPP,
which accounted for more than half of federal highway spending between 2016 and 2020, requires DOT to establish
performance criteria for state use of program funds.169 States that fail to comply with these criteria receive only 65%
federal support for a highway expenditure, significantly less than the 80-95% that is typically provided.170
In 2017, the Obama administration added a GHG measure to the NHPP criteria, requiring state departments of
transportation to track annual tons of tailpipe carbon dioxide emissions, and then to set two- and four-year emissions
goals.171 Though achievement of these goals was not mandatory, DOT expected that states would “use the information and
data generated as a result of the new regulations to inform their transportation planning and programming decisions.”172
The 2017 rule, however, was never implemented, and the Trump administration repealed it in May 2018, citing the
absence of “any statutory provision that specifically directs or requires [the Federal Highway Administration] to adopt
a GHG measure.”173 The administration did not, however, dispute that DOT had discretion to require the measure.
Indeed, the use of a GHG measure is entirely consistent with the NHPP’s express goal of promoting the “environmental
sustainability” of the federal highway system.174 Thus, a future administration could and should restore the measure
pursuant to DOT’s existing authority.
Target Discretionary Spending at the Department of Transportation

Some of DOT’s grant programs are discretionary rather than formulaic. That is, the agency has discretion to determine
which states and projects receive the funds and, to some extent, the criteria by which funding applications are evaluated.
Wherever permissible, DOT should require applicants to such programs to prepare a cost-benefit analysis that includes
a properly quantified and monetized measure of the project’s GHG impacts and prioritize funding for projects with the
highest estimated net benefits.
For example, the Better Utilizing Investments to Leverage Development (BUILD) program for surface transportation
capital projects and planning projects already requires grant applicants to submit cost-benefit analyses for their proposed
projects.175 However, DOT’s current guidance on preparing such analyses recommends an indefensibly low estimate of
the Social Cost of Carbon – inconsistent with the best available science.176 Furthermore, DOT does not specify how the
results of applicants’ cost-benefit analyses inform its funding decisions.177 To more efficiently allocate BUILD funds,
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DOT should, first, amend its Benefit-Cost Guidance for Discretionary Grant Programs to include a Social Cost of
Carbon based on the best available science and, second, make the results of applicants’ cost-benefit analyses an express
criterion in its BUILD funding decisions. Doing so will likely reverse a recent trend, that has directed 50% of BUILD
funding towards roads and away from transit and freight.178
DOT could take similar steps to improve its funding decisions under the Infrastructure for Rebuilding American
(INFRA) program, which supports efforts to rebuild aging U.S. infrastructure and which also already requires applicants
to submit a cost-benefit analysis.

New Programs and Statutory Changes
There are several promising policies that would shift transportation spending towards net-beneficial investments.
Support the Build-out of Electric Vehicles Charging Infrastructure

The number one concern preventing consumers from adopting EVs is the lack of public charging infrastructure.179 Just
like the transition to unleaded gasoline, it is unlikely that market forces alone will provide the right incentives to build
refueling infrastructure.180 Direct support for the build-out of electric vehicle charging infrastructure also addresses the
network technology feature of EVs, and so can help kick-start adoption of EVs that would not have occurred absent a
thick network of electric vehicle chargers.181
The Energy Policy Act of 2005 included a 30 percent investment tax credit for the installation of alternative fuel
infrastructure, including electric vehicle charging infrastructure.182 These credits expired in 2016, and have only recently
been retroactively extended through the end of 2020.183 Congress should extend this tax credit to beyond 2020, and
prioritize commercial and public fast-charging stations as these provide the most benefit to consumers in need of
charging on-the-go.
A national network of electric vehicle charging stations is essential to spur adoption of EVs and decrease greenhouse gas
emissions. Aware of this fact, DOT has designated “alternative fuel corridors” along the interstate highway system.184 This
program largely provides official designation, organizational support, and signage identifying the corridor – but little
more than that. Congress should support electric vehicle charging at federal highway rest stops along these corridors.
This would require a change to federal law, which currently prohibits commercial activity in Interstate Highway rest areas
as a condition of federal funding.185
Direct More Funding Towards Beneficial Public Transportation, Complete Streets, and Transit-Oriented
Development

