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Introduction

Traffic congestion is a serious problem in major cities worldwide and there is growing interest in using
tolling to address it. Well-designed tolls can help reduce congestion to socially optimal levels because they
help drivers internalise the cost they impose on others. However, historically, tolls in the United States
were designed to recoup the costs of building and maintaining the tolled road, bridge, or tunnel, rather
than to manage congestion. This started to change in 1995 when the California State Route 91 (SR-91)
Express Lanes opened. While the primary motivation for tolling the lanes was that the state did not have
the money to expand SR-91, they also implemented time-varying tolls designed to keep the lanes free from
congestion. Since that time the practice of tolling a portion of the lanes of a highway, while leaving other
lanes unpriced has grown. This practice is often called value pricing, and the lanes are called Express Lanes
or, when carpools can use them free or at a discount, high-occupancy toll (HOT) lanes. These new
implementations are expressly designed to improve congestion and provide travellers with a congestion-
free option. Currently, ten states have Express Lanes, as shown in Figure 1, and the extent of these lanes
continues to increase, with over 2500 lane miles of Express Lanes currently operational and over
500 additional lane miles scheduled to open in the next few years, as shown in Figure 2.

Figure 1. States with Express Lanes and tolled facilities

B Has Express Lane Has other tolled facility
Furthermore, the technological implementation of Express Lanes continues to improve. While the

SR-91 Express Lanes update their toll schedule every six months, newer Express Lanes update their tolls
every six minutes, or less, to ensure the lanes maintain high travel speeds.

© OECD/ITF 2020 5
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Figure 2. Growth in Express Lanes over time
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The innovation of Express Lanes is important because while a major barrier to introducing tolls is the
widespread belief that it hurts many, if not most, travellers, carefully designed Express Lanes can help
most, if not all, travellers. This paper reports the theoretical and empirical evidence on the distributional
effects of Express Lanes. It also reports the evidence regarding a key determinant of their distributional
impact: how they affect congestion, both in the Express Lanes themselves and in the parallel general-
purpose lanes. Finally, to help put Express Lanes in context, this paper discusses the merits of alternative
approaches to managing congestion such as ramp metering, permits, and vehicle kilometres travelled
charges.

The theoretical argument for why Express Lanes can help most, if not all, travellers has four components.
First, only pricing a portion of the lanes preserves the ability of travellers to continue to choose to not pay
a toll. This greatly reduces the harm done relative to pricing all the lanes. Second, if the toll is designed to
maximise throughput (vehicles per hour), it is possible for tolling to increase the throughput in the Express
Lanes, and thereby improve congestion in the parallel general-purpose lanes. If so, then tolling has helped
all travellers, even before using the toll revenue. Achieving this requires the toll be time-varying. Third, the
toll revenue can be used in ways to help improve the distributional impacts. Most directly, it can be used
to pay for the Express Lanes. If the Express Lanes are adding new capacity, then they will improve travel
times in the general-purpose lanes, and thereby help everyone. The revenue can also be used to improve
public transportation or used to reduce regressive taxes, both of which help improve the distributional
impacts. Fourth, Express Lanes provide a reliable and fast option for those times travellers who need it.
While most people do not use them daily, it is very valuable to be able to use them on those days when it
is essential to be on time.

6 © OECD/ITF 2020
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Empirically, users of Express Lanes come from all income classes and demographic groups, though those
with higher incomes use them more often. Furthermore, surveys typically show that most people in all
income classes support Express Lanes. Both facts imply the distributional impact of Express Lanes, as
typically implemented, is significantly less regressive than typically assumed.

Theory of distributional impacts of tolling

This section provides a theoretical background for understanding the distributional impacts of tolling. The
argument for tolling starts with recognising that adding an additional vehicle to the road slows down all
the other vehicles on the road. When travellers are deciding whether to drive, they do not account for
how driving will slow down others; and as a result, travellers perceive the cost of driving as being lower
than it truly is. Because of this, too many travellers decide to drive rather than either not taking the trip,
travelling at a different time, or travelling via a different mode. A properly designed toll can charge drivers
for the cost they impose on others, and in so doing, lead travellers to make the socially efficient choice
regarding whether to drive.

