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1. INTRODUCTION

The Round Table addressed the broad question of what research and experience tell us about how
to arrive at a successful introduction of congestion charging schemes. Attention was limited mostly to
urbanised areas where road traffic congestion is or may become an issue. “Success” means (a) that a
policy is implemented, (b) that it works, (c) that it is accepted by actual and potential users, and
(d) that it generates benefits for society overall. In order to shed light on these dimensions of success,
lessons are drawn from more and less successful attempts to implement charges (Section 2). In
addition, we ask if and how the evolving understanding of the economics of road traffic congestion
charging might affect the assessment of congestion charging policy (Section 3). The conclusions in
Section 4 summarize the main recommendations for policy-makers who contemplate the introduction
(or the removal) of congestion charges.

Transport economists have long lamented the lack of policy interest for a tool that to them is as
obviously welfare-improving as congestion charges. However, what is obvious in principle is less
obvious in practice. Questions regarding the desirability and feasibility of congestion charges become
apparent when policy constraints and costs are taken into account. How to convince voters and their
representatives that it is a good idea to make travel more expensive when traffic is bad? How to set
charges and deploy revenues so that the distribution of gains and losses constitutes a marketable
political proposition? Section 2 discusses these and related issues by taking a careful look at practice,
in particular in Singapore, Stockholm and London. In studying these cases we try to distinguish
idiosyncrasies of the particular cases from general concerns.

Section 2.1 ends with some remarks on cordon pricing, value pricing and parking pricing. Cordon
pricing and value pricing both are approximations to ideal congestion charges, but reflect different
basic strategies. Cordons focus on maintaining an acceptable average level of service, while value
pricing is about offering variety (low quality at a low or zero price, higher quality at a premium)".
Parking pricing is part of the debate because parking charges could, to some extent, mimic congestion
charges. Probably more important, however, is that removing subsidies to parking on public roads (as
well as possibly through reducing relatively beneficial tax treatment of employer-offered parking) is
likely to have major beneficial effects on the use of space, and on congestion levels where space and
road capacity are scarce, while involving very low cost.

The principal question in Section 2 is how to improve the chances of getting congestion charges
introduced. Focussing on implementation implies a presumption that congestion charging is a sensible
policy instrument to combat excessive congestion. There is indeed widespread agreement among
transport economists that, where there is congestion, charges are required to ensure that potential road
users take the marginal social cost of their trips into account when deciding if, how, where and when
to travel. When individuals decide on the basis of marginal social costs instead of marginal private
costs, welfare increases because the marginal external cost of congestion is no longer ignored, so that
the social benefit of an additional trip will be (more or less) equal to its social cost.

Translating this key principle into practical recommendations for policy is, however, less than

straightforward. Section 3 deals with some complicating factors. Congestion charging systems are not
costless. To ensure a welfare-improving outcome, the efficiency gain from charging needs to be
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greater than the cost of the system. The size of the efficiency gain depends on getting the prices right.
Determining the level and structure of charges requires an understanding of the physical and
behavioural aspects of congestion. The mechanisms involved are far more complex than is suggested
by the argument that travel times increase with traffic volumes, as used in the basic rationale for
charges. Charges are always an approximation to the theoretical ideal, so that decisions must be made
on what approximation is best. Experience demonstrates that analytical approaches using
disaggregated network models are more likely to produce an efficient result than prices based only on
common sense. Such models are better placed to capture complex network activity across modes and
reveal impacts on traffic flow that cannot easily be anticipated. A period of model testing and iteration,
before charges are set, is indicated.

Charges are introduced in a world that is rife with other market imperfections and where other
policy objectives than efficiency matter. Again, the question is if and how this affects
recommendations for setting congestion charges. This is a subject of some controversy, but the
emerging view is that charges should remain closely tied to marginal external congestion costs rather
than adjusted to compensate for one or a range of other imperfections. There was some support for
making the charge deductible from income taxes for commuters. However, this needs to be determined
within the broader taxation framework and existing deductions for commuting expenses. Moreover,
other forms of revenue use may have a better claim than tax deductions.

2. LESSONSFROM PRACTICE

2.1. Somegeneral principles
2.1.1 Acceptance

A successful congestion charging scheme is one that works technically and reduces congestion, is
acceptable, and generates net socio-economic benefits. Acceptability is the overriding concern for
policy-makers, as without it no lasting implementation is possible. It follows that acceptability affects
system design and that the way impacts, in particular benefits, are perceived is critical. It also tends to
lead to congestion pricing systems being modified and expanded to contribute to a variety of other
policy goals, including broader tax reforms and environmental protection. In extreme cases, there
could be perceived benefits but social losses. This could be the case, for example, where “congestion”
charges are introduced to improve the environment but where there is actually relatively little
congestion. The improvement in the urban environment that results may well be real but smaller than
the cost of running a congestion pricing system. In the absence of major congestion mitigation, the net
benefits are likely to be negative. At the other extreme, a perception of unacceptably high system costs
may prevent implementation where charges would in fact produce net benefits. This is the more
common scenario because of the difficulty of presenting the benefits of congestion management to the
public in tangible terms.

Modifying the design of congestion charging systems to promote acceptability, by targeting goals
other than congestion management, usually results in a trade-off between efficiency benefits and
acceptability. This can lead to a sterile divergence of views, with one side arguing that focusing on
acceptability results in foregoing too much of the potential benefits of charging, and the other side
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saying that too much emphasis on the economic measurement of benefits jeopardizes acceptability, to
the point of becoming counterproductive. A more productive intermediate position is that acceptability
comes first, even though it may be costly in the sense that some benefits are given up.

Rather than taking perceptions as immutable, communication and marketing can help shape them,
paving the way for the introduction of congestion charging and for increasing its benefits over time,
and potentially reducing the need to sacrifice efficiency in system design. As the existence of effective
congestion charging systems in Singapore, Stockholm and London shows, the tension between
acceptability and welfare potential is not irredeemable. Certainly, it makes no sense to drop a feasible
and productive solution because in principle a better one is available.

Acceptability evolves over time. Surveys of public opinion reveal a typical pattern whereby
acceptance first rises as the general idea is discussed, then deteriorates as details become known and
implementation approaches, but rises to its highest level once the system is operational. Higher
acceptance of operational systems may relate to sharply increased awareness of now tangible benefits
or to cognitive adaptation. At any rate, the dynamics of public acceptance make politics a critical
factor. As is well known, the Mayor of London, Ken Livingstone, risked his political future by
proposing the introduction of the London Congestion Charge in the run-up to a mayoral election. In
Stockholm, conditions imposed by the junior party in the governing coalition drove reluctant political
partners to introduce congestion charging for a trial period. It appears that no political champion is
needed for continuing a scheme (most likely partly because support tends to rise after
implementation). The citizens of Stockholm voted to reinstate congestion pricing on expiry of the
charging trial. In London, although the Western Extension Zone to the congestion charge will be
discontinued following a change in government, and other extensions are no longer under
consideration, there are no plans to discontinue charging in the Central Zone.

2.1.2 Prime objective

The primary goal of a congestion charging system is to reduce congestion to a more efficient
level. This level is determined by the cost of the scheme, by the behavioural response to it, and by the
relation between external congestion costs and traffic volumes. This is straightforward but has some
important implications. First, congestion can only be reduced where it is (perceived to be) excessive to
begin with. Introducing a congestion charging system in anticipation of excessive congestion in the
future is a very hard proposition to sell, because perceived benefits will be low in the absence of an
acute problem (certainly after discounting). This notion that drastic policy changes are easier at times
of crisis is familiar from environmental and safety policy, as well as from macroeconomic policy.

Second, setting a congestion charge low and gradually increasing it is a risky strategy for gaining
acceptance. If the charge starts too low to have a visible impact on congestion the strategy will
backfire. Similarly, when congestion charging is part of a larger reform of charging for use of the
roads, the congestion element may be critical to the new system being perceived as a success; leaving
the differentiation of a new charge to deal with congestion to a second stage of reform may undermine
rather than ease acceptance.

The third implication relates to policy targeting. The introduction of congestion charges is often
defended for reasons other than congestion, including environmental benefits and meeting a revenue
need. The point is not that such ancillary benefits do not exist or are unimportant, but rather that they
should not be turned into the first priority. Over-emphasizing environmental benefits may have
contributed to the rejection of congestion charging proposals in New York in 2008, although equity
concerns probably were at least as important. The primary goal for the proposed congestion charge in
Gothenburg is raising revenue for investment in a road tunnel, as congestion in the city is relatively
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light. Oslo, Bergen and Trondheim in Norway successfully introduced toll rings to raise revenues for
infrastructure investments but without confusing the objective. There is a risk that if a revenue-
targeted system is implemented as a congestion measure, acceptance will decline rather than improve
after implementation. A related issue concerns shifting from fuel taxes to road pricing (in the sense of
distance charges rather than congestion charges) for the collection of public revenue, as discussed in
the USA, mainly in relation to the revenue shortfall in the Highway Trust Fund. This may be a
reasonable policy but, whatever its merits, it is not mainly a congestion charging policy and if
marketed as such would probably result in problems of acceptance. Indeed, advocates of distance
charges focus on revenue needs more than on congestion management, as the latter is seen to be
particularly problematic in terms of acceptance.

As noted, there is a potential for ancillary benefits to congestion charges and these should be
taken into account when designing, marketing and assessing the scheme. Some environmental impacts
of car use are strongly correlated with congestion. The damage from noise and pollutants like particles
as well as the general discomfort caused by dense traffic, serve as examples. It makes sense to take
these effects into account when setting charges. For a local scheme, it does not make sense, however,
to set congestion charges in relation to greenhouse gas emissions: the effects of emissions of
greenhouse gases are decidedly non-local, and much better instruments than congestion charges exist
for tackling them (notably, fuel taxes). This, of course, does not mean that congestion charges do not
have an effect on CO, emissions: emissions will fall if traffic levels fall and will decline with smoother
traffic flows at more optimal speeds.

2.1.3 Revenues

Pricing reforms in transport, including but not limited to congestion charges, are sometimes
accompanied by commitments to revenue neutrality’. For example, at the time of introduction of
congestion charges in Singapore, revenue neutrality was promised and (more than) achieved by
reducing vehicle taxes; it became of lesser concern as the system became firmly implanted. The Dutch
proposal to replace vehicle ownership-based charges with usage-based charges was designed to be
revenue neutral.

Revenue neutrality is not a universal objective or constraint. Discussions on introducing usage-
based charges in the USA are often inspired by prevailing revenue shortfalls in the Highway Trust
Fund (fed by capped fuel taxes), so revenue neutrality is not a concern®. The London congestion
charging scheme produced additional revenues, although its prime objective was to reduce congestion.
Discussions on potential charges in Moscow look to increased revenues from transport. In all cases,
however, discussions on what to do with revenues are at the core of system design and of public
debate. The odd man out here is Stockholm, where revenue concerns were not crucial, and decisions
on what to do with the new funds came almost as an afterthought”.

Commitments to revenue neutrality are common when changes in the way taxes are collected are
proposed. When the only aim is to replace one tax with another that is less costly in terms of
efficiency or collection costs, or more difficult to avoid or otherwise preferable, opting for neutrality is
relatively straightforward®. When the change involves internalising an external cost, the picture
changes, as now a tax is added. Pricing the externality inevitably involves raising new revenues. The
issue then becomes what to do with those revenues. They can be recycled into reducing other taxes,
and if these are transport taxes then the overall change might be neutral in terms of transport tax
revenue. There are, however, two important respects in which the change cannot be neutral for all
users. First, some road users will be worse off financially from the change (those paying the highest
rates of the congestion charge most often) and some better off®. Also, charging for congestion requires
expenditure on the system for monitoring traffic and collecting and processing payments. Experience
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in Singapore, London and Stockholm suggests the costs of the system represent 15 to 30% of the gross
charge income and that the figure cannot be compressed to below around 10%, given their definition
of costs. The precise ratio is partly a function of the level of charges that bring congestion to the
optimal level (the higher the charge the larger the revenue), but the key message is that congestion
charges are a relatively expensive way of raising revenue.

Any calculation of neutrality should be based on net revenues and not gross income from
congestion charges. This should not be too difficult to communicate. Achieving the large benefits of
congestion relief requires a system that has to be paid for’; and if the objective is to maximize net
revenues rather than manage congestion, taxes on fuels and vehicles are much cheaper to collect. The
communications mission becomes more complicated when congestion charging is part of a wider
reform of transport charges and taxes. The answer may be to put the emphasis on transparent use of
revenues and to be precise about what is meant by revenue neutrality, if it is committed to®. Public
support can be improved by a neutrality pledge that allays suspicions of hidden tax increases. Political
support is increased by revenue neutrality as it alleviates concerns regarding public finance shortfalls.

2.1.4 Whatever the technology, running a congestion charging system is not cheap

Once it is clear what a congestion charging system is supposed to achieve, a technology that
meets the requirements can be found. It deserves emphasis that setting goals and then choosing means
to attain them is the logical order of things. Taking the opposite approach, aiming to make congestion
charging an application for a technology seeking to develop a market, should be avoided. Choosing
technology as a function of system design also avoids false choices between, for example, dedicated
road-side communications (DRSC) and GPS/GSM-based systems’. These systems fit different
contexts, e.g. depending on whether there are many or just a few charging points.