In 2014, total expenditure of highway infrastructure in the United States was nearly three times that spent on public
transportation infrastructure.186 Three-quarters of these funds come from the federal government through multi-year
combined authorization and funding laws passed by congress. Directing more of these total funds towards public
transportation in urban areas is likely to reduce harmful air pollution, traffic congestion, and traffic collisions.
The most recent bill passed by the House (not yet passed in the Senate), the INVEST in America Act, includes additional
funding for public transportation infrastructure – and does the same for the interstate highway system.187 Ideally, such
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a funding bill should reorient the focus of national expenditure away from highways and towards public transit, as the
marginal value of each dollar spent on public transportation is more likely to address transportation market failures.
Besides federal support for expanded public transportation service, it is essential to support infrastructure that better
connects people with jobs. Transit-oriented development, referring to a mix of commercial, residential, and office
developments near public transportation hubs, broadly encompasses this idea. Currently, the DOT Federal Transit
Authority provides technical assistance to federally funded public transportation projects seeking to promote transitoriented development.188 The INVEST in America Act expands upon a prior pilot program providing direct grants for
transit-oriented development planning.189 This is a great step in the right direction, and the Senate should include this
program in the final legislation.
Finally, 20% of all traffic-related fatalities in 2018 were pedestrians, bicyclists, or other nonoccupants.190 Simple changes
to public infrastructure, including sidewalks, raised medians, elevated crosswalks, better bus stop placement, and general
traffic-calming measures improve pedestrian safety.191 Generally, these design features are captured under the idea of
“complete streets,” which include “road[s] … designed to be safe for drivers; bicyclists; transit vehicles and users; and
pedestrians of all ages and abilities.”192 The INVEST in America Act supports complete streets in its updates to roadway
design standard, and goes further to support a vision “towards zero” traffic related deaths.193 The Senate should support
both of these provisions in the final legislation.
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V. Environmental Justice Considerations

T

ransportation externalities disproportionately harm low-income and minority communities, particularly with
respect to local air pollution. When implementing policies to mitigate externalities associated with roadway
travel, policymakers should also consider the disproportionate harmful impacts these market failures impose
on low-income and minority communities. Taking environmental justice considerations into account and ensuring that
the benefits and risks of government policies are fairly distributed across all communities, particularly when it comes
to health and environmental impacts is a way to address these longstanding disparities.194 Within the transportation
sector, a policymaking approach rooted in environmental justice is necessary to ensure that future transit decisions work
towards both correcting existing inequalities and preventing additional harm to communities that already bear the brunt
of the market failures discussed in this report. Specific environmental justice policies can be employed to mitigate these
disparities.

Disproportionate Impact of Externalities in Surface Transportation on LowIncome and Minority Communities
Local Air Pollution
Even though people living in low-income communities receive fewer benefits from most transportation improvements,195
they are disproportionately exposed to the harmful effects of transportation, such as Transportation Related Air
Pollutants.196 This disparity is most extreme for low-income people of color, who experience higher levels of exposure
than low-income white people.197 Forced longer commute times and discriminatory policies that have led to a greater
tendency to live in urban areas are driving factors contributing to these disparities.198
Increased exposure to Transportation Related Air Pollutants detrimentally affects people’s health, educational and
professional success, and propensity to commit violent crime, all of which reinforce the cycle of poverty and lead to
additional societal costs.
In particular, exposure to Transportation Related Air Pollutants has been linked to more hospital visits for asthma,
respiratory conditions, and heart problems.199 While young children and the elderly are most sensitive to Transportation
Related Air Pollutants and therefore more likely to suffer from these health problems, greater exposure to Transportation
Related Air Pollutants also affects the respiratory and heart health of adults ages 20 to 64.200 Across 12 California
communities near airports, days with higher levels of Transportation Related Air Pollutants are associated with $540,000
in additional medical expenses per day.201
Exposure to Transportation Related Air Pollutants can also negatively affect academic and professional success. A study
analyzing the effects of PM2.5 and CO on high school students taking standardized tests found that greater levels of these
pollutants on testing days led to a noticeable drop in scores.202 Beyond just short-term effects on test scores, air pollution
can also have a long-term impact on academic success given the importance of these tests for university entry, major
selection, etc.203 Higher levels of air pollution are also associated with greater levels of school absenteeism for children,
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suggesting further impediments to academic success.204 Additionally, increased exposure to air pollutants reduces the
number of hours adults are able to work, perhaps in part due to increased health problems and hospitalizations.205
Lastly, short-term exposure to higher levels of Transportation Related Air Pollutants increases rates of violent crimes. A
study compared crime rates on two sides of a major highway and found that on any given day, the side downwind from
air pollution sources experienced an average 2.2% increase in violent crime.206 The study did not find any correlation
between greater exposure to air pollution and property crime rates, however.207