As adding a toll raises the financial costs of travelling but also improves congestion, whether this helps or
hurts a given traveller depends on how the value of the time savings compares to the cost of the toll. If
the average value of time is USD 14.10 per hour (US Department of Transportation, 2016), then a
USD 5 toll helps the average traveller if it saves her 22 minutes or more, and hurts if it saves less. As
travellers differ in their value of time, the same toll can help some travellers and hurt others. Thus, a toll
is more likely to hurt travellers with low values of time and to help drivers with high values of time.

However, the distributional impacts also depend on how the toll is designed, how tolling affects
throughput, and whether travellers have alternatives to paying the toll. Additionally, the distributional
impacts are better than typically assumed because travellers value having an option that is reliable and
because, in the case of pricing a portion of the lanes, travellers value having the ability to pay to save a few
minutes when it really matters. Finally, the revenue can be used to improve the distributional impacts of
tolling.

Distributional impacts depend on how tolling affects throughput

The distributional impacts of tolling depend crucially on how tolling affects throughput. For the sake of
showing this, this subsection assumes all travellers have the same value of time, though they can differ in
how they value taking a trip by automobile. Also note that, holding fixed vehicle occupancy, throughput is
proportional to the number of people travelling. The demand for automobile trips is a decreasing function
of the total cost of an automobile trip, which itself is the sum of the toll and the time cost. Assuming all
travellers have the same value of time means that tolling changes all travellers costs by the same amount.
Since the demand for automobile trips is a decreasing function of total cost, if tolling reduces the
equilibrium number of travellers, then it must have increased the cost of travelling. Likewise, if tolling
increases the equilibrium number of travellers, then it must have decreased the cost of travelling.

© OECD/ITF 2020 7
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This naturally raises the question of how tolling affects throughput. It is long been assumed that tolling
should reduce throughput (e.g., Knight, 1924); however, scholars began to appreciate the dynamic nature
of traffic congestion and that tolling could reduce congestion by rearranging when people travel,
potentially leaving throughput unchanged (Arnott, de Palma and Lindsey, 1993; e.g., Vickrey, 1969).
Recently, Hall (2018, forthcoming) has argued that it is theoretically possible for tolling to increase
throughput.

Figure 3. Tolls can smooth the departure rate, preventing queuing, and increasing throughput
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The argument that it is possible for tolling to increase throughput builds on research by transportation
engineers showing that not only do additional vehicles slow others down but, in heavy enough traffic,
they cause frictions that reduce throughput by 10-25%.: There are two causal mechanisms by which
additional vehicles can create frictions that reduce throughput. The first causal mechanism is that
gueues behind a bottleneck can grow long enough that they block other traffic. For example, when a
gueue forms at a highway exit, it can spill onto the mainline of the highway and block through traffic,
or a queue on the highway can block other exits. This is the reason ring roads, such as the Boulevard
Périphérique, which encircles Paris, are so prone to terrible congestion, as on such roads it is
possible for all drivers to simultaneously be in each other’s way (Daganzo, 1996; Vickrey, 1969). This
same problem can occur in city centres, where roads can become jammed as drivers are in each
other’s way, reducing throughput (Geroliminis and Daganzo, 2008). “Blocking the box” is the most
direct way this happens in cities.

The second causal mechanism by which an additional vehicle can reduce throughput is from
destructive lane changes. When a highway lane is ending, or at the typical highway on-ramp, vehicles in
the lane that is ending need to merge into the other lanes. When traffic is heavy, doing so is
challenging, and at some point there will be a vehicle that forces its way over rather than waiting for a
gap. This slows down the traffic, reducing throughput. There is a large transportation engineering
literature showing that throughput falls at bottlenecks once a queue forms, though recent
evidence questions whether this is causal (Anderson and Davis, 2020).

8 © OECD/ITF 2020
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If either of these two causal mechanisms exists, then tolling can increase throughput by smoothing the
rate of departures, decreasing it at the start of the peak period and increasing it at the end of the
peak period, so that the average departure rate is higher than it was before.: Figure 3 shows a
numerical example of how this can happen. When there is no toll, the first departure occurs at 7:00
a.m., and the departure rate is 48 vehicles per minute. However, if the highway’s maximum capacity is
only 40 vehicles per minute, a queue will form. Because of this queue, the two frictions described above
reduce throughput to 32 vehicles per minute. Between 7:00 and 8:30, the departure rate is greater than
throughput, and so the queue grows longer, and so travel times likewise grow longer. Starting at 8:30,
the departure rate falls to eight vehicles per minute, and the queue shortens and travel times fall. By
9:20, everyone has departed and the peak period draws to a close. This can be an equilibrium as drivers
choose between departing early (or late) in exchange for shorter travel times, or departing to arrive on-
time but facing long travel times.