Experience with congestion charging schemes suggests they require costly investments and are
expensive to operate. Operating costs generally outweigh start-up costs (often by a factor of 10,
according to Bernhard Oehry) and should not be ignored in the design stage, as otherwise there is a
risk of investing too little in capital. Acceptability increases costs for various reasons. First, as
emphasized in the discussion of the Stockholm experience, policy-makers will not incur the risk of
going ahead with a system unless they can be convinced that it will work as announced from day one.
Minimizing the risk of malfunctioning leads to duplication of components or even systems, which
inflates costs. A functioning system also is one that is enforceable. Legal constraints — for example, on
what constitutes proof of non-payment when payment was due — tend to make enforcement expensive.
Adaption of congestion charging systems can save costs over time, and much can be learned from the
early adopters. Political risk is reduced when local policy-makers can argue that congestion charges
are standard and good practice elsewhere. This helps avoid excessive risk aversion and
over-specification in system design. Stockholm began with a system that installed DRSC transponders
on all vehicles. But as the legal requirements for proof of identity for enforcement pushed
development of the camera-based, automatic number-plate recognition system to levels of
performance far beyond capabilities in the early stages of design, transponders became redundant, thus
eliminating one cost element.

Acceptability requires that the congestion charging system accommodates occasional users'™.
These users are not familiar with the system and cannot be expected to subscribe to cost-cutting
services in the same way as frequent users. Making occasional users pay less than frequent users poses
an incentive problem, in that everyone will try to look like an occasional user, and raises fairness
concerns. Making occasional users pay more may pose political or legal issues', although it is a
frequent feature of public transport and many other service products. Accommaodating occasional users
is a key driver for costs and for the overall design of the system, in the sense of limiting system
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complexity and versatility. Occasional users may generate little revenue, particularly in relation to the
large costs they impose on the system.

Costs are also affected by interoperability requirements. The costs are not so much driven by
technological as by procedural requirements, i.e. who is responsible for what part of handling
transactions'. Since incentives for interoperability are weak from the point of view of an individual
system, progress has been slow in the EU, inducing European authorities to mandate it.

2.1.5 Differing approaches: value-pricing and area-pricing

The Singaporean and European examples of congestion charging use cordons to charge for entry
or travel in a congested zone. This is different from the value pricing systems used in the US, where
travellers on a particular (segment of a) facility are given a choice between using faster toll lanes and
slower free lanes™. The introduction of value pricing was a response to shortages of funds to provide
new capacity, but interest for applying it to fund maintenance or to make better use of existing
infrastructure is rising (“value pricing 2.0”, Poole, 2009).

One potential explanation for the different approaches lies in the typical spatial structure of
urbanised (congestion-prone) areas on either side of the Atlantic. European cities correspond more
closely to the monocentric, radial archetype, while US cities are more polycentric and grid-like'. The
European pattern lends itself more to the introduction of cordons, as there are “natural” boundaries,
which are less self-evident in the typical US context. While there is some truth to this argument, it is
not complete. It is, for example, hard to see why value-pricing could not be introduced if desired on
the Al Highway from Charles de Gaulle Airport to central Paris, when it is possible to create a
dedicated taxi lane. Similarly, the bus lane from Heathrow Airport to London could be turned into a
HOT lane. Spatial structure does not prevent facility pricing from being introduced in Europe.
Similarly, even in grid-like cities such as Los Angeles or Atlanta, centres do emerge, making the
design of cordons possible in principle. The London Congestion Charge covers less than 3% of the
area of Greater London and many cities have congested hubs.

If differences in spatial structure provide a very partial answer at best, what explains the differing
approaches to congestion charges®>? A widely-held view is that the philosophy underlying charges
differs fundamentally between the US and the EU. Value-pricing reflects the view that the charge is in
return for higher-quality service, whereas the cordon approach is more in line with an internalisation
perspective. Of course, these points of view are not irreconcilable as such: value-pricing is an
approximation to internalisation and cordons provide higher-quality travel. Nevertheless, there is a real
difference: with a cordon there is no avoiding payment for car users, whereas at a value-pricing
facility drivers can decide at the last second which lane to use. Public transport could be seen as a
lower-quality alternative to car use within a cordon, and using interregional roads instead of tolled
highways could be seen as offering a similar choice, but in these cases choices to use either alternative
need to be made at an early stage in the trip, and involve more than just using one or the other lane on
a particular facility.

One more real difference between cordons and value pricing is that value pricing up to now has
been associated with providing new capacity or with providing access to spare capacity (on HOV
lanes) at a premium, whereas cordons are about charging for the use of existing, congested roads. In
sum, value pricing emphasizes the supply of premium service while retaining the option for an easy
switch to a lower-quality alternative; cordon pricing emphasizes maintaining reasonable service levels
overall. Economic assessment (e.g. Small and Yan, 2001) shows that both options produce better
outcomes than when there is no pricing. Value pricing can perform better than cordon pricing by
offering greater discrimination in the choices users can make. This can be used to maximize benefits
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as users differ in how much they are willing to pay to gain time. Evidently, in terms of making
efficient use of the road network, value pricing (partial facility pricing) is outperformed by well-
designed full facility pricing schemes.

2.1.6 Pricing parking

When not in use, cars are parked. Parking requires space that could be used for other purposes so
there is a resource cost associated with it. Many drivers do not pay the resource cost of parking even
when there is a charge for on-street parking. They may park for free at work or they may pay a fee that
is below resource costs. Most stores with parking lots do not charge directly for parking. These
parking policies lead to inefficiencies in the transport market, creating excessive demand for
underpriced parking spots and resulting in more traffic than if parking was charged for directly. These
inefficiencies can be very large: some evidence (Calthrop et al., 2000) suggests that the gap between
private and social costs per kilometre is larger for the parking inefficiency than for the congestion
inefficiency.

In debates on congestion charging this raises the following questions: what would be the effect on
congestion if parking were priced differently, and could parking charges be used instead of, or in
conjunction with congestion charges to tackle the congestion externality?

Direct charges for parking would have a number of effects. Congestion would fall, optimal
congestion tolls would be lower™® and the net benefits from congestion tolls would also be lower, as
congestion is lower to begin with. This is of importance, given the high costs of running a congestion
charging system compared to the lower cost of modifying parking charges.

That parking charges are relatively cheap suggests they might be used instead of congestion
charges to manage congestion in particular locations. Parking charges then would rise above parking
costs and congestion would fall because the demand for travel from those wishing to park in the centre
would fall. How effective such an approach is depends on how much through-traffic there would be,
i.e. how many drivers would use roads in congested zones but not park there, and on how much
“cruising-for-cheaper-spots” would be induced"’. With limited through-traffic and little extra cruising,
parking charges can mimic congestion charges well and attain similar efficiency gains. However,
excessive parking charges would also generate efficiency loses and equity concerns —very high
charges for those that park and no charges for those that don’t — reduce the appeal of this approach.

The key message from the debate on parking pricing is not so much that parking charges could
mimic congestion charges (that is possible, but very much context-dependent) but that restructuring
the way parking is paid for would lead to better use of space and to less congestion where capacity is
scarce.

2.2. Insightsfrom Singapore and Stockholm

The cases of Stockholm and Singapore were debated extensively at the Round Table, on the basis
of background papers on those charging systems'™. This section presents highlights from the
discussion. It does not contain complete descriptions of the Singapore and Stockholm schemes and
does not summarize the background papers.
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2.2.1 Singapore

The Singapore congestion charging scheme (see Chin, 2010, for a detailed description) is a
demand-management system, not a revenue-generating device. It is one component of a broad
transport policy that also relies on a vehicle licence quota, on infrastructure planning and on public
transport provision to offer high-quality transport options to a growing number of users at a reasonable
cost. The vehicle quota system is intended to keep the growth of the vehicle stock roughly in line with
the planned expansion of available road space (with allowed growth of the stock recently reduced
from 3% to 1.5% per annum). Surveys indicate that car users are mainly interested in high-quality road
transport (more road investment, effective congestion management) than in cheaper public transport
alternatives.

The approach to system design is pragmatic. The system has become gradually more refined over
time, moving from manual to electronic fee collection and enforcement, and covering more of the city
as roads become busier, with initially 33 and now 66 gantries for automated control. Charges differ
between gantries and vary with the time of day. In 2009, active management of the morning peak
through changes in charge levels was extended to cover the evening peak hours too. Rates are revised
every three months in order to keep speeds between 45 and 65 km/h on the freeway links in the
charged area®. Rate changes respond to perceptible changes in congestion levels. Extensions to the
system and significant changes in rates are accompanied by major communication efforts. Changes in
revenue and concerns over revenue neutrality are of secondary concern, although the scheme is
intended to be revenue-neutral in principle. Revenues from congestion charges are dwarfed by those
from vehicle licences, so that changes in congestion charge revenues are not a major policy concern.
Revenue neutrality was ensured at the time of the introduction of congestion charges through reduced
vehicle taxes (government actually lost revenue as congestion charge revenues were overestimated).
Revenues are not earmarked and are in fact lower than road and public transport spending.

The incremental development of the congestion charging system has had the benefit of making
the more sophisticated later evolution easier for users to adapt to. Starting with a simple system and
making it gradually more complex might be expected to help improve acceptance but, at the same
time, too simple a system may lead to too large a share of benefits foregone (cf. the discussion on
Stockholm). The gradual expansion of the Singapore system reflects pragmatic responses to evolving
circumstances more than an explicit strategy.

The Singapore case is atypical in a number of respects, some by virtue of the geographical
situation of the city and some by design. First, the number of foreign vehicles (occasional users) is
small and easily identifiable with foreign licence plates, allowing design choices geared towards more
frequent local users that may be hard to duplicate elsewhere. Second, the ability to change prices every
three months cannot be replicated everywhere - the example of Stockholm was given, where a rate
change might easily take two years because of legal requirements. By contrast, tolls in some value-
pricing systems in the US (e.g. the 1-15 in San Diego) are adapted every six minutes. This is accepted
both in Singapore and California, as the goal is to maintain free-flow speeds. Such a rule-based pricing
system may be easier to accept than one where prices are determined by discrete decisions. More
frequent changes allow better congestion management and they may also serve acceptability, as large
rate changes can be avoided. Finally, the charging system in Singapore is just one component of a
broader system that manages supply (road infrastructure) and demand (vehicle licences and charges)
with a view to what performance levels need to be reached. Ownership policies are more restrictive
than in many other countries®. In other words, if ownership policies were less restrictive, the
congestion charges would have to be higher to attain similar service levels (travel speeds).
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The Singapore approach can be read as one where congestion charges are used to fine-tune
overall transport prices so as to obtain acceptable service levels throughout the system. Other proposed
or existing congestion charging schemes are not limited to fine-tuning to the same extent. Given the
weaker degree of integration of the various components of transport policy elsewhere, the mismatch
between demand during peak hours and capacity may be larger than in Singapore in many cases.

2.2.2 Stockholm

The Stockholm congestion charging system (see Eliasson, 2010 and Hamilton, 2010 for an
in-depth discussion) is effective in reducing traffic volumes and increasing travel speeds®. Traffic
volumes have declined in all time periods, suggesting there is more trip elimination than rescheduling.
Commuters tend to reschedule, but trip purposes are strongly diverse, with about 40% non-commuting
trips and many occasional users. Cost-benefit analysis suggests that the system produces net benefits;
75% of gross benefits come from time savings, the remaining quarter mainly from better air quality.
The Stockholm evidence also suggests only limited direct gains came from the expansion in public
transport expenditure that was part of the overall transport policy reform.

Public acceptance at this time is sufficiently broad to expect indefinite continuation of the
system’s operation®”. Acceptance is related to congestion reduction, but also to the improvement of the
urban quality of life (e.g. less traffic, less pollution) and with the perception that support for the
scheme reflects —and signals — green preferences. In this sense, the Stockholm case illustrates that
perceived benefits are not necessarily entirely the same as benefits included in traditional appraisal.

With respect to the relation between acceptance, political risk and system costs*, the Stockholm
case is a clear example of the cost-inflating effect of strong risk aversion (cf. Section 2.1). In addition,
it illustrates how political risk is transformed into risk for the administration responsible for designing
and implementing the scheme, and how this administration shifts risk to the companies selected for
executing the plans. The administration passes on risk by adding features to the charging system and
assigning legal liabilities to contractors, who respond by “over-specifying” system components and
building redundancy into the system, all of which inflates costs. It deserves emphasis that concerns
about acceptance create these risks. It follows that if acceptance of a project can be won early, risk is
lower throughout the design and implementation stages, and this allows costs to be cut. If acceptance
is won late, as in the Stockholm case, then higher costs are incurred in early stages as a form of
insurance. Once it becomes clear that risks do not materialise, insurance expenses can decline, and
project costs can gradually be trimmed down?. However, higher costs were incurred in the past and
irreversible design choices partly drive future costs, so that gradual cost cutting does not allow the
recovery of all expenses associated with high initial risk.
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3.NEW INSIGHTSFROM TRANSPORT ECONOMICS?

3.1. Refining the basic argument for charges

The basic economic argument for congestion charges is well established. In a nutshell, it says that
since travel times increase with traffic volumes, an additional car on the road slows down all other
cars, increasing time costs for all the occupants of all the cars. The decision to travel made by the
occupants of an additional car is based on their own travel costs (their private or internal costs). They
ignore any increase in travel costs for all other car users (the external costs)®. This is inefficient when
private costs are below the full social cost of the decision to travel. When decisions are made on the
basis of “underestimates” of costs, too much of a good (in this case, travel) will be consumed.
A congestion charge is intended to confront users with costs imposed on other users, so as to align
private costs with social costs. The charge will suppress part of demand, reduce congestion and
increase surplus.

This simple rationale for congestion charges is based on a range of explicit or implicit
simplifying assumptions. Research on what happens if these simplifications are dropped is progressing
rapidly. The question here is what recent research insights tell us about congestion charging policy. In
answering that question, Fosgerau and Van Dender (2010) focus on design issues more than on
acceptability concerns. The key message is that allowing for more complexity in the analysis
strengthens the economic case for congestion charging.