Other Externalities
Beyond local air pollution, market failures such as greenhouse gas emissions, traffic congestion, and traffic collisions also
disproportionately affect low-income and minority groups.
In particular, higher levels of GHGs accelerate climate change, which lower-income and minority groups suffer from the
most. Climate change increases the frequency of extreme heat waves and flooding, which primarily affect low-income
communities.208 Additionally, low-income people and people of color are more financially constrained when it comes to
mitigating the harmful effects of climate change, either by purchasing resources like flood insurance and air conditioning
or relocating to areas less prone to natural disaster.209 The unfairness of this disproportionate climate change burden is
further heightened given that minority groups are less responsible for GHGs and resulting climate change effects.210 On
average, African American households emit 20% less carbon dioxide than white households.211
Additionally, low-income people are more likely to be involved in pedestrian traffic collisions. This in part stems from
the fact that low-income groups are more likely to live in areas with high residential density or mixed land use (i.e., where
trade, public buildings, and residences all coexist).212 Similarly, low-income groups are more likely to live in urban areas
near major roadways and with heavy traffic flow, which increases exposure to vehicles on a daily basis.213 The design of
roadways in lower-income areas also plays a role. Four-way intersections are much more likely to lead to crashes than
three-way or T-intersections and they are more prevalent in low-income communities versus wealthy communities.214
Lastly, low-income communities suffer greatly from increased traffic congestion. Because many low-income people
cannot afford cars, they rely on public transportation to access jobs, healthcare, and schools.215 Increasingly, bus transit
is the main public transportation option available in these communities.216 This is due in part to a recent increase in
poor populations in the suburbs, where central public transit options like subways and bikeshares are unavailable.217
Additionally, many new public transportation hubs have been placed primarily in affluent areas.218 While individual bus
riders contribute less to overall traffic congestion than those who choose to travel by car, they still suffer more when
traffic hits.219 Buses delayed due to traffic lead to inaccurate arrival information, bus bunching, and overcrowding, all of
which prolong time spent commuting and waiting before even getting on the road.220