An optimal time-varying toll will reduce the departure rate at the start of the peak period while increasing
it at the end. By smoothing the departure rate, the toll prevents a queue from forming and so
prevents the frictions from reducing throughput. Since throughput is higher, the peak period is shorter.

This simple illustrative example shows how considering the dynamics of traffic matters, how smoothing
drivers’ departure rate can increase the average departure rate, and gives an alternative method of
showing how the impact of tolling on throughput affects the distributional impact of tolling. In this
example, adding a toll allowed the first driver to delay her departure by 25 minutes. As the first driver to
depart never faces any congestion nor pays a toll, this means that tolling made her better off. If, on the
other hand, tolling had reduced throughput, then the peak period would become longer, requiring
this driver to leave earlier and making her worse off. Were all travellers identical, the effect would be the
same for all travellers, either helping or hurting them all.

While travellers are not identical, this subsection has shown that how tolling affects travellers depends on
how tolling affects throughput. If tolling increases throughput, then it has more beneficial impacts than
if it reduces throughput.

Distributional impacts depend on whether travellers have an
alternative to paying the toll

The distributional impacts of tolling also depend on whether travellers have an alternative to paying the
toll. Since travellers differ in their value of time, some travellers prefer to pay a toll in exchange for faster
travel times while other travellers prefer not to do so.3 Travellers can reduce or eliminate the need to pay
a toll by changing to an alternative mode (such as public transportation), time of departure, or
destination; indeed, the social welfare gains from tolling come from travellers making socially optimal
choices of all these decisions; however, there is likely to be at least some travellers with a low value of
time who do not have the option of substituting to a different mode, time, or destination. These
travellers will be significantly hurt if they must pay a toll to continue making the same choice as
before the toll was implemented. By providing travellers with a good alternative to paying a toll, it is
possible to improve the distributional impacts of tolling.

In the case of tolling highways, it is possible to provide an alternative to paying the toll by leaving some of
the lanes untolled. When doing so, the tolled lanes are often called “Express Lanes” or “HOT Lanes” and
the untolled lanes are called “General Purpose Lanes”. Doing so preserves travellers’ ability to choose not
to pay a toll in exchange for faster travel times.

© OECD/ITF 2020 9
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That said, if adding tolls to some of the lanes makes congestion worse in the remaining lanes, this will still
hurt many travellers. However, as Hall (2018) explains, if tolls can increase throughput, then it is possible
for tolling some lanes to increase speeds in the adjacent free lanes. If this happens, then the tolls help all
travellers, even before using the toll revenue. The intuition for why is as follows. Imagine a two-lane
highway. Before any toll is introduced, each lane carries roughly half of the vehicles, and both lanes are
congested and have long travel times. Due to the congestion, the frictions described above reduce capacity
in both lanes. If a time-varying toll is added to one lane, and set at a level that smooths the rate at which
travellers get in the lane so that the frictions are eliminated and throughput increased, then the toll lane
is able to carry more than half the traffic. Because the toll lane is carrying more than half the traffic, the
remaining free lane now moves fewer vehicles than it did before. For all the traditional reasons, this results
in faster travel times in the free lane. Because those in the free lanes have faster travel times, and still do
not pay a toll, they must be better off than prior to tolling. Because those in the toll lane have the option
of using the free lane, but are choosing to use the toll lane, they too must be better off. All travellers are
better off, even before the revenue is used.

Hall (2018) shows that this intuition does not universally hold. It is possible that traveller preferences are
such that tolling a portion of the lanes still hurts some travellers. Hall (forthcoming) estimates the
distribution of traveller preferences and shows that, depending on assumptions, tolling 25—50% of the
lanes can help all travellers.

While it is not always possible for tolling to help all travellers, the result that pricing a portion of the lanes
greatly improves the distributional impacts is robust. Hall (forthcoming) finds that pricing all the lanes can
hurt some travellers significantly. The worst-off traveller is harmed by as much as USD 3 420 per year,
while pricing half of the lanes reduces this harm by 75-100%.