A first remark on the basic argument is that it relies on a flow model of congestion, where speed
declines because distances between cars decline with increasing traffic density. An alternative and at
least as relevant model of congestion focuses on bottlenecks, where queues appear when demand
exceeds the capacity of some part of the road network. Bottleneck congestion models highlight the
possibility of trip rescheduling. In basic bottleneck models, tolls are used to affect users’ decisions on
departure times, so that queues disappear. Drivers’ costs of waiting in line are replaced by toll costs,
which generate revenues that are not lost to society, in contrast to the costs of waiting. This model
illustrates that the rescheduling of trips can generate very large social benefits, a dimension of social
gains from pricing that is obscured by the standard model of flow congestion. A full appraisal of
congestion charges should take explicit account of rescheduling effects.

A second research strand concerns heterogeneity among travellers in terms of their values of
time. Here, empirical evidence has produced a stylised fact: there are typically many travellers with
low values of time and fewer travellers with high values of time. The range of values is huge and the
upper end of the distribution has a long tail. The presence of strong heterogeneity has some immediate
implications. First, introducing a toll increases the value of time of the average road user by
suppressing trips associated with low time values. It follows that the time losses imposed by one driver
on other users increase, so the equilibrium toll is higher than would be derived on the basis of the
pre-toll average value of time. Because the distribution of values of time among users is not
symmetrical, the effect on the average value can be quite large. Second, congestion charging schemes
that maximize the number of alternative responses, as is the case with value pricing schemes in the
US, can be seen as forms of product differentiation that are strongly welfare-improving when people

IMPLEMENTING CONGESTION CHARGING - © OECD/ITF 2010



SUMMARY OF DISCUSSIONS - 21

differ. The point here is not that value pricing would not produce gains in the absence of heterogeneity
(it does) but rather that gains are stronger when there is heterogeneity.

A third body of research focuses on defining and measuring the value of reliability. Whereas the
basic argument for congestion charges focuses entirely on how travel time increases as congestion
rises, in practice, travellers care about expected travel time and about travel time risk. The expected
cost of a trip, on which travel decisions are based, is higher when the trip is expected to take longer,
and it is higher when the probability of deviations from the expected travel time is larger (i.e.
reliability declines). Travel time risk is positively correlated with expected travel time, but it is not the
same. Focussing on travel time and ignoring reliability implies underestimating time costs so, again,
tolls are higher when reliability is taken into account even if the relationship is not simply linear (see
ITF/OECD, 2010).

Fourth, the understanding of what congestion means in an economic sense is evolving. For
example, the standard model of charging systems presupposes that more traffic flow leads to higher
travel time. However, in practice, hypercongestion can and does occur (the stage at which traffic slows
to such a degree that flow — and not just speed — decreases as the rate of vehicle arrivals at a bottleneck
increases). Standard traffic models ignore the possibility of hypercongestion, rendering their relevance
to the preparation of congestion policy problematic and implying in particular that these standard
models underestimate how high tolls should be set to alleviate congestion by any given amount®.
Again, this points in the direction of higher congestion charges for optimal outcomes.

It should be underlined that the shortcomings of standard traffic models do not mean they are
useless. Improved understanding of congestion allows better use of conceptually simple models, e.g.
by establishing the direction of error. More sophisticated models can replace the simpler ones when
they become available but there is no need to postpone the use of models in policy design until then. It
was pointed out repeatedly at the Round Table that model-based judgment on where to locate tolling
points and what tolls to charge performs better than common-sense judgment.

3.2. Congestion chargesin a broader economic context

The basic justification for congestion charges is that confronting travellers with costs they impose
on others that they would otherwise ignore improves welfare. The charges remove an inefficiency. If
congestion were the only inefficiency in the economy, the argument would be complete. However, as
the economic theory of “second-best” suggests, congestion charges potentially trigger complicated
interactions with other inefficiencies and these interactions might affect policy recommendations.

An extreme example of such interactions concerns labour markets: if all travellers are commuters
who have no choice other than to use their car if they want to get to work, and flexitime is not an
option, should a congestion charge be introduced if taxes on labour are already high? The answer is
no, unless the labour tax were too low to cover marginal external congestion costs. A slightly more
realistic model would allow different travel modes and different trip purposes. The core message
remains the same: avoid increases of higher effective taxes on labour if that is possible, e.g. by making
charges paid for commuting trips deductible from income taxes, as is effectively done in Stockholm?’.
Care should be taken, however, to treat different commuting modes on an equal footing, e.g. season
tickets for commuting by public transport are also eligible for tax rebates. Tax systems where
commuting tends to receive favourable tax treatment in general may be more suitable to allow tax
deductions of congestion charges than systems where no such treatment exists.
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Discussions about deductibility are part of a larger debate on how revenues from congestion
charges should be used. As pointed out before, charges generate substantial amounts of revenues, and
misusing them could easily dwarf the gains from reduced travel times and ancillary benefits.
If revenues were simply burned, no welfare improvement would be possible from congestion charges
— time losses would simply be converted to monetary losses. Revenue use should be at the core of the
design process as it affects to what extent society is better off overall with charges. How revenues are
used has an impact on how benefits from charges are distributed, which in turn has direct links with
acceptability?.

There is often tension between what economics suggests concerning revenue use and what is seen
as practically feasible and desirable. For example, from a practical point of view it is often proposed to
return revenues to car users by reducing other taxes. But car users gain from faster travel as a result of
congestion pricing, so they would be overcompensated if all revenue also accrued to them.

4. CONCLUDING REMARKS

Next to the subsidization of parking, the failure to charge for the external costs of congestion is
one of the main inefficiencies in metropolitan transport systems. Recent economic evidence
strengthens the case for using charges to bring congestion closer to efficient levels. The key to
successful implementation of congestion charges is to get the policy accepted. Acceptance is dynamic.
It can be managed to an extent and depends on a number of factors, including reduced congestion.
Ensuring acceptance may require giving up some of the benefits of a closer-to-ideal system; but
less-than-ideal systems (simple cordons, value pricing schemes) can still be satisfactory. Rule-based
systems for changing prices (e.g. maintaining predetermined levels of speed) appear to be more
popular than those requiring political discretion. There can be some trade-off between perceived and
assessed benefits of charges. The extent to which such trade-offs are made should not, however, be
allowed to undermine the core objective of charges — which is to cut congestion. Ancillary benefits,
including reduced environmental impacts, can in some cases have an impact on how much to charge,
and should always be included in assessments, but they are not the principal goal of congestion
charging mechanisms.

Congestion charges potentially raise substantial amounts of revenue, but the systems are costly to
run as well. This renders statements about revenue neutrality with new congestion charges risky, as
equalizing gross revenues implies lower net revenues when the unavoidable costs of congestion
charging systems are taken into account. In general, emphasizing revenue neutrality may reduce policy
flexibility. It may, however, be a requirement for getting public and political support. Transparency
and accountability in revenue use is at least as important for acceptance. This, rather than revenue
neutrality, was one of the keys to success in London.
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10.

NOTES

Though all forms of congestion charge offer a variety of response options (shifting time of travel,
shifting mode, etc.), value pricing differs by allowing last-minute decisions in response to recent
information on travel conditions.

We refer here to practical proposals, not to analytical work. Assuming neutrality is a useful
analytical device, but this as such does not indicate whether it is justifiable or not.

The US discussions on usage-based pricing are closely tied to infrastructure expenditures. This is
less so in Europe. In London and Stockholm, the introduction of charges did not change plans for
road expansion, despite the expected effect that the need for infrastructure becomes less pressing.

There are earmarks on how revenues from the Stockholm scheme are spent, which might suggest
revenue concerns are crucial. However, the earmarks are mainly an accounting issue, with little
impact on prevailing revenue streams.

Even here, neutrality is not entirely straightforward, as it can be argued that more revenues should
be raised in order to expand the supply of public services when raising revenues becomes
cheaper.

Whether consumer surplus rises or falls is a broader question, discussed in Section 3.

A counter-argument here is that the revenue flows triggered by charges are very large compared
to the net benefits from congestion relief. This argument has some merit but tends to be
overstated, as discussed in Section 3.

Revenue neutrality is difficult to define in a dynamic sense (as it is uncertain how revenues would
evolve were there no reform). It was noted that opposition to congestion charges may arise for
fear of high future charges, even if current charges do not lead to higher average tax burdens.

The view that technology is neutral is supported by evidence that (a) operating costs dominate
fixed costs over the life-cycle of the investment, and (b) the costs of an additional user in a system
are largely independent of technology, being roughly equivalent to the cost of an internet or
mobile phone subscription (i.e. 10 to 20€ per month in 2010).

The argument applies to passengers, not to trucks where competition concerns make equal
payment for all users imperative.
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This is mainly an issue that concerns truck-km charges, where discrimination on the basis of
country of registration of the vehicles is not tolerated by agreements such as the European
Union’s treaties.

While overall technology costs do not dominate, there may be losers from standardization.

We use the term “value pricing” to indicate “partial facility pricing”, because of the close
connotation with product differentiation. The US Government’s use of the term is different, as
value pricing refers to both partial facility pricing and cordon pricing — value pricing is, in fact,
the same as congestion pricing.

There are, of course, differences within both continents, with newer cities in the US being closer
to the grid patterns, and spatial structures in Europe evolving away from the monocentric pattern
to some extent. Nevertheless, as far as averages make sense, differences between both continents
remain.

It could be argued that offering travellers a choice between tolled motorways and free but slower
roads for interurban travel (as is done, e.g., in France) is a form of value pricing. The principle is
not extended to urban areas because building alternatives is too costly. By consequence,
congestion will need to be managed by area or by cordon pricing. In this sense, one difference
between Europe and the US may be that extra capacity in Europe is more (and too) expensive.

Congestion would decline because there is less traffic and because fewer drivers would be
cruising for parking (a type of driving behaviour that is particularly disruptive to traffic flows).

This in itself of course depends on how many cheaper spots would be available, an issue
susceptible to public management.

http://www.internationaltransportforum.org/jtrc/roundtables.htmlI#RTCongestion Charging

It is likely that these speeds are below benefit-maximizing speeds (i.e. that tolls are below
marginal external costs or below second-best cordon levels).

The aggregate level of government revenue raised from road users/car owners in Singapore also
is unusually high, at around 20% of total revenue.

There is evidence for Stockholm that volume effects are highly persistent over time while travel
time effects tend to wear off to some extent. This has happened because of an increase in road
maintenance works and because some road space has been allocated to other use (neither
development related to the pricing system), so it is not in itself evidence of declining welfare
gains.

Support can decline over time, as evidenced by a Norwegian survey on toll roads. This is because
public memory of why the system exists erodes, so that charges —and, more strongly, charge
increases — may meet with increased resistance.

Assessing whether a system is expensive or not should not be done using revenue/cost ratios, as
revenues are endogenous through toll levels.
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28.

The Stockholm system initially used ANPR as well as transponders. Once it became clear that
ANPR was sufficiently reliable —which it became partly because of technology development
related to the Stockholm project — transponders were no longer used. This avoided the costs of
managing transponders, which were higher than expected.

It is sometimes argued that congestion is not an externality because transport users ultimately
bear the cost of travel. While the latter is true, one can wonder whether the distinction between
transport users and the rest of the economy is artificial. Of more direct importance is that who
bears the cost is irrelevant: when individual users make travel decisions and they ignore costs
imposed on others, there is an external congestion cost.

Ignoring reverse causality in estimation implies such underestimation.
Deductibility did not exist during the trial but was introduced afterward.
It is sometimes argued that relations between, e.g., labour taxes and transport taxes should not

concern policy design too much, given the different political responsibilities. However, analysis
points out that accepting such constraints may be costly.
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1. FROM ROAD-USER CHARGING TO CONGESTION CHARGING

Road-user charging is used as an “umbrella’ term to describe a wide range of applications for
pricing roads and infrastructure. Road-user charging includes a number of charging measures that
governments and other road owners use to:

— finance new or maintain existing road infrastructure;

—  manage traffic (e.g. reduce congestion);

— minimise environmental impacts of transport;

— internalise the external costs of road transport caused, e.g., by pollution and noise emissions.

Historically, the common approach to charging for road use is some form of general taxation
rather than differentiated road-user charging. Road-user charging has long been proposed as an
efficient and equitable method to pay for road use and to fund road infrastructure projects. However,
there is an important distinction between charging for revenue generation purposes, as opposed to
pricing roads to provide congestion relief. The two basic objectives, revenue generation and
congestion management, differ in several ways, as shown in the following table.

Table 1. Road-user charging objectives: revenuerising vs. congestion management

Revenue generation Traffic management

= generate funds = reduce peak-period vehicletraffic

= rates set to maximise revenues or recover | = used asatravel demand management strategy
specific costs = revenue not dedicated to road infrastructure

= revenue often dedicated to road projects
infrastructure projects (construction and = requires variable charging rates (i.e. higher
maintenance) during congested periods)

= traffic diversionto aternativeroutesand | = travel shiftsto other modes and times considered
modes not desired as it reduces revenue desirable.
collections.

Source: TDM Encyclopaedia — http://www.vtpi.org/tdm/tdm35.htm

Road-user charging can improve transport efficiency by rationing road capacity, including
influencing the demand for road capacity as it applies to various road classes, vehicle classes or peak
traffic conditions. It can be a useful travel demand management tool. Effective pricing schemes can
change travel patterns by exposing road users to the marginal social cost of their travel choices.
Pricing affects all stages of travel decision making, from choosing to make atrip to destination choice,
mode choice, time of travel choice and route choice.
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Electronic pricing and related Intelligent Transport Systems (ITS) technologies have matured
considerably in recent years. Improvements in coverage, ease of implementation, cost and public
acceptance are occurring at arapid pace.

The importance of road-user charging as an effective instrument against congestion is increasing.
The well known London Congestion Charge, the Stockholm City Ring and the Cordon Pricing in Oslo
are European examples of successful realisation of such a charging policy.