Policy Recommendations
Since the environmental justice movement first began in the 1980s, various policy recommendations have been
considered to ensure that disadvantaged groups are not disproportionately affected by government actions.221 There are
two main types of environmental justice policies, both of which are necessary to ensure equity in transportation decisionmaking: procedural policies and substantive policies.222 For the most part, these recommendations apply generally across
different types of transportation decisions and can be utilized to address many or all of the externalities described herein.
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Procedural Policy Recommendations
Over the years, greater public involvement in government decision-making processes, particularly among disadvantaged
groups, has been shown to be as an effective tool to address environmental justice concerns. The Department of
Transportation has recognized the importance of this measure to ensure that the interests of all groups that may be
affected by a particular transportation proposal are acknowledged.223 This is particularly relevant for marginalized groups
that have historically been excluded from participating in transportation-related decisions and which have accordingly
shouldered more of their costs.224
Specific policy recommendations to encourage broader and more diverse public participation include (1) developing
strategies to identify and engage with more diverse community groups throughout the planning and decision-making
process and (2) withholding certification of planning projects unless they incorporate underserved communities in the
public involvement process.225 At the federal level, authority to implement these strategies rests with the Department of
Transportation.226 At the state and local level, this authority typically rests with Metropolitan Planning Organizations.227
Federal agencies may also have authority to implement these public participation strategies for state and local projects
that receive federal funding. For state and local highway projects that receive federal funding as Federal-Aid Projects,
the Federal Highway Administration (“FHWA”) is required to create an Oversight Program for each project, which “at
a minimum, shall be responsive to all areas relating to financial integrity and project delivery.”228 Using this authority,
FHWA could potentially require state and local authorities to comply with these environmental justice policies. Similarly,
state and local public transportation projects that receive funding under the Capital Investment Grant program (“CIG”)
are required to submit project proposal plans to the Federal Transit Authority (“FTA”) in accordance with the Fixing
America’s Surface Transportation (“FAST”) Act.229 Projects seeking funding pursuant to CIG are required to demonstrate
that the project is “justified” based on a number of criteria including mobility improvements, environmental benefits,
congestion relief, economic development, and estimated ridership.230 FTA could use its project approval authority to
require state and local governments to implement public participation measures in order to comply with these CIG
FAST Act criteria.
Additionally, groups charged with making transportation decisions can elect strategic community representatives to their
boards to facilitate public outreach, such as coalitions that advocate for community involvement in smart growth and
environmental justice like The Transportation Equity Network of the Center for Community Change or the Funders’
Network for Smart Growth and Livable Communities.231
While policies that increase and diversify public participation are crucial, it is important to recognize the limits of these
measures.232 Additional policies, such as an explicit mandate that transportation agencies initiate their own research
into the impact of potential decisions on disadvantaged communities, are necessary to ensure that the interests of these
groups are recognized in the transportation planning process.233 For example, Executive Order 12898 requires federal
agencies to develop internal programs that “identif[y] and address[] disproportionately high and adverse human health
or environmental effects” of their projects and policies.234 Similarly, The Transportation Equity Act for the 21st Century
(“TEA-21”) requires Metropolitan Planning Organizations to develop participation plans that include a description of
strategies for “[s]eeking out and considering the needs of those traditionally underserved by transportation systems,
such as low-income and minority households, who may face challenges accessing employment or other services.”235
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While procedural policies such as these are important on a symbolic level, they alone have not been effective in reducing
disproportionate harmful impacts of recent government actions on low-income and minority groups.236 An approach
that goes beyond symbolic gestures and adopts policies that also substantively benefit low-income and minority groups
is necessary to meet environmental justice goals.

Substantive Policy Recommendations
Given the proximity of many low-income and minority communities to major thoroughfares and their reliance on bus
transportation, replacing internal combustion trucks and buses with electric alternatives could significantly decrease both
GHGs and the level of Transportation Related Air Pollutants in these areas.237 While encouraging widespread adoption
of EVs among private drivers would also likely improve air quality in low-income communities, government programs
geared towards this goal so far have primarily been utilized by higher income car purchasers rather than car purchasers
living in low-income areas.238 Accordingly, environmental justice goals would be more efficiently and effectively served by
focusing on heavy-duty buses and trucks, while also targeting electric vehicle purchase subsidies towards lower-income
and minority households or neighborhoods.
Policymakers could also address environmental justice concerns related to surface transportation market failures by
improving public transit services and providing these at a discount (or for free).239 Because low-income communities
tend to rely on public transportation more than wealthier communities, focusing on these forms of transit rather than
highway expansions would both level the accessibility playing field between these groups and avoid increased emissions
from adding more private cars to the road.240 By taking more drivers off the roads, particularly if commuters who can
afford private car transportation are incentivized to use public transit instead, these measures would likely reduce local
air pollution in low-income communities, GHG emissions, traffic congestion, and traffic collisions. Additional measures
to improve low-income access to public transportation include subsidizing on-demand services to take people to transit
stations and improving the connectivity of existing and new transit stations.241
Lastly, state and federal governments could implement fuel and VMT taxes and direct the corresponding tax revenue
towards low-income and minority communities. These policies not only disincentivize driving generally, but also force
drivers themselves to internalize the social costs of their travel (as discussed earlier).242 Low-income groups would
benefit disproportionately from the overall reduction in local air pollution, climate change effects from greenhouse gas
emissions, traffic congestion, and traffic collisions that would result from lower driving rates. Given that low-income
and minority groups are less responsible for contributing to these transportation-related health and safety externalities,
policies like fuel and VMT taxes appropriately place the burden of reform on wealthier groups that are more responsible.
Doing so would be a step forward in correcting the current mismatch between the benefits and burdens of transportation.
It is essential, however, that the revenue from fuel and VMT taxes be used to offset the burden fuel and VMT fees place
on low-income and minority communities – by investing in cleaner technologies and public transportation initiatives
discussed above, or even in a general wealth transfer – as doing so is crucial to ensuring these are progressive policies that
correct for environmental injustices.
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VI. Conclusion

S

urface transportation in the United States is in dire need of reform. Due to GHG emissions, local air pollutants,
traffic congestion, and traffic collisions, the true costs of transportation can at times eclipse the benefits provided.
Quantifying the damages of these market failures can help inform policy solutions.