Importantly, tolling a portion of the lanes captures a more-than-proportionate share of the available social
welfare gains from tolling. This is because, while the travel time saving from pricing a portion of the lanes
is essentially proportional to the share of lanes priced, since those with a high value of time choose to use
the priced lanes, the value of the travel time savings is more than proportional.

Value of reliability improves distributional impacts

Many analyses of the distributional impacts of road tolls are too pessimistic because they ignore the fact
that tolling can provide a more reliable travel time option. This includes the analyses in Hall (2018,
forthcoming) discussed in the previous subsection. Accounting for reliability is important because the
magnitude of the uncertainty in travel times is large. More than half of the time lost to traffic congestion
is unpredictable, being due to crashes, bad weather, and other shocks (Dowling et al., 2004; Kwon, Mauch
and Varaiya, 2006). This lack of reliability accounts for 30—90% of the total cost of congestion (Bento, Roth
and Waxman, 2020; Small, Winston and Yan, 2005).

Hall and Savage (2019) use a dynamic model with endogenous congestion and endogenous reliability to
show that accounting for the value of reliability yields more positive estimates of the distribution impacts
of tolling. They find it is possible for adding time-varying tolls to help all travellers, despite reducing
throughput.

Bento, Roth, and Waxman (2020) use data from the I-10 Express Lanes in Los Angeles, California, to show
that travellers’ value of reliability accounts for 87% of their willingness-to-pay to use the toll lanes. They
show this by documenting that when the time savings from taking the tolled lanes are less than five
minutes, then the implied values of time are implausibly large and are over USD 60 per hour. To rationalise

10 © OECD/ITF 2020
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these high implied values of time they argue it is important to consider how saving five minutes is
exceptionally valuable when those five minutes are the difference between being on-time or late. They
call this the “value of urgency.” To support this argument, they document how usage of the toll lanes has
local maximums shortly before standard start times and has local minimums at the start times, suggesting
that people use the lanes to arrive on-time.

It is important to note that what Bento, Roth, and Waxman (2020) measure is broader than the traditional
sense of the value of reliability. It is not simply that the ExpressLanes are more reliable than the parallel
general-purpose lanes, but that taking the ExpressLanes allows travellers to save the crucial few minutes
that allows them to be on-time.

If the reason travellers need to save those few minutes is because of unpredictable traffic conditions prior
to the ExpressLanes, then this is just a broader definition of the value of reliability. However, inasmuch as
the reason the travellers need to save those few minutes is because of starting their trip later than they
should have, then the value of reliability is a distinct concept and suggests that pricing a portion of the
lanes may be preferred to pricing all the lanes. If all lanes are tolled, then travellers are unable to pay to
make up lost time; but when part of the lanes are tolled, they can plan their trip intending to take the
untolled lanes, and then if something goes wrong, switch to the priced lanes.

In addition to simply being another benefit from tolling, there are two reasons accounting for the increased
reliability of a tolled route improves the distributional impacts of tolling. First, Hall (2018) shows that those
most hurt by adding tolls are those with inflexible schedules and low values of time. Given that travellers
with inflexible schedules value reliability the most, this means that accounting for the value of reliability
improves the estimated distributional impacts for those travellers most hurt by tolling. Second, travellers’
schedule flexibility is not constant, rather, everyone has days when they need to be on time and when
something goes wrong, and so having the ability to pay a toll to make up the crucial minutes is valuable to
all travellers, not just those who typically have a high value of time.

Toll revenue can be used to improve distributional impacts

The discussion so far has ignored the use of the toll revenue, but the revenue can be used to improve the
distributional impacts. In practice, the revenue is used to pay for the construction and operation of the
Express Lanes, used to improve public transit along the same corridor, used to provide reduced tolls for
low-income drivers, and otherwise targeted to improve the tolled corridor.

The distributional impacts are different depending on whether tolling pays for the construction of new
lanes or an existing lane is converted. When the tolls pay for new construction, tolling still helps some
travellers more than others, but it will not hurt any travellers.

© OECD/ITF 2020 11
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Empirical evidence on tolling’s effect on congestion
and throughput

Since the distributional impacts of tolling are strongly affected by how tolling affects congestion and
throughput, this section reviews the existing evidence on these questions.

Tolling’s effect on congestion in tolled lanes

Appropriately set tolls improve congestion in the tolled lanes. All HOT lanes and Express Lanes have been
able to design tolls that vary across time and that update either every few months or every few minutes
to keep the traffic moving at high speeds (Goel and Burris, 2012; Liu et al., 2011; Zimmerman et al., 2015).