2. AN INDISPENSABLE CONGESTION MANAGEMENT TOOL

Traffic is increasing, and there is no limit in sight. In many areas of the world, congestion will
figure among the most pressing problems of this century.

Supply-side solutions alone do not suffice. Demand management, including the use of price
incentives, is aso needed. The need to combat traffic congestion and the desire to find new revenue
sources for transport investment have stimulated the interest in schemes where charges for road use
are introduced, such as parking fees and charges to allow vehicles to use certain roads. The theoretical
advantages of charging for road use have long been discussed in the economic literature. Practical
experience with such schemes is more recent. A key element of demand management in urban
transport is the allocation of road space. As this space is afinite resource, an absence of regulation can
lead to overuse, which appears in the form of congestion. Reserving road space for public transport
vehicles or private vehicles with high occupancy are two ways of alocating road space. Another way
is to restrict access to certain areas of the city. This latter kind of control measure does not make a
distinction between trips of different value. Conversely, if travellers are faced with aroad user charge,
they will be encouraged to make their own judgement on the value of their trip. Charging for road use,
often referred to as road pricing, has long been advocated by economists on the grounds that it is
socialy advantageous. Congestion occurs as every additional trip made forces those vehicles aready
on the road to slow down. The introduction of a corrective charge will make each driver aware of the
cost he imposes on other drivers. This may help reduce traffic volumes and have positive effects in
terms of reduction of congestion and overall travel time on the network. In redlity, the efficiency
effects of road charging policies are the consequences of both the actual behavioural responses of the
travellers as well as the way the revenues from charges are spent. In addition to travel time savings,
benefits include increased travel time predictability, reduced pollution and noise, reduced accidents
and improved travel conditions for public transport (from Ref. [1]).

Economic theory and mathematics of road pricing also dictate that the charge should be equal to
the monetary value of the additional travel time imposed by each driver on other drivers. Thisis the
“margina cost pricing” principle. The principle extends into “marginal social cost pricing” if, in
addition to time, other costs, for example pollution, are considered when setting the charge.
Economists have gone on to extend the welfare maximization framework to cases where the price of
public transport is set together with road charges. The other motivation for introducing road chargesis
to provide financial resources for infrastructure investment programmes. Revenues from road charges
can be spent as well to improve transport at large. Both demand management and fund raising make
charging for road use of interest to policymakers.
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Research efforts, as well as the introduction of toll rings and congestion charging schemes in a
few European cities, in the last two decades provide considerabl e experience to draw from and support
the translation of theoretical principles into practical policies. This paper looks at factors that make a
pricing measure a success. The approach taken is not a theoretical one, but looks at practical
implementation aspects.

Access to inner cities is becoming a scarce resource and has to be managed. According to market
theory, pricing is the most effective means to alocate scarce resources. Congestion pricing will
become an indispensable tool for managing the challenges of urban mability.

3. WHAT MAKESA CHARGING MEASURE A SUCCESS ?

Simply put, a charging measure is asuccess if it worksin al relevant aspects:
3.1. Technical implementation

Obviously, an important precondition of success is a technical implementation that works
smoothly, i.e. isimplemented in time and at budgeted costs, and operates without hiccups. The choice
of technology is one important aspect of the technical system. Charging technologies as such are
mature but other system aspects remain demanding. One such aspect is the specia technical challenge
imposed by the urban surroundings, where many design constraints apply. Another aspect of core
importance is the handling of occasional users, who may enter the charging system without being
properly informed, unequipped and unwilling to spend undue time and money to become compliant.
Enforcing compliance of all users is a further critical aspect where no ready-made solution is
available. Finaly, the technical system has to be implemented at acceptable overall system costs and
must encompass a security concept that defends the system against all conceivable threats.

3.2. Scheme layout

Successful technical operation is only a precondition for a charging measure to achieve its true
goals, which are namely, to manage traffic and to generate revenue in the desired way. Thisrequires a
proper scheme layout, where above al the scheme principle is decisive: namely, whether the charge
is smply a flat fee, a distance-based area charge, cordon pricing, or a combination of such basic
principles. Besides the principle, the right choice of charging perimeter is aso decisive, i.e. which
geographical areas are subject to the measure and therefore which types of trip become subjected.
Whether the size of the effect is as expected will depend on the right choice of tariff level. Often
disregarded at first, but actually one of the core decisions to make in system layout, isthe legal nature
of the charge, i.e. whether the charge is legally constructed as a public levy, say atax, or as a private
levy, like afeefor use.
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3.3. Acceptance

In fact, the single most important aspect for the successful introduction of a charging measure is
its acceptance. Without acceptance the system will simply never become a reality. Acceptance needs
to be actively planned and public perception has to be managed. A precondition to achieve
acceptance is that the public perceives a pressing traffic problem. No mgjorities can be found in
favour of a pricing measure thought to relieve congestion without sufficient daily annoyance. No less
important is the use of revenue. If the pricing measure appears to be “just another tax”, political
failure is guaranteed. Finally, acceptance by the general public requires a transparent and
under standable system and careful treatment of the user’s privacy. Acceptance can be increased if
accompanying measur es are designed into the system from the very beginning, with the intention to
bring additional benefitsto the individual users.

In the following, this paper looks into the three core success factorsin turn.

A successful measure

o works smoothly regarding the technical implementation,
e achievesitstraffic management goals, and

e most importantly, becomes accepted.

4. TECHNICAL DESIGN ISSUES

4.1. Technology

The choice of technology is less critical than it appears at first glance. Actualy, the technologies
employed in road-user charging devices are standard technologies, for example, short-range
communication (DSRC), satellite localisation (GPS) and maobile communications (GSM).

More important than mere technology is the system concept that is made out of the technica
building blocks. Here we see four basic concepts that can all be considered mature, including practical
proof inrea systems:

— Manua, manned and barrier-controlled toll stations. Such stations are the traditional means to
collect charges on interurban motorways, especially on networks operated by concession
companies. Due to the tight space constraints in an urban environment, such toll stations are
rarely an option for congestion charging.

—  User sdf-declaration systems. In such a system concept, road usage has to be declared by the
user either before or after the trip. An on-board device is not required. The operational
processes for such a manual charging system strongly depend on the details of the charging
scheme. Users may book and pay trips at kiosks or fuel stations, with their cell phone viaSMS
or Internet. An indispensable part of any manua system is an Automatic Number Plate
Recognition system that can check whether users have actually paid for their trip.

IMPLEMENTING CONGESTION CHARGING — © OECD/ITF 2010



CRITICAL SUCCESS FACTORS FOR IMPLEMENTING ROAD CHARGING SYSTEMS - 35

— In DRSC systems, on-board equipment communicates with road-side beacons for an
electronic charging process. The on-board equipment works as an eectronic tag that will be
recognised when passing specific beacons, which have to be installed at pivota points of the
road network. DSRC on-board equipment is low price, can be battery-powered and does not
need a proper installation.

— GPS/GSM-based systems use GPS for localising the vehicle. The GPS positions are then
identified on a map and matched to the most likely roads. This map matching can occur in the
on-board equipment or in a central system. Cellular communication via GSM or similar
transfers either the raw GPS position data or the map-matched road usage data to the back
office system. This technical concept requires comparatively sophisticated on-board equi pment
that needs at least some minimum installation since it requires electrical power supply from the
vehicle, either via permanent installation or from the cigarette lighter.

GPS/IGSM systems are the ultimate dream of any traffic manager since the capabilities for
differentiated charging are nearly unlimited. The price for this is the need for capable on-board
equipment, which is not only a cost issue but implies a number of complex challenges, e.g. the
logistics of distribution and installation, the handling of occasiona users, and means of protecting the
privacy of usersin aconvincing way.

The choice of technology nowadays can be considered a mere engineering decision and should
under no circumstances become a political issue (“we want the technically most advanced satellite
system”). Technology is mature and choices should be made for technical reasons only.

Several countries have examples of projects where the choice of technology has been made even
before other critical questions, such as the determination of the charged road network, of liable
vehicles and of basic charging rules, have been made. In particular, satellite technology appears to be
magically attractive but should not become an implicit pre-requisite of system design since it is not by
necessity the best choice. Especially for congestion charging in the typical city environment, with a
small geographical perimeter, many occasional users and limited financial room for manoeuvre, more
mundane technologies usually make for a better overall outcome, with lower costs, lower risk and
faster implementation.

Technology is mature and available, and as such not a critical success factor —at least as long as
optimal choices from an engineering perspective are made.
Technology should not become a political issue or a matter of national pride.

4.2. Urban constraints

In an urban context, a successful technical system design must address the challenges imposed by
the urban environment with high priority. Charging technologies have initially been designed for the
inter-urban motorway environment and do not naturaly blend well into an urban situation. Several
issues have to be considered [2]:
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4.2.1.  Aesthetic impact

The physical appearance of roadside installations is a much more politically sensitive issue in
urban areas than in interurban contexts. There are generaly tighter restrictions, as well as existing
visual, environmental and historical contexts. Street furniture needs to be sympathetic to such
contexts, including colour, style, size and location. Only rarely will it be possible to even contemplate
the use of gantries and thick structural elements in these locations. This reflects the fact that many
more people live and work in urban areas and they have some degree of ownership of that landscape.
As a policy, road-user charging is sensitive enough without the controversy associated with physical
changes to the local built environment. Therefore, any system that is deployed in the urban
environment must be discreet, have minimal impact and be sympathetic to the surrounding
environment.

4.2.2. Chaotic traffic behaviour

The traffic characteristics in urban areas are different from interurban contexts, including much
more chaotic patterns of movement and behaviour. The urban road can be just as much a destination as
it is athrough-route, for awide range of people and goods. With roadworks, building works, parked or
static objects, contra-flow bus lanes, dow traffic, overtaking and generally chaotic driving behaviour
in urban areas, there is often no real concept of aleft- or right-hand “side” of the road, no real concept
of alane, and the potential for unusual manoeuvres (e.g. u-turns and reversing) at any location on the
road at aimost any time. Unlike interurban roads, urban thoroughfares have a very diverse range of
traffic restrictions and traffic management measures on them, including segregated lanes, traffic
islands, chicanes, barriers, rising bollards, road humps, textured surfaces, pedestrian crossings and
roundabouts. Finally, charges may be applied which are direction-dependant. Therefore, any system
that is deployed should provide complete carriageway coverage for the monitored directions and have
the capability to determine the direction of travel.

4.2.3.  Diversity of road users

The range of objects using or adjacent to roads in urban areas is different from interurban
contexts, reflecting the greater diversity of travel activities taking place in urban areas. Thisincludes a
much wider range of powered and unpowered vehicles, pedestrians and static objects (e.g. refuse
skips, parked vehicles, trees). It is also reasonable to expect that for any particular urban charging
scheme there will be a mixture of equipped and non-equipped vehicles legally using the road, with
potentially a relatively high proportion of non-equipped users. Again, this reflects the fact that, as a
destination, the urban area cannot always be by-passed, in contrast with most interurban routes, and it
isunlikely that all objects using the road will be subject to a charge.

42.4, Highly variable road topology

The topology of a road in an urban area is much more likely to vary between different charge
point locations than in an interurban context. Road widths are highly variable, ranging from as little as
three metres through to five or six lanes in each direction at busy intersections. Footways, narrowing
roads, bends, skew junctions and roundabouts al reflect the extent to which urban roads are as much
multi-purpose spaces between the buildings (and the subject of historical precedent and shared usage)
as they are athoroughfare designed to move traffic.
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Figure 1. Examples of variable road topologies

Soure: Curtesy of Transport for London.

4.25.  Challenging installation

With lower traffic speeds, urban roads are much more likely than interurban roads to have other
physical structures immediately adjacent to, over and below the road surface. Thiswill include railway
lines, tram lines, power lines, telephone lines, buildings, sewers, ducts, water, gas and electricity
supplies. The works involved in constructing charge points may require a degree of consultation with
the owners of such assets in terms of disruption and future access. This creates straightforward
physical as well as logistical and administrative challenges in trying to erect structures, tune
performance and maintain systems. Ultimately, this may limit the range of locations where charge
points can be erected.

The special challenges of the urban context need to be addressed from the very beginning and are
not restricted to purely technical issues but also a matter of aesthetics and perception of the required
technical gear.

4.3. Occasional users

The handling of occasional users strongly determines charging system design. If charging
requires the use of on-board equipment, then it can be assumed that frequent users will equip
themselves in order to take part in the scheme. But, according to the UN Convention on Road
Traffic [3], al users, including non-equipped ones, must equally be admitted to the road network.

The UN Convention on Road Traffic of 8 November 1968, also known as the “Vienna
Convention”, is an international treaty that facilitates international road traffic by standardizing
uniform traffic rules among the contracting parties. It defines that signatory states have to
unconditionally admit vehicles to their territories if they fulfil the requirements of the convention.
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Charging on-board units are not a requirement listed in the convention. Hence, also vehicles without
installed charging devices have to be admitted to the road network. It is possible, though, to require
vehicles to carry something non-permanently on board, such as a simple sticker or a windscreen
mounted tag.

Occasiona users will not be prepared to equip themselves with permanent equipment. If the
technical solution is based on complex on-board equipment with a high degree of effort for integration
into the vehicle — requiring, e.g., several hours of instalation in a dedicated workshop — then a second
solution must be offered to cover the needs of occasional users. This second solution must ensure that
unequipped or occasiona users can have access to the system in a simple way and with minimal effort,
for example, with aticket-based solution.

In charging, equal treatment means that all user groups pay the same when using the same roads
under the same conditions. System design must ensure that equipped users essentially pay the same as
non-equipped ones. Especially with vehicles coming from abroad, it is usually not possible to give
equipped users better tariffs or to treat occasional users with a simplified charge without violating
international treaties, such as European Community law.