Economically efficient policies to address these market failures include a fuel fee of roughly 50 cents per gallon of gasoline,
and a mileage fee of roughly 10 cents per mile. Differentiating the mileage fee by vehicle weight, size, and age increases
social welfare.
Legal and political roadblocks could make it difficult to implement the economically optimal policies – but there are
several other options for policymakers that would be beneficial for Americans. Moreover, no single avenue can solve all
of the problems associated with the transportation sector. Instead, a unified approach that simultaneously considers the
many market failures in surface transportation is more likely to increase welfare at a low cost to society. In particular, a
comprehensive transportation policy includes well-designed vehicle-, fuel-, and infrastructure-based policies.
Finally, market failures in the transportation sector place an unequal burden on already disadvantaged groups largely
in the form of local air pollution. Policymakers should consider the distribution of benefits when evaluating alternative
transportation policies and adopt both procedural and substantive changes to ensure a more just outcome.

Summary of Policy Recommendations
* denotes policy is permissible under existing authority

Recommendations to Federal Policymakers:

Accelerating the Transition to Fuel Efficient Vehicles
*Extend and Improve Vehicle Emission Standards
• Reinstate ambitious, yet-achievable, vehicle GHG emission standards. Consider improving on the design of
the standards by (i) rescinding class- and attribute-based features, (ii) establishing a transparent marketplace
for compliance credits, and (iii) directly limiting the lifetime GHG emissions of new vehicle sales.
Directly Support Electric Vehicle Adoption
• Extend federal purchase subsides for electric vehicles beyond the first 200,000 vehicles sold by each
manufacturer. Target the subsidies towards more price responsive low-income households.
Initiate a Scrappage Program Targeted at Heavy and Older Vehicles
• Target the scrappage of vehicles that disproportionately generate more local air pollution and additional riskof-harm to others. Value the credit of each scraped vehicle in proportion to its weight and emissions. Apply
the scrappage credit only towards the most fuel-efficient vehicles or alternatives to passenger vehicles.
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Reining in Fuel Consumption and Vehicle Miles Traveled
*Adopt a Federal Low Carbon Fuel Standard or Cap-and-Trade Program for Vehicle Fuels
• Establish either fuel-based program – both of which can guarantee immediate emission reductions and
provide sizable co-benefits by reducing total vehicle miles traveled.
Update Federal Fuel Taxes
• Increase the federal fuel taxes to reflect the monetized damages of GHG emissions, inflation since 1993, and
to guarantee funding for the Highway Trust Fund.
Direct Transportation Infrastructure Spending Towards Net-Beneficial Investments
*Require Accounting for GHG Emissions Associated with Federally Aided Highways
• Stipulate that quantification of tailpipe GHG emissions is required for federal funding for highways through
the National Highway Performance Program.
*Target Discretionary Spending at the Department of Transportation
• Encourage cost-benefit analysis for discretionary spending that properly monetizes each project’s GHG
impacts. Prioritize funding for projects with the highest estimated net benefits.
Support the Build-out of Electric Vehicle-Charging Infrastructure
• Extend investment tax credit for alternative fuel charging infrastructure beyond 2020. Establish electric
vehicle charging infrastructure at rest stops along designated “alternative fuel corridors.”
Direct More Funding Towards Public Transportation, Complete Streets, and Transit-Oriented Development
• Legislate federal funding towards public infrastructure that provides benefits to passengers not traveling by
car and reduces dependence on private vehicle travel.
Additional Recommendations to State Policymakers:

Reining in Fuel Consumption and Vehicle Miles Traveled
Restructure Annual Vehicle Registration Fees
• Structure annual vehicle registration fees in proportion to annual miles traveled. Differentiate the per-mile
rate by the weight and age to mitigate the harms of traffic collisions and local air pollution.
Support Regional Cap-and-Invest Program
• Participate in regional initiatives that are designed to limit total fuel consumption, like the Transportation
and Climate Initiative, to guarantee GHG emission reductions and generate a steady stream of revenue to
achieve state transportation goals.
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