On the other hand, many older tolled roads and bridges have tolls that are constant and set with the goal
of covering the cost of building or reconstructing the facility. These tolls are set at much lower levels and
the roads remain congested.

Tolling’s effect on throughput in tolled lanes

For determining the distributional impacts of tolling, it is important to know how tolling affects throughput
in the tolled lane. Unfortunately, it is not yet known if it is possible for a carefully designed toll to increase
throughput. Most HOT lanes and Express Lanes are conversions of pre-existing HOV lanes, and thus see an
increase in throughput since those lanes had capacity to spare. Furthermore, in practice, the tolls
schedules are often explicitly set to reduce throughput, with the ultimate goal of maintaining high
speeds, rather than with the goal of maximising throughput.:

Tolling’s effect on congestion in parallel general-purpose lanes

In practice, as Table 1 shows, most Express Lanes lead to faster travel times in the parallel general-purpose
lanes, as they either add new lanes or allow single-occupancy vehicles to access underutilised HOV lanes.
This does imply the existing implementations helped all travellers on those corridors, however, it does not
imply that converting a general-purpose lane to a tolled lane would do the same.

Tolling’s long-run effect on congestion

Tolling’s long-run effect on congestion in the parallel general-purpose lanes is likely to be less than its
short-run effect. Over time, travellers will change where they live and work such that congestion levels
return approximately to their original levels (Downs, 1962; Duranton and Turner, 2011). Inasmuch as travel
times return to their original levels, adding tolls to some of the lanes, even if doing so reduces throughput,
does not hurt travellers who continue to use the untolled lanes. Since those in the tolled lanes could have
chosen to use the untolled lanes, they must not be hurt either. This implies that, in the long run, tolling
will not hurt any travellers regardless of how tolling affects throughput. While there is some debate on the
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magnitude of the long-run adjustment, there is agreement that the long-run effects are smaller than the
short-run effects.

Table 1. Tolling’s effect on throughput and speed

Facility Change in Change in Change in Change in Change in
throughput in | speed in throughput in | speed in GP | total
tolled lane(s) |tolled lane(s) | GP lanes lanes throughput

Atlanta — I-85 2.8% -4.8% -4.4%

Los Angeles —1-110 -13.2 0.1% 7.6%

Los Angeles —1-10 5.8% -8.9% 21.5%

Miami —[-95 220% 240% 26%

Minneapolis — I-35W -2.2% 9.1% 20.9%

Seattle — SR-167 1—3% 7—8% 3—4% 10%

California —1-15 48% -4% 6%

Minneapolis — -394 9-33% 0%> 2-15% 5%

California — 1-680 4% 13% 11—38%

Note: Miami both converted an existing HOV lane to be a HOT lane and added an additional HOT lane.

Sources: Zimmerman et al. (2015), Washington State Department of Transportation (2009), Supernack et al.
(2001), Bhatt et al. (2008), Alameda County Transportation Commission (2013).

Empirical evidence on tolling’s distributional
impact

There is a large literature seeking to understand the distributional impacts of Express Lanes, and here |
focus on two points. First, in contrast to the typical theory, low-income drivers regularly use Express Lanes,
though at a lower frequency than high-income drivers. Second, low-income drivers typically, though by no
means always, support Express Lanes. Table 2 summarises a large number of studies showing this. Both
facts imply the distributional impact of Express Lanes, as typically implemented, is significantly better than
typically assumed.

© OECD/ITF 2020 13



HIGH-OCCUPANCY TOLL LANES: THEIR DISTRIBUTIONAL IMPACT AND EFFECT ON CONGESTION | DISCUSSION PAPER | ITF ROUNDTABLE 183

Table 2. Evidence on distributional effects of Express Lanes

Facility

Do low-income drivers use the
lane?

Do low-income drivers support the lane?

|-110 Express Lanes,
California

Yes, 61% of users have an annual
household income less than
USD 35 000.

Probably not, 54% of survey respondents agreed that the
tolls on I-110 are unfair to people on limited incomes.

I-10 Express Lanes,
California

Yes, 58% of users have an annual
household income less than
USD 35 000.

Probably not, 55% of survey respondents agreed that the
tolls on I-10 are unfair to people on limited incomes.