Therefore, even the most sophisticated technical charging solution is limited in its charging
capacity (tariff modulation, complex tariff structure, flexible extensibility, etc.) to the capacity of the
solution for the occasional user. Only what can be done for the occasional user can also be done for
the equipped frequent user. One solution to the problem of occasional users, who are often foreign
usersin transit, is to construct the road-user charge as a national tax which foreign users do not have to

pay.

In city schemes, a high number of users will be occasional visitors from the wider surroundings
of the city. Costs to treat these users adequately are usualy rather high, and revenue will be very
limited. In many systems, the handling of occasional users is the single most important cost driver.
Hence, a proper solution for the occasional user has to be seen as a core problem of system design, and
is by no means afringe problem.

Occasional users require high consideration in system design. A simple and cost-effective solution
for this user group is decisive for the overall success of the system.

4.4. User compliance

A charging system is all about compliance. There are traditional toll stations where the user stops
in front of a barrier, then throws coins into a basket and the barrier will open. If there is no coin in the
basket the barrier does not open. The barrier, and not the basket, has made the user pay.

In an electronic fee collection system, the on-board equipment will automaticaly, via some
modern technology, “throw coinsinto the basket” and free the user from this task. But there is a catch:
the on-board equipment replaces the basket but does not replace the barrier. The vehicle is not stopped
by the on-board equipment if the coin is not thrown. Hence some kind of virtual barrier is required to
make the user pay. This virtua barrier is the compliance checking system. In essence, a charging
system is as good and reliable as its compliance regime.
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Figure 2. Compliance control by barrier

The am of compliance activities is that, on average, a compliant user pays less than a
non-compliant one. There are two extreme options to achieve this target. The first is to have many
compliance checks and a low penalty. The second is to have only occasional compliance checks but
high penalties. There is alimit to penalties which is given by political and legal acceptance. This limit
defines the minimum density of compliance-checking activities required in a system.

Advanced technical solutions exist that allow for charging and enforcement in free, unconstrained
traffic. Usually, thereis amix of permanently installed automatic enforcement stations combined with
a certain number of mobile enforcement units, i.e. manned patrol cars with special enforcement
equipment. The fixed enforcement stations check the correctness of payment of vehicles passing by
without any obligation to stop. This is achieved by a combination of technologies, including laser
scanners to determine vehicle and tariff class, automatic licence-plate reading equipment to check for
user registration, and video cameras to create pictures for proofing the case.

The processes of compliance checking and prosecution cannot fully be transferred to private
organisations because of legal constraints. Especially for a public levy, enforcement is under the
overall responsibility of, and has to be controlled by, an agency equipped with the necessary lega
powers.

Enforcement of correct toll payment is amongst the most important single issues in a charging
system. The reliability and the strictness of the enforcement system is the basis for ensuring the
revenues and the overall acceptance of a system. Only an enforcement system which detects violators
in a proper way can assure the integrity and acceptance of the system. In a system where incorrect
payment or non-payment is tolerated, confidence in the system decreases and acceptance by the
paying majority may become critical.

The compliance system is also amajor cost driver. For every system, there is an optimum balance
between enforcement effort and revenue loss due to violations.

Every charging system is only as good and reliable as its enforcement system.
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4.5. System costs

Much has aready been said about cost drivers in charging implementations. Experience shows
that people have a tendency to focus on capital expenditure at implementation time and often pay less
attention to operational costs.

In fact, one should consider overall costs of ownership over the whole operational lifetime. In our
experience from many implementations, the operational costs over a typical system lifetime of ten
years exceed the implementation costs by about a factor of ten.

Cost drivers are al non-automated processes heeding manual intervention:

— Handling occasional users creates little revenue but requires costly infrastructure and a dense
network of points of sale. In addition, every single payment transaction comes at some cost.

—  Operation of the compliance system requires a considerable number of staff, either on the
road for compliance checking patrols or in the back office for checking automatically
generated evidence.

— Back-office operations are costly, especially if there is high number of non-standard
activities, such as user data mutations and user requests, or complaints via the user front
desk.

— Payment transactions consume a fraction of the revenue. Every loading of an account and
every credit card transaction has an associated cost. Costs of payment are usually in the order
of 2-5% of total revenue.

A successful system must focus on good solutions for the cost drivers. Neither policymakers nor
users easily accept a charging system that itself consumes an appreciable fraction of the revenue. It is
rather important, though, to communicate quite early in the political process that a complex measure
such as a time-distance-place differentiating charging system comes at a cost. It is close to impossible
to design a system where operational costs are below 10% of revenue. Operational costs of 15 to 20%
of gross revenue are a more typical goal for a city-size charging system. Even these figures have
proven to be difficult to achieve in practice.

Operational costs by far outrun implementation costs. Complex charging systems come at a cost.
Realistic costs have to be communicated as being an intrinsic element of capable road pricing
solutions.

4.6. Security

Charging systems are payment systems with large money flows. System security is an important
question that has to be considered in the design of every aspect of the system. The issues regarding the
security of aroad-user system can be grouped into:

—  Security of the data, payment and information flows against fraud and external interference;

—  Protecting the operations against system breakdown;
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—  Overall system security regarding the correctness of the charged toll and its solidity in case
of legal disputes.

External and interna threats to the correct flow of data, payment and information must be
analysed and appropriate countermeasures designed. High attention has to be paid to al conceivable
attempts by users to fraud the system. Available countermeasures are physical protection of critical
system elements and cryptographic protection of communication channels. In particular, fraud by
internal users (tolling personnel) has to receive high attention.

In the case of system breakdown, it is necessary to have a back-up solution ensuring that no loss
of data occurs. The probability of an extended system breakdown strongly depends on the technical
approach chosen, the dependence on externa entities and the system distribution into central and
decentralised components. Core central components have to be designed fully redundantly.

Ultimately, system security relies on the availability of data that allow monitoring of the system.
Errors and frauds can only be detected if sufficient data is available. It is essential that security
requirements are designed into the system from the very beginning in order to be able at any time to
have correct datathat can stand detailed scrutiny in front of a court of law, in case the need arises.

Road-charging systems are large payment systems. System security is a critical design issue.
Security is an end-to-end problem, where the complete, long path from use of the road to booking of
the payment in the central system needs to be protected.

5. SCHEME LAYOUT ISSUES

5.1. Schemeprinciple

In theory, the charging scheme, as defined by its rules for charge determination, can take many
forms. Basically, we distinguish cordon-oriented schemes, where crossing of a defined border triggers
the charge, and area schemes where being in a certain area defined by a border triggers the charge,
which might be a fixed sum per day, time-dependent such as a parking fee, or distance-dependent.
Schemes can be designed with many complex variations: e.g. where one charging cordon with a high
tariff is situated within another, larger cordon with a lower tariff, or where a distance-dependent
system is simultaneously time-dependent, with tariffs varying according to the time of day.

This is not the place to contemplate al available possibilities. Modern charging equipment,
especidly of the GPSIGSM type, will enable al conceivable scheme principles. In practice, only the
most simple scheme principles stand a chance of realisation, for the following practical reasons:

— Inorder to have an effect on the user, the system must have simple rules, like “driving in the
rush hour is costly” or “driving off the motorway is costly” or “using an ‘old banger’ is
costly”. Users must be able to react to the price incentives given. This means that the rules
must be understandable and must give clear indications on how to best react.
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— In fact, the system component caring for the occasional user will limit system complexity.
As discussed above, it is difficult to equip occasional users with sophisticated equipment.
Occasiona user solutions typicaly are simple booking systems that cannot support a
complex, highly differentiated and variable charge.

— Aslaid out in the next section, every city has a structure leading to natural perimeters for
charging zones. Theoretical considerations work in idealised surroundings. In practice,
historically established structures of spatial development or of traffic flow will themselves
lead to avery limited choice of feasible options.

Figure 3. Ten options discussed for a congestion charging schemefor the city of Helsinki [4]
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Margina socia cost pricing is a theoretical concept. Practica implementations will try to
consider these results but will in practice be limited by very mundane considerations.

In theory, charging principles of any complexity can be designed that would lead to optimum
outcomes and efficiency. In practice, systems must have simple rulesin order to be understandable,
must support simple solutions for occasional users and must work in grown urban patterns. “Keep it
simple” isthe best advice one can give in this respect.

5.2. Geographic perimeter

When road pricing is being planned as a tool to combat congestion, it is vital to choose the right
border of the area where the charging sets in. This is true irrespective of the choice of scheme
principle, e.g. cordon pricing or area pricing. It is essential to set the border such that a large fraction
of the commuter traffic is being captured, without disrupting modes of traffic that are less relevant for
congestion, such as delivery traffic, transit, occasiona trips and —especially critical for some
stakeholders — shopping traffic.
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Again, theory will provide for excellent guidelines on which line crossing should trigger a charge,
or at least start liability or an increased tariff. In practice, always there is very limited choice. Many
cities have a natural structure that is already visible from a cursory glance at the city map, and that is
a so reflected in the mental representations, the “ personal maps’, of the city’ s inhabitants. Such natural
structures might be a ring road as, for example, the perimeter of the London congestion charge, or a
natural barrier, such as the waterways surrounding Stockholm'’ sinner city.

Figure 4. Charging perimeters of the L ondon and Stockholm congestion charges
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Although such natural choices for the charging perimeter are usually not the ones that would be
optimal from theory, they are very effective in practice. Over a long period of time, such natura
structures have been shaping the spatial development of living and working areas, of shopping streets
and quiet neighbourhoods and, to an amazing extent, even cultural identity. For a Londoner born south
of the Thames it is close to unthinkable to live in the north, and vice versa. These grown spatial and
behavioural patterns are reflected in the daily traffic flows. These considerations may explain why
“logical” or “natural” choices of charging perimeters, even if not necessarily optimal in theory, will
normally be quite effective in practice.

Perimeters cannot be chosen in a clean environment. Since the western extension of the London
Congestion Charge has been implemented, an uncharged transit route cuts through the congestion
charging zone. In Stockholm, inhabitants of the Lidingd island cannot travel anywhere without
crossing the charging zone. This situation requires a special arrangement. The inhabitants of this
special area may cross the inner city at any time without being charged. The administration of this
special measure represents an appreciable portion of the operating costs of the Stockholm congestion
charge.

When setting the perimeter for the charging measure it is aso important to consider the
availability of other transport modes. In many cities there is arich choice of public transport meansin
a radia direction, i.e. in and out, but much less convenient choices for going from one peripheral
destination to another. Paris is a very good example of such a centralised city. If oneis living in the
west but working in the north, there are far less good public transport connections as compared to
living west and working centrally. Congestion charging will only flourish if good transport alternatives
are available to commuters. These considerations are to be taken into account when designing a
pricing measure, and especially when defining the charging perimeter.
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Most cities have historically developed structures that lead in themselves to natural choices for
charging perimeters. It is wise to benefit from them rather than to contemplate “optimal” but
artificial boundaries.

5.3. Tariff level

It is difficult to find the right tariff level for a congestion charge. The charge must be felt
sufficiently such that people will react, and at the same time be acceptable enough that people will not
heavily opposeit.

Theory offers several approaches to tackle the problem. One can look, for example, into the value
of time in order to see what the monetary equivalent of a quarter hour lost in congestion might be, or
one can look at marginal congestion costs to society. In practice, these deliberations may give some
indication of where the right tariff level should be, but ultimately the tariff is a political decision that
will rather be oriented towards creating acceptance than at creating an optimal traffic management
outcome.

The political promise is often of “revenue neutrality”. This sounds like a good deal for the
citizen: before introduction of the pricing measure, everybody pays some fixed tax or fee, such as an
annua registration fee, vehicle tax, or the like. If this fee is replaced by a variable congestion price
that is revenue neutral, it islikely that the citizen will “buy in”. “If | have to pay anyway, why not pay
for something intelligent, which has a positive traffic effect?’ In addition, most citizens will drive less
than average and are most likely better off with the new regime, thereby creating a natural majority of
winners.

This sounds like a clever strategy to create acceptance, but in fact carries some inherent risks. In
most communities, tax income from the road sector cannot decrease, under any circumstances.
Revenue from the road sector is essential for financing many public duties, like road maintenance and
construction, or even as a mgjor contribution to the general community budget. Hence, whatever the
new pricing measure, net revenue must remain at least the same. Neutrality in terms of net revenue
means that gross revenue has to increase — but gross revenue is what is being collected from the users.
The difference between net and gross revenue is the collection costs, which are close to zero for
annua registration fees and similar levies but, even under very favourable circumstances, can hardly
lie below 20% of revenue for city road pricing schemes.

Hence it is politically dangerous to promise revenue neutrality when in fact gross revenue needs
to increase in order to keep budgets balanced. Public acceptance might well be improved if, from the
very beginning, the pricing measure is designed to create additional income which is earmarked for
projects widely accepted as beneficial, such as the construction of a new bridge or tunnel or the
introduction of new tram or bus lines.

The right tariff level is a politica decision rather than the result of theoretical considerations.
“Revenue neutrality” sounds like an attractive way to go, but has proven to be difficult to achieve in
practice.
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5.4. Legal statusof thecharge

A road charge can have the lega status of a tax, which is a public levy that is owed
unconditionally, or afee, which isaprivate levy and the price of a particular service consumption.

In the case of atax, only an authority has the fiscal sovereignty to collect it. Daily operations may
be outsourced but control and governance must remain in the public sector. A tax is usually defined as
a levy that does not give the right to a certain service. Taxes are simply instruments for financing
community budgets, and strict regulations and procedures apply: there exists, for example, a
well-defined appeal process. Toll charges with atax status usualy rely on a user’s self-declaration of
road usage, and the technical equipment is merely considered as atool to help the declaration. For a
tax, compliance checking and prosecution are legally quite smple to implement, since public servants
can be sworn and receive the necessary powers, e.g. to stop a vehicle, or to access the national
licence-plate database.

In contrast, a fee is usually defined as a charge that is directly related to the use of a service.
A fee can be collected by a public authority or a private organisation aike. With fees, the freedom in
system design is higher since the environment is less regulated. For afeeit is, for example, acceptable
that the road-side system measures road usage without a user declaration. Compliance checking and
enforcement is more of an issue, though. A private company cannot prosecute ordinary citizens, as
could a sworn public servant. For afee, specia legal or organisational measures are required to set up
atight enforcement regime.

Often, a simple way to distinguish between tax and fee is through Value Added Tax (VAT). If a
road usage charge is legally considered a tax, it is not subject to VAT. If the charge is considered a
fee, VAT normally applies. VAT adds some complexity to handling and processing payments, but is
not an issue for the road-user charging scheme itself.

The legal status tax or fee might appear to be a minor issue, but in practice it is of crucia
importance to get the legal status right. For the Stockholm scheme, for example, this single issue has
caused many months of delay. The legal status reaches deep into many aspects of the charging
processes; from the right to collect, the need for fully equal treatment over the legal significance of the
user “declaration”, compliance and enforcement powers, and applicable court processes for legal
recourse, to the applicability of VAT.

The legal status “Tax” or “Fee” is not a minor design issue but of crucia importance and requires
early and careful consideration for a successful implementation.
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6. ACCEPTANCE ISSUES

6.1. Managing public perception

Acceptance for a measure is not constant but changes with the development of the public
discourse. When looking at the available examples, one recognises a pronounced temporal
development.

Obviously, people first focus on their individua costs, rather than expecting positive persona
effects; costs are conceivable, but not benefits. Thus, fierce initia rejection is often experienced and
discussion is generally polemic and undifferentiated.

It is the task of a well-managed public dialogue to address, rather than repress, preconceptions

and outright fears. A precondition is that the public indeed perceives a problem, as discussed below.
Over time, emotions will cam. Thisis the point where opinions are being made.

Figure 5. Public acceptance changes over time [from Ref. 7]
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From observation, a critical success factor appears to be that this process is actively managed.
A positive factor is strong political leadership. Leadership and decidedness appear to support
identification with the measure and a so lead to a deeper involvement in the discussion.

Thisisthe “window of opportunity”, when thereis sufficient support to trigger deployment. From
then on, support will fade away again as issues emerge in detailed planning and law-making. Support
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islowest just before introduction, since fears will peak and benefits are not yet visible. However, after
introduction, “seeing is believing” and support will build up.

Public opinions need to be managed through leadership, decisiveness
and skilful timing.

6.2. Pressingtraffic problems

Studies have shown — and this comes as no surprise —that in al successful implementations it has
been essential for road pricing to be perceived as a true solution to a problem [see, e.g., Ref. 5]. This
finding entails three elements:

— There hasto be a major traffic problem. People are only prepared to pay for mobility if there
is a massive congestion issue without simple and common solutions. Interestingly also,
financial issues are perceived as relevant problems — such as a lack of resources to fund the
building of important infrastructure, e.g. a relief road or an important tunnel or bridge, to
combat congestion in the inner city.

Unfortunately, these findings mean that pricing cannot be used to combat congestion before
the problem occurs. Pricing as a pre-emptive measure will find neither political nor public
acceptance. Consensus in society appears to be a precondition for no longer tolerating the
traffic situation — irrespective of whether individuals are concerned by the problem in their
daily lives.

— It is also important that people trust that charging will make a genuine contribution to
aleviating the problem. Acceptance can only be expected if the pricing measure “works’
according to the judgment of the people concerned. Since pricing measures are new
instruments in traffic management, lack of persona experience is a hindrance in this process.
Humans learn from experience and the effects of a pricing measure cannot be felt beforehand:
effects are predicted but cannot be experienced before the measure is introduced. Tests and
pilot projects can make an important contribution by proofing effects and even making them
perceptible for the individual. This concept was exceptionally successful in introducing the
Stockholm charging system.

— Findly, the traffic problem needs to be perceived as severe, with pricing providing a suitable
measure. The open dialogue in London and Stockholm has moved congestion into the public’'s
awareness. At the beginning of the discussions in both cities, congestion has been accepted as
unavoidable and “god-given”. Only public discussion has created awareness about the extent
of congestion and its disruptive influence on a city’s quality of life. In the UK, phrases like
“we cannot build our way out of congestion” have become common wisdom. This perception
isan essential basis for widespread acceptance of pricing as a traffic management tool.

Worldwide, al studies —see [Ref. 6] for a typical example— underline the importance of the
perceived necessity and effectiveness of accepting a road pricing measure. In the cited study, the
authors compare systems across the globe and conclude that publicly perceived necessity is the single
most important success factor.
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Prerequisites for success are: a massive congestion problem that is perceived as such; and that
pricing is believed to be effective.

6.3. Useof income

As discussed in the section about tariff levels, revenue neutrality is probably not the best
approach to win the public over. If anew pricing measure is introduced, it is wise to abolish or reduce
some other taxes and fees, but creating extra net revenue is nothing to shy away from. Under no
circumstances should extra revenue be part of a hidden agenda — e.g. “We will be grosdy revenue
neutral. Later tariff increases cannot be excluded as this point in time.”

Use of revenue is critical. Initially it was believed that broad acceptance of a measure requires
that revenue is earmarked to return into the road sector and that public transport in particular is an
acceptable destination for spending the money. More recent experience, as collected e.g. in Ref. 5,
shows that earmarking is the essential element. As a destination for the money other generally “good”
placements are acceptabl e to the public. It isimportant that those who pay aso benefit. Revenue from
city pricing needs to be spent in the city, for road infrastructure, public transport, or even to subsidize
ecological projects. “My money should be used in my neighbourhood.”

Revenue is an essential element of pricing. Instead of promising “revenue neutrality”, which is
difficult to achieve and to maintain in practice, it might be well worth being courageous and using
the extra revenue for something that is widely welcomed.

6.4. A transparent, fair and under standable system

Acceptance requires trust. Trust can only be won through transparent, open communication.
Transparency implies that the system rules are clear and simple. Everybody must understand where he
has to pay, when and how much. There should be simple rules to follow, without undue complexity
and without many exceptions.

The successes of the charges in London and Stockholm are to alarge extent due to the simple and
transparent rules. The charge perimeter is easy to recognise and well communicated. It is simple to
understand at what time of day the different tariffs apply. It is clear where one can pay and what to do
if one did not manage to pay before use.

It is essential that people feel treated fairly. Nobodies wants to be fined just because he did not
know some detail or because of a minor neglect. Thisimplies clear and simple rules but also a simple
access to the system. | personally do not mind to pay afew Euros for parking or for road tolls, but | do
not want to be hassled. | do not want to search for the right coins, or to have to stop and leave the
vehicle, or to fill in long forms, and the like. The “front desk” of the charging system must be user
friendly. National charging systems for heavy vehicles, such as the ones deployed in Germany, Austria
or Switzerland, and as currently being procured for France, have no need to be overly simple to use.
Truck drivers are professionals used to pay fees, tolls and taxes of all sorts. One can reasonably expect
that commercial drivers are informed and can manage more complex tasks. Thisis not true for a city
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charging system that has to accommodate everybody, not just the interested and informed, young and
active citizen.

Fair treatment also implies a credible compliance regime. It is essential that people trust that
everybody pays and not only the “honest idiots’. Compliance checking has to be recognised as
proportionate. It must have a certain visibility but should not be perceived as constant surveillance,
and must not be intrusive.

A transparent, fair and understandable system is achieved through clear rules, simple access to the
system and a credible compliance regime.

6.5. Privacy

Privacy aspects influence the technical solution for aroad-user charging system and its public and
legal acceptance. In a charging system, privacy must be guaranteed regarding:

— Personal user data;
— Payment and contract data;
— Movement data.

The privacy requirements regarding personal user data, payment and contract data of a road
charging system are basically the same as in similar systems such as telecommunications, banking or
retail, and must be handled in the same way.

A specia property of a road-user charging system is that a vehicle is identified as being at a
certain location at a certain time. Depending on the charging concept and the technical solution, this
may imply that data on the daily movement profile of a user is available in the system. System design
must ensure that such data are treated according to privacy laws and in a transparent and
understandable way for the public. Privacy is more of an issue for private vehicles than for
commercial fleets, since private vehicles can be linked to a certain person (owner/driver) whereas
commercial vehicles cannot (changing drivers).

There is a tendency to treat privacy issues by technical means. Various measures based on
cryptographic techniques are being proposed. There is also a discussion on keeping data within certain
environments, such as processing all data in the on-board equipment, and only transferring daily
aggregates to the back-office. Such privacy-protecting concepts usually imply some costs and a certain
inconvenience in system design. The solutions are fine in principle and are normally sufficient to fulfil
the legal requirements.

The perception is not influenced by design, however. It is probably better to look into the
institutional arrangements. For example, | have no problem with the fact that my mobile phone
provider knows every movement | make, or that my bank knows a lot about my financia capabilities.
People like to have a choice regarding who can access their data, and they are more relaxed about it if
they receive a clear benefit. 1 would like to be able to pay my road-user charge through some
non-suspect body, such as my automobile club, the supermarket or my mobile phone company.
Authorities usually outsource operation of the charging system anyway. Why not use this aso to
provide for effective user privacy, especialy as perceived by the public?
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Movement data is sensitive and has privacy implications. Again, perceived privacy is decisive. The
feeling of having a*“spy in the car” has to be avoided.

6.6. Accompanying measures

A price is only acceptable if there is something of the correct value offered in return. As
discussed before, the benefits of congestion relief cannot be experienced beforehand, and are just
vague promises to most citizens.

It is therefore wise to bundle the pricing measure with more returns for the individual. To the
author’'s personal amazement, the focus in this discussion has been on providing “value added
services’. The messageisthis: “Dear user, you will need a box in your car that charges you, but it can
a so provide some useful servicesfor you”. A long list of such value-added services has been proposed
in the past, especially with the introduction of heavy-vehicle charging systems, which required viable
on-board equipment. Proposed services included navigation, traffic information, fleet management,
emergency calls, automated payment for parking, payment at the pump, and even McDonads
drive-through payment.

The proposals have been very technology-driven and have not achieved market success. When it
comes to useful applicationsin a city environment, modern mobile devices such as the iPhone are hard
to beat. | do not need a charging box to tell me which way to go to find the next restaurant or to pay
for my burger.

What the author would love, though, is a proper integration of the whole charging measure into
daily mohility in the city. If the congestion charge, e.g., was the same as a day pass for public
transport, or had an option to include city parking, or at least had the same cordon layout as the public
transport tariff zones, we would feel that someone has invested some thought and care into what
touches our daily lives. If we feel that we are not smply being charged but that this is part of a
package that improves our city mobility, we are less opposed to paying a price.

As discussed before, it is advisable to plan for some extra revenue and not go for full “revenue
neutrality”. Extra money is well spent on accompanying measures such as improving public transport,
providing park-and-ride facilities or introducing a city mobility card, which can be used to access all
transport offers, from public transport, through parking to road pricing.

Strictly speaking not an accompanying measure, but quite akin to it, is the provision for
interoperability. Currently, city pricing schemes are confined to larger metropolitan areas and are lone
“idandsin the sea’. As soon as more regions employ charging for demand management purposes and
as soon as interurban motorway tolls increasingly become electronic, users must be offered a single
device with a single contract to pay for al road-use related charges and fees. The focus today is on
commuters within city limits with usually little need for interoperable equipment. With the increasing
success and inevitability of pricing measures, interoperability will become a must, and not a nice
accompanying goodie.

Pricing should be part of a package. Individual users will more likely accept a new charge if there
are clear benefits that accompany the pricing measure.
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7. CONCLUSIONS

In order to make charging a success, three core aspects need to be planned and implemented
skilfully:

— Technical design;
— Scheme layout;
— Acceptance.

The order of priorities is in fact bottom-up: without sufficient acceptance and support, a new
charging measure will not stand a chance to pass early political hurdles, and implementation will not
even start. A clever scheme layout comes next, since the charging rules determine whether or not the
desired traffic effects will be seen. Proper technical design is certainly also an important success
factor, but appropriate technology is available and should not become a driver of the project.

Unfortunately, the level of difficulty is bottom-up: acceptance is hard to steer. The report gives
some hints on where the focus of activities should be according to experience from projects
worldwide, but there is no guarantee. The subject is emotional, non-linear, time-dependent and
multi-faceted. The good message is that knowledge and understanding about proper scheme layout has
increased over the last years, and especialy that technical issues are no longer an obstacle. Good
solutions and products exist and only require proper engineering and project management.

Yet, the main conclusion of this review of critical success factors is that pricing as a traffic
management measure has become a tool that is now available to tackle the problems of our growing
cities. Congestion pricing is not yet a tool as readily usable as any other traffic management tool.
Success is not guaranteed, but the effects are unsurpassed. Apart from a driving ban, no other traffic
management tool has a better effect on congestion than pricing.

Designing a nation-wide high-tech charging system for trucks needs good engineering and project
management — it requires good craftsmanship.

Designing a congestion pricing system for a city needs careful handling of a number of acceptance-
critical implementation issues— it requires vision, inspiration, leadership and luck.

City congestion pricingisart, not craft.
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1. INTRODUCTION

Singapore is an idand-state with aland area of about 710 square km, measuring 42 km across and
23 km from north to south. Densely populated with more than 4.8 million people, its transport needs
are served by an infrastructure of 147 km of MRT/LRT" lines and 3 300 km of roads catering to more
than 900 000 vehicles.

Given its land constraints, Singapore's overall transportation strategy cannot rely on building
more and more roads to serve its population’s travel needs. It needs a comprehensive and affordable
public transport system and sustainable demand management tools. Hence, its recently launched Land
Transport Master Plan is based on making public transport a choice mode, while continuing to manage
road usage and meet the diverse needs of its travellers. A key element in attaining these objectives is
the continued use of road pricing.