I-15 Value Pricing
Project, California

Yes, 22% of users have an annual
household income less than
USD 50 000

Yes, over 80% of low-income users (those with a
household income less than USD 40 000/year) support
the I-15 HOT lane.

|-25 HOV/Tolled
Express Lanes,
Colorado

Yes, however, fewer than 10% of users

have been found to earn less than
USD 50 000.

Yes, 45% of drivers earning less than USD 35 000 per year
support the lanes, with 33% undecided and 22%
opposed.

|-95 Express Lanes,
Florida

Yes, however, only 4% of users have an

annual household income below

USD 25 000, while 87% earn more than

USD 76 000 per year.

Probably not, before the implementation 40% of low-
income residents actively opposed the project, and 38%
indicated little to no support.

I-85 Express Lanes,
Georgia

Yes, 26% of HOT drivers have low to
very low income.

No, only 8% of those with a household income
USD 50 000 per year say the Express Lanes have
improved their travel.

I-10 Katy Managed
Lanes, Texas

Yes, however only 13% of users earn
less than USD 50 000 per year.

US-290 Northwest
Freeway, Texas

Yes, 7% of users have a household
income below USD 50 000 per year.

Yes, focus groups held during project planning did not
find concerns about social equity among either corridor
users or the public at large and no equity concerns have
been raised during operations.

SR 167 HOT Lanes
Pilot Project in
Seattle, Washington

Yes, 16% of users earn less than
USD 50 000 per year.

Yes, evaluators found through outreach efforts that low-
income drivers are as supportive of the HOT lanes as are
drivers from other income groups.

-394 MnPass in
Minneapolis,
Minnesota

Yes, 55% of low-income survey
respondents reported using the HOT
lanes.

Yes, support for the lanes was found to be high across all
income levels, including by 64% of low-income
respondents.

SR 91 Express Lanes,
California

Yes, 19% of users earn less than
USD 40 000 per year.

Yes, over half of commuters with household incomes less
than USD 25 000 a year approved of providing toll lanes.

Sources: US Department of Transportation (2020, 2017, 2014, 2008), Norman (2002), Toor and Salisbury (2014),
Ungemah, Swisher, and Tighe (2005), Barton (2014), Cleland and Winters (2000), Khoeini and Guensler (2014),
Petrella et al. (2014), Burris and Hannay (2003), and Burris and Appiah (2004).
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Alternative approaches to managing congestion

While adding tolls directly targets the externality travellers impose on others when they choose to drive,
there are alternative approaches to managing congestion. This section briefly summarises the benefits and
costs of these different approaches.

Before going through several alternative approaches, it is helpful to consider the six different choices that
an ideal toll affects: whether to travel, where to travel, when to travel, how to travel, what route to take,
and land use.

Changes to parking supply and price

Since most trips end with the vehicle parked at the destination, changes to the supply or price of parking
can have, in theory, a large effect on congestion. Furthermore, since these charges can vary with time and
location, they can affect nearly all the traveller decisions that an optimal toll would affect. Their only
weakness is that they do not impact route choice and are unlikely to be able to be as time-varying as the
ideal toll. That said, changing parking supply and price can be easier and cheaper to implement.

San Francisco implemented significant parking reforms that helped drivers find parking spots faster and
reduced cruising for parking, but did not find that this improved congestion (Zimmerman et al., 2015).

Ramp metering

Ramp metering is the practice of putting a traffic light on highway on-ramps and letting one or two vehicles
enter the highway every few seconds. Ramp metering can increase highway throughput and speed by
preventing the highway from getting overcrowded, though travel times (including waiting at the ramp)
may not be much better (Levinson and Zhang, 2004; Zhang and Levinson, 2010).

Ramp metering has three weaknesses. First, it still allocates access to the highway using waiting time,
which is a social waste, rather than money, which is just a transfer and so not wasted. Second, two vehicles
entering at the same on-ramp at the same time pay the same waiting cost, even if one is travelling further
than the other, and so imposing a greater cost on other travellers. Third, on-ramps nearer to downtown
have longer waits then ramps further out, even though, holding the destination fixed, those further out
impose a greater cost on other travellers.

Ramp metering and tolling are complements. Ramp metering is better at smoothing entrance to the
highway over a small interval of a few minutes, while tolling is better at smoothing entrance to the highway
over larger intervals.