Road pricing has long been associated with Singapore, starting way back in June 1975. Many
changes have been made to the road pricing scheme since that time. Started as a manual scheme, based
on paper permits and hence using little technology, it has evolved to become a sophisticated system
today, involving various technologies. The economic principles for road pricing, however, continue to
be valid but the charging structure has evolved to keep the scheme effective and derive benefits to the
community as awhole.

2. MANUAL ROAD-PRICING SCHEME

The manual scheme, called the Area Licensing Scheme (ALS), was based on the display of paper
licences that were purchased prior to their entering the part of city defined as the Restricted Zone
(RZ). This scheme was in operation for 23 years before it was replaced with the Electronic Road
Pricing System (ERP) in 1998.

To enter the RZ during the restricted periods, non-exempt vehicles had to purchase an ALS area
licence from roadside sales booths located on approach roads to the RZ, petrol stations, post offices or
convenience stores. These are available as daily and monthly AL S arealicences.

Enforcement personnel were stationed at the control points to ensure that non-exempt vehicles
displayed valid ALS area licences on their windscreens, or on their handle-bars in the case of
motorcycles and scooters. Violating vehicles had their vehicle licence numbers noted down and their
owners received summonses for entering the RZ without a valid licence. Vehicles were free to move
around or leave the RZ without having the AL S arealicences.
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2.1. Operating hours

The ALS started in June 1975 with the restricted hours of 7.30-9.30 am. daily, except on
Sundays and public holidays. Three weeks later, the restricted hours were extended to 10.15 am., in
order to restrain the surge in vehicle entries immediately after the lifting of the ALS at 9.30. The ALS
operated for 2% hours each weekday during the morning peak period until June 1989, when
fundamenta changes were made. The restriction period was extended to cover the evening peak hours
of 4.30-7.00 p.m. on weekdays.

In January 1994, more fundamental changes were made to the AL S scheme. The restricted hours
were further extended to cover the 10.15 am.-4.30 p.m. time period on weekdays and the post-peak
morning period of 10.15 am.-3.00 p.m. on Saturdays. The Saturday restriction period was
subsequently cut back to 2.00 p.m. due to improved traffic conditions within the RZ.

2.2. Affected vehicles and charges

When the ALS started in 1975, taxis, public transport buses, goods vehicles, motorcycles, and
passenger cars carrying three or more passengers (car-pooling) were exempted from the scheme.
A few months later, in August of the same year, the exemption on taxis was removed.

In June 1989, motorcycles and goods vehicles were also required to purchase ALS licences prior
to their entering the RZ during the restriction period. Exemptions for car-pools were also removed
because private cars were picking up bus commuters instead of forming genuine car-pools.

Starting at $3” per day for an ALS car licence in 1975, this crept up to $5 per day in 1980.
However, with the major review in 1989, there was a reduction in rates because more vehicles were
then required to purchase licences. The daily licence fee for a car was reduced back to $3.

The January 1994 changes also saw two fee levels for two different types of licence — one
alowing usage throughout the day, and the other for use during the inter-peak period only. The car
fees were $3 and $2, respectively.

2.3. Trafficimpact

Traffic entering the RZ dropped by 44% initially but returned to a 31% drop by 1988. However,
this was despite growth by one-third in city employment, and by 77% in the vehicle population during
the same period. The drop in traffic arose from the decanting of motorists whose destinations were not
in the city but who had been using the city roads as a bypass, as well as of those who entered the city
earlier to avoid having to buy ALS arealicences.

2.4. Going from manual to electronic

Being manually operated, the ALS required substantial manpower. About 60 enforcement
personnel and another 60 officers were required each day at dedicated licence sales booths. The
enforcement duties were demanding, given the long hours spent under the sun and rain, not to mention
the dust and the noise. In addition, there were 16 different types of licencein use at its peak, and much
concentration by the enforcement officers was required to ensure that they identified them correctly.
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It was inevitable that there were errors made sometimes, resulting in the occasional wrongful issue of
SUMMONSES.

There was aways a rush to enter the Restricted Zone just before or after the restricted hours
because of the significant change of licence fee from nothing to $3 or vice versa. Thisresulted in sharp
and short peaks in the volume of traffic entering the city. Having intermediate or shoulder rates would
have smoothed out the peaks, but it was difficult to implement, given the need for various types of
paper licence which had to be distinguished by enforcement officers.

3. ELECTRONIC ROAD PRICING (ERP)

With the shortcomings of the manual road pricing scheme, the search for a more efficient
technology began in earnest in the early 1990s. Technology for an electronic road tolling system was
emerging at that time, and after several years of prototype testing with potential suppliers’, a contract
was awarded in 1995 for the installation of a Dedicated Short-Range Communication (DSRC)
electronic road pricing system.

The ERP system has three major groups of components. The first centred around the in-vehicle
Unit (IU) and the stored-value smart-card. While the 1Us were produced specifically for the ERP
system, the smart-cards were marketed by a consortium of local banks for multiple uses.

The second group comprises equipment installed in the field — at the ERP gantries. These include
the antennae, the vehicle detectors and the enforcement camera system. Data collected is transmitted
back to the Control Centre continuously through leased telecommunication lines.

The third group of componentsis at the Control Centre, and includes various back-up computers
and monitoring systems, as well as a master-clock to ensure that the timing at al the ERP gantriesis
synchronised. All the financial transactions and violation images are processed here.

The ERP system is designed to be simple to use. With the smart-card inserted into the 1U, the
appropriate ERP charge would automaticaly be deducted whenever the vehicle passes through the
ERP gantry. There would be a short beep to signify a successful transaction. Should there be
insufficient cash in the smart-card or should there be no smart-card in the IU, the enforcement cameras
in the gantry will take a picture of the rear of the vehicle. A similar enforcement picture would also be
taken of any vehicle that had no IU instaled. The vehicles registration numbers would be
automatically read using OCR techniques and the vehicles owners issued with letters asking for
payment of outstanding charges, inclusive of administrative fees. Failure to pay the charges and fees
could result in the offender being called to appear in court.

3.1. Pre-ERP launch programmes
There were two major programmes launched prior to the start of the ERP. The first was the

installation of in-vehicle units on the then 680 000 eligible vehicles, while the second was on
publicity, to make motorists and motorcyclists aware and ready for the ERP system.

IMPLEMENTING CONGESTION CHARGING — © OECD/ITF 2010



60 - THE SINGAPORE EXPERIENCE: THE EVOLUTION OF TECHNOLOGIES, COSTS AND BENEFITS

The publicity programme was an important element in the success of the Electronic Road Pricing
launch. It began even before the start of the U fitting programme and was in place for more than a
year, dl the way up to and beyond the launch date of the ERP system. All vehicle owners were sent
brochures, detailing the ERP system, how it works and the differences with the then working
ALS/RPS. Advertisements were also placed in the print media as well as on television to drum up
awareness of the new road pricing system.

With the ERP system, all vehicles are required to have IUs fitted if they intend to pass through
the ERP gantries. ERP charges are applicable for all types of vehicle during the operating hours, with
the exception of emergency vehicles (ambulances, fire engines and police cars). When the system was
first launched the charges varied from $0.50 to $3.00 per passage through the ERP gantries.

3.2. Trafficimpact

Traffic volume into the Central Business District (CBD) had reduced by about 10-15% during the
ERP operating hours, when compared to the AL S scheme. While the charge payable by most motorists
was lower, ranging from $0.50 to $2.50, as compared to the ALS, there was one major change in the
pricing structure that brought about a change in travel behaviour. With the ERP system, there was no
longer an unlimited number of entries into the CBD for a single payment. It was estimated that about
23% of trips that entered the CBD during the AL S days were repeat trips, i.e. whose marginal road
pricing charge was zero. Hence, with ERP, many of these multiple trip-makers cut down their number
of trips, e.g. office workers no longer used their cars to attend mid-day meetings or lunches — instead,
more relied on the public transport system.

3.3. Varyingtheroad pricing charge

The ERP system, being less dependent on manpower, allowed more frequent changes to be made
to the road pricing charges. This helped to better optimise usage of road space in the network. The
rates are set to ensure that flow levels are kept as high as is practicable (thereby alowing the
maximum number of road users to benefit), and this is measured using average speeds as the proxy.
On urban roads, the average speeds should be between 20 km/h to 30 knmvh while for expressways, the
speeds should be between 45 kmvhr to 65 km/hr®. When speeds exceed the upper threshold, too few
vehicles are deemed to be using the roads and, hence, the road space available is not being optimally
used. Hence, the road pricing charge can be reduced to allow more vehicles to use the roads.
Conversely, if the speed falls below the lower threshold, too many vehicles are on the roads and thisis
asignal that the road pricing charge can be increased.

This ERP rate review is conducted every three months, and over the years the rates have
stabilized, with only a handful of gantries having their rates adjusted each time the ERP rate review
takes place.

3.4. Theeconomics of Singapore's ERP system
The origina ERP contract was worth about S$200 million, with half the amount representing a
million in-vehicle units. There were originally 33 ERP gantries, but this has now expanded to 66. The

cost of each 1U including installation was S$150, but for the 680 000 existing vehicle owners at that
time, this cost was borne by the Government.
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Given that the Electronic Road Pricing scheme charges for each passage through the ERP
gantries, it was expected at that time that motorists would be paying more than what they had
collectively been paying under the Area Licensing Scheme. Hence, the annual road-tax structure was
reviewed to have each motorist paying lower road taxes. In addition, there was a one-off road tax
rebate for each vehicle owner, so that overall the introduction of the ERP would be revenue-neutral to
the Government. This was also to make the ERP scheme more palatable to the motoring public.

Although the ERP revenue collected goes to the Government Consolidated Fund and not
hypothecated for transport, much effort was made to stress that the ERP system is a traffic
management tool and not for revenue collection. Asit turned out, the revenue collected when the ERP
scheme started operations turned out to be significantly lower than what was collected with the ALS,
about 30% lower. However, given that the ERP system is a traffic management tool, this lower-than-
anticipated ERP revenue collection was not an issue. With the increased number of gantries, revenue
has naturally increased and presently is marginally more than what was collected under the ALS.
Given that revenue was not the reason for ERP, there were no explicit cost-benefit assessments,
athough there was much effort to contain the costs of implementing and operating the system. Instead,
to gauge the effectiveness of the ERP, it relied on the outcome in terms of observed travel speeds on
the roads.

Naturally, the cost of each ERP gantry has increased over the years and presently, each typical
ERP gantry costs about 1% times as much as in 1998. While the cost of each IU has also increased,
installation costs have lessened due to the various installers having more experience and having sunk
their overheads. Hence, the cost of installing an 1U today has remained the same as before, i.e. S$150
per IU, including installation. The cost of managing and maintaining the ERP system has increased
over the years, consistent with the increase in the number of gantries and IU numbers, but this has
remained at about 20-30% of total revenue collected.

3.5. Extending the coverage of ERP

With the launch of the ERP in 1998, transport planners started to investigate its use to manage
congestion outside the city. An Outer Cordon was planned, charging motorists who passed through it,
but it was decided that each of the roads entering the Outer Cordon would only have ERP gantries
implemented when travel speeds on each of these roads fell below the threshold. Hence, the Outer
Cordon gantries were introduced gradually, starting from 1999. As at end-2008, 15 ERP gantries, of a
total of 21 needed to complete the Outer Cordon, are in use to manage traffic during peak periods.

3.6. ERP to manage home-based trips

The ERP gantries that replaced the ALS, and the subseguent ones on the Outer Cordon had been
effective in managing traffic flows into the city. However, these ERP gantries do not affect traffic
flows out of the city and, consequently, some of the major corridors taking traffic away from the city
towards major residential areas became congested. Hence, the pricing strategy had to be extended to
deal with home-bound trips during the evening peak period. In August 2005, an ERP gantry was
introduced on a major expressway leading from the city to the north, on its most congested stretch.
Traffic was redistributed to other roads and other time periods, with traffic volume dropping by around
25% initially on this major expressway during the evening peak period, from 6-8 p.m. on weekdays.

However, over time the traffic came back onto the expressway, and a significant portion of the
traffic actually left the expressway just before the gantry. This behaviour meant that on this

IMPLEMENTING CONGESTION CHARGING — © OECD/ITF 2010



62 - THE SINGAPORE EXPERIENCE: THE EVOLUTION OF TECHNOLOGIES, COSTS AND BENEFITS

expressway, upstream of the ERP gantry, congestion became prevalent. Hence, two years later in
November 2007, another ERP gantry had to be introduced upstream of the existing one. Based on the
traffic flow profile on this expressway, this new ERP gantry has to operate from 5.30-10.30 p.m. on
weekdays. Traffic volume on this stretch of expressway reduced by about 20% during this five-hour
period, and congestion cleared up.

3.7. Electronic Road Pricing to manage intra-city traffic in the shopping belt

The CBD pricing cordon covers a part of the city that is predominately shopping-based in nature,
and has traffic characteristics somewhat different from the office-based city roads. Thisis the Orchard
Road shopping belt and since most of the shops opened after 10.30 am., there was low traffic flow
there during the morning peak period. However, from midday onwards, heavy traffic with recurring
congestion was normal, on weekdays and on Saturdays.

About 35% of the traffic on the main shopping thoroughfare was found to be through-traffic
- i.e. crossing the shopping area to the office-dominant areain the Central Business District.

Hence, the ERP scheme for this area was refined in 2005, with the shopping belt made into a
sub-zone, with additional gantries at its boundary with the office-dominant CBD area (see Figure 1).
These new gantries allow three pricing strategy changes to respond to the traffic flows in the shopping
belt.

Figure 1. Separating the shopping belt from the office-dominant area

First, the ERP charges for traffic entering this shopping zone during the morning peak period
were removed, since there was no congestion there at that time of the day. Second, from mid-day
onwards, the ERP charge for traffic crossing the shopping sub-zone into the office-dominant area had
to go through two ERP gantries, and the total charge was set to be higher than that for entering the
office-dominant area directly via other roads. This cut down the amount of through-traffic on these
shopping streets, from about 35% to 20%. To ensure that this change would not discourage shopping
trips, the ERP charge for those destined for the shops was actually reduced. As aresult, the volume of
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destination traffic remained unchanged. Third, the shopping sub-area was now priced on Saturdays
without the office-dominant area (which had no congestion on weekends) being charged as well.

The outcome of this pricing strategy change was in line with expectations. Hourly traffic on the
shopping streets was reduced by 14-36% during the priced periods on weekdays and reduced by
19-34% on Saturdays, and this came predominantly from a reduction in through traffic. Indeed, a
survey of vehicles entering the car-parks in the shopping area showed a dlight increase on both
weekdays and Saturdays. In addition, the car-parks there on Sundays also showed increased usage.
One can argue that the pricing strategy change has influenced some of the weekday/Saturday shoppers
to do their shopping on Sundays, and the relief of traffic congestion on weekdays/Saturdays has
attracted new shopping traffic into that area.

3.8. ERP to manageintra-city traffic during the evening peak

With increasing traffic in the city, in 2008 the pricing strategy was revised to deal with intra-city
traffic because the ERP scheme then did not impose any charges on vehicles travelling solely within
the city roads.

The officeedominant CBD was divided into two parts, with a new pricing line aong the
Singapore River involving just five ERP gantries. Traffic crossing this line in either direction was
subjected to ERP charges (see Figure 2) but this was only during the evening peak period from
6-8 p.m., since it was only during this time that congestion was severe enough. Following this change
in pricing strategy, the hourly traffic across the city passing this line dropped by between 28-37%
during the evening peak period. This was a significant drop in traffic and there were concerns from the
shopping community which had also seen adrop in their businesses.

Figure 2. Managing intra-city traffic congestion with a new pricing line

However, it was not conclusive that this drop in business was a direct result of the pricing
strategy change, because there was also a decline in the general economic activity brought about by
the worldwide financial climate. Nevertheless, given that the travel speeds on the roads were increased
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significantly, there was an adjustment in the ERP rates three months later, in line with the established
pricing adjustment criteria. The net reduction thereafter in traffic flow became smaller as expected
following this pricing adjustment, with a reduction in hourly traffic now of up to 30% (instead of
37%), in relation to traffic conditions before the introduction of the new pricing line. Traffic
conditions on the city roads remained relatively good.

3.9. Other Issues

Road pricing schemes and the issue of privacy are never separable. Hence, there was much done
to allay the fears of motorists. Being an active system, there was no need for the centra computer
system to keep track of vehicle movements, since all charges were deducted from the smart-card
inserted at the point of use. Records of such transactions were kept in the memory chip of each
individual’s smart-card. The authorities also took a further step to assure the public that all records of
transactions required to secure payments from the banks were afterwards erased from the central
computer system, typically within 24 hours.

Theissue of the ERP system as a revenue tool for the government was also raised. However, ERP
has always been positioned as a traffic management tool and revenue was not and never has been a
consideration. Indeed, when the ERP system replaced the ALS in 1998, the revenue collected was only
about 60% of what it used to be. Nevertheless, there had to be a continued effort to publicise the fact
that ERP is not a revenue-generating tool and, to drive home this point, whenever there were major
changes in the ERP scheme, there were reductions in vehicle up-front taxes and recurring annual
licence fees.

4. LESSONSLEARNT

One of the maor lessons learnt from Singapore's experience must be the importance of
remaining adaptable and ready to make changes to the congestion pricing scheme. In that way, those
specific groups which contribute to traffic congestion on the roads can be targeted through, e.g., the
Orchard Cordon to deal with shopping traffic and the New Pricing Line that passes through the city to
manage intra-city traffic.

The rationale for congestion pricing should be robust and supported by motorists red-life
experiences as they travel on the roads. In Singapore, travel speeds experienced on the roads under the
influence of the ERP pricing gantries are used to decide on the introduction of ERP and the adjustment
of rates. The provisions to make adjustments to the rates six times a year, in order to deal with
changing and seasonal traffic patterns when they occur, is useful for convincing motorists that the road
pricing scheme is a traffic management tool and not a revenue-generating one. Ultimately, the scheme
should be technically and logically robust. It should also be kept simple, so as to allow all users to
easily understand why and how road pricing schemes work.

While a congestion pricing scheme may be justified from a technical perspective and can be
rationally argued for, utmost importance must be given to communicating the rationale of the scheme
to road-users and the communities, including businesses. There is never too much communication and
publicity when it comes to road pricing schemes. In Singapore's case, even with intense publicity and

IMPLEMENTING CONGESTION CHARGING — © OECD/ITF 2010



THE SINGAPORE EXPERIENCE: THE EVOLUTION OF TECHNOLOGIES, COSTS AND BENEFITS - 65

communications, there are still instances where motorists claim ignorance or continue to challenge the
validity of the scheme.

There should aways be viable alternatives for motorists who decide not to pay the congestion
pricing charges — it might be an aternative route or time of travel. For those who decide not to drive,
there has to be a viable public transport alternative. In the latest revisions to the ERP pricing strategies
in 2008, significant effort was expended to increase public transport capacity, with premier buses
(private buses offering seated services almost from door-to-door during peak periods), reduced
headways on public buses and on the underground trains and expanded bus lanes and bus priority
schemes.

In addition, congestion pricing schemes should not be seen as a means to increase government
revenue. There should be corresponding reductions in taxes or expenditures by the vehicle users,
which should be equal or greater than the expected revenue from the road pricing scheme. In the
recent road pricing changes made in 2008, vehicle taxes were reduced by about $110 million per year,
and this was much higher than the expected $70 million increase in ERP pricing revenue. The
challenge is to get the motoring public to retain this idea of a reduction in vehicle taxes being a
beneficia trade-off for them, as, unlike the ERP charges which recur amost on a daily basis, this
reduction in vehicle taxes is either a one-off occurrence (at the time of purchase of the vehicle) or
annua or semi-annual (the road tax is payable once a year or once every six months).

Congestion pricing schemes are not the ultimate solution to traffic congestion in urban areas.
Ultimately, it has to be a combination of schemes. Travel demand has to be managed in other ways
too, eg.through proper land-use planning and decentralisation policies, parking policies,
car-ownership policies (in Singapore, this is the Vehicle Quota Scheme) and an increasingly more
effective (public) transport alternative. Road network capacity must still be improved but perhaps
more selectively, and technology used to continuously optimise the available capacity. This includes
appropriate resources to deal with obstructions caused by accidents and traffic incidents on the road
network, as delays in clearing these obstructions will only mean more congested roads in the network,
with or without congestion pricing.

5. CONCLUSION

Since congestion pricing was introduced to manage traffic on Singapore's roads in 1975, there
has been a recognised need for the pricing strategies used to keep traffic flowing to continually evolve
in order to meet changing traffic conditions. The pricing strategies also have to be sensitive to the
specific needs of the community, be they shoppers or office workers. Over the past 35 years,
Singapore has been refining and adjusting its pricing strategies to meet the changing circumstances,
but the principle of congestion pricing as a traffic management tool to tackle traffic congestion has
remained unchanged.
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NOTES
1 Mass Rapid Transit/Light Rapid Transit.
2. The fees mentioned in this paper are in Singapore dollars and, as at December 2009, the
exchange rateisUSD 1 = S$ 1.40.
3. GPS-based technology for road pricing was not available at that time, and hence the systems

considered then were based on the use of electronic transponders, each with its own unique
identifier code. Even then, the transponders available required vehicles to be travelling in a
single queue, while the requirements we had were for a free-flowing multi-lane solution.
Three contractors were short-listed and their solutions tried on newly-completed and
unopened stretches of road. The Government provided funding of S$1million to each of the
three contractors, to mitigate their risks and cover part of their expenses. The transponder, or
IU, was designed to deduct congestion charges directly from smartcards, primarily to deal
with the issue of privacy, since transaction records need not be kept by any central computer
system, only stored in the inserted smartcard.

4. The computation of these optimum speed ranges are based on speed-flow curves, derived
from empirical data collected on expressways and arterial roads. The lower speed threshold
is avalue close to the optimum point of the speed-flow curve that gives the maximum traffic
flow. On expressways, this is 45 kmv/hr and on arterial roads, 20 knv/hr. The lower value for
arterial roads is due to the presence of traffic signals and side-friction caused by various
road-side activities, such as on-street parking and passenger pick-up or drop-off. The upper
speed thresholds were chosen to allow stability in the ERP rates, as too narrow a range is
likely to give oscillating ERP rates each time they are reviewed.

5. About S$100 million ayear were collected with the ALS, just before it was fully replaced by
the ERP system in September 1998.
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1. INTRODUCTION

Congestion pricing has been advocated for a long time as an efficient means to reduce road
congestion, without much success in practice. In the last few years, however, congestion pricing has
been introduced in various forms, with London and Stockholm attracting the most international
attention, starting in 2003 and 2006, respectively.

The Stockholm experiences have attracted widespread attention from many cities that consider
introducing similar schemes, and the people involved in the development and evaluation of the
Stockholm system (including the author, who was responsible for the design of the charging system
and forecasting its effects, and who subsequently chaired the Expert Evaluation Panel) have acted as
advisors to many policymakers from cities and countries all around the world. This paper is based on
these experiences. A number of questions repeatedly surface in discussions with policymakers,
politicians and planners. A number of facts and insights repeatedly turn out to be especially relevant,
interesting and, to a certain extent, surprising. The purpose of this paper is to summarize these
questions, facts and insights, for the benefit of cities considering congestion charging schemes.

The paper draws from already published material (see Section 6 - References). In fact, a reader
already familiar with the congestion charging literature will find few completely new findings or
insights. The contribution of the paper is rather the selection of the most relevant, interesting,
important and sometimes surprising facts, insights, findings, advice and conclusions for policymakers,
out of avast literature on congestion charging in general and Stockholm in particular.

It should be stressed that the paper is not meant to be a comprehensive survey of theory or
experience. In fact, the aim has been to keep the paper as short as possible, in order to focus on the
most relevant facts: the key issues and advice that should be emphasized to policymakers as early as
possible.

It is necessary to consider three areas for a successful congestion charging implementation. First,
the charging structure needs to be well designed, in order to achieve large social benefits. Thisis the
topic of Section 3. Second, investment and operational costs must be kept low, as discussed in
Section 4. Third, one must obtain public acceptance for the system. Thisis covered in Section 5. The
paper starts (Section 2) with some fundamental facts about congestion charges — why they are needed,
how they work and their general effects.
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2.BASIC FACTS: WHY AND HOW IT WORKS

This section covers issues related to why congestion charges are needed, what they can and
cannot do, and what effects charges have on traffic.

Congestion cannot be eliminated by investments alone

It is a well-established fact, both theoretically and empirically, that investments in road and/or
public transit is not sufficient to eliminate road congestion in the centres of large cities. There are
several reasons for this: two of the most important from a practical point of view are the inevitable
eventual scarcity of urban land and public resources.

Congestion charging will not solve everything

Introducing congestion charging will reduce the need for transport investments but, generaly
speaking, not eliminate it. Normally, a growing urban region will need both congestion charging and
transport investments (both roads and public transit). Obvioudly, cities are different as to what
investments are the most cost-efficient and the most needed.

Only introduce congestion char geswhen they are needed

This may seem obvious — but in fact, one is sometimes confronted with cities with virtually no
road congestion that are nevertheless considering “congestion charges’ (there are several current
Swedish examples of this). The purpose may instead be to raise revenues or reduce traffic emissions.
Generally speaking, there are usually more cost-efficient ways to do such things than introducing
congestion charges' — not | east because a charging system istypically afairly expensive investment.

Car driversare cost-sensitive

At least a sufficient majority of them. This means that increasing the cost to drive a car at certain
places at certain times will decrease the number of drivers choosing to drive there and then. How large
a decrease depends on the ease of adaptation —in other words, how many good alternatives there are.
Alternatives may be other time periods, modes, routes, destinations, etc. It is imperative to keep as
many options open as possible to achieve good traffic reduction effects —but it is up to the drivers
themselves to choose how to adapt.

There are many waysto adapt

Not al car drivers who change due to the charges will switch to transit, nor to other routes or time
periods. Route and mode changes are far from the only adaptation strategies. Trips, especialy
discretionary trips (shopping, leisure, etc.) are not “replaced” in a simple one-to-one fashion. Many
people, traffic experts not least, seem to be unconsciously stuck with the assumption that there is a
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more or less fixed number of trips to be made, and that the effect of the charges should be possible to
sort neatly into categories like “mode change’, “destination change” and “departure time change”.
Especially for discretionary trips, adaptations are much more multi-faceted. This means that
commonly encountered statements, such as “congestion charging won't work in our city because our
transit system is too bad” or “...because we have no ring road”, are oversmplistic: there are many
more ways to adapt than changing mode or route.

Trafficisn’t just work trips

Work trips only make up a fraction of car traffic —a typical figure could be 40%, with the rest
being discretionary trips and professional traffic (where atypical figure could be 15%). Discretionary
trips are easier to affect, because there are more ways to adapt in the short run, and represent a
significant fraction of traffic, especially during afternoon peak hours, when congestion is often just as
severe as during the morning peak. Professional trips are very heterogeneous: some types are very
difficult to change, while some are not. Typically, values of time are very high, which means that time
savings for professional traffic will constitute a significant part of the travel time benefits. Despite all
this, it is common that the discussion focuses exclusively on work trips, both among planners,
policymakers and the general public. This is a mistake that suprisingly often confuses the discussion
about what congestion