Vehicle permits
Several cities, including Beijing, restrict the number of vehicles in the city by requiring residents to have a
permit to own a vehicle, and then limiting the number of permits. Some cities allocate this via a lottery

while others use auctions. In either case, reducing the number of vehicles will reduce congestion, though
it is a blunt instrument and the social welfare gains may be limited or even negative.
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VKM based pricing

Another approach to improving congestion is to charge drivers for the total number of vehicle kilometres
travelled in a year, which is similar to raising gas taxes. Both raise the cost of driving and reduce the amount
of driving. This is a great approach to having drivers pay for their share of the roads, and gas taxes are a
great approach to charging drivers for the external cost of pollution, but neither works well for addressing
congestion.

The problem is that the amount a driver slows down others varies wildly across time and space, and so the
optimal VKM charge in the downtown area is different than in the suburbs, which is different from in the
surrounding countryside. Even in a congested city, the average externality can be quite small (Akbar and
Duranton, 2020), and so the optimal VKM charge would be quite small, and not lead to a large
improvement in congestion.

Cordon charges

Several cities, including London and Stockholm, charge a toll to enter their downtown core. These cordon
charges address downtown congestion while Express Lanes address congestion on highways, and so they
serve different purposes. That said, cordon charges have been successful at addressing congestion in the
downtown core by up to a third in both Stockholm and London (Eliasson et al., 2009; Leape, 2006) and
have had benefits outside the core (Green, Haywood and Navarro, 2016).

GPS-based systems

A GPS-based system would be ideal. Such a system is very flexible and can charge a time-varying toll that
differs for every segment of roadway. This would allow for charging drivers perfectly for the marginal
external cost they impose on others.

However, such an ideal system of toll may be too complex for travellers to accept, and so something
simpler would likely be used.

A GPS-based system has a higher fixed cost than a gantry-based system since every vehicle needs to get
the device and pay for the cost of a data plan that allows the device to communicate with the tolling
authority, while a gantry-based system has a lower cost per vehicle but a higher cost per kilometre tolled.
Thus, a GPS-based system is better when the intent is to toll many roads. This potential problem can be
overcome if it is possible to use mobile phones, rather than dedicated devices.

The other negative of a GPS-based system is that it raises privacy concerns, as a government agency will
have access to real-time data on the location of every vehicle. There are technological ways of addressing
these concerns, but it may still be a barrier for public acceptance.

Implementing such a system will become easier as autonomous vehicles are introduced. Such vehicles will
already have the GPS and data transmission capacities needed, and will also be able to help travellers
manage the information to make wise choices. For example, the autonomous vehicle may present route
options that include travel times and tolls, without requiring the traveller to know what the toll is on each
segment; or an app may allow travellers to plan when to take the trip, presenting information on travel
time and toll.
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Conclusion

This paper discussed the theoretical and empirical evidence on the distributional effects of Express Lanes,
with a focus on how these lanes affect congestion. It also briefly discussed the merits of alternative
approaches to managing congestion.

While a major source of opposition to tolling is that it hurts many, if not most, travellers, there are reasons
to believe this is not the case with Express Lanes. First, only pricing a portion of the lanes preserves the
ability of travellers to continue to choose to not pay a toll. This greatly reduces the harm done relative to
pricing all the lanes. Second, if the toll is designed to maximise throughput (vehicles per hour), it is possible
for tolling to increase the throughput in the Express Lanes, and thereby improve congestion in the parallel
general-purpose lanes. If so, then tolling has helped all travellers, even before using the toll revenue. Third,
the toll revenue can be used in ways to help improve the distributional impacts, such as paying for the
Express Lanes or improved public transportation. Fourth, Express Lanes provide a reliable and fast option
for those times travellers need it, which further helps improve the distributional impacts. Finally, people
from all income classes use Express Lanes and report that they like them.
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Notes

1 For example, see Persaud, Yagar, and Brownlee (1998), Mufioz and Daganzo (2002), and Srivastava and Geroliminis (2013).

2 In the specific model being used, departures start high and then decrease. Empirically, the departure rate climbs and then falls, so that the
optimal toll will shift departures from the peak to the shoulders, causing some travellers to leave earlier and others to leave later.

3 For sufficiently compressed distributions of value of time, it is possible that all travellers have the same preference.

4 For example, the tolls on California SR-91 are set to maintain a target throughput of 1 360-1 600 vehicles per hour per lane.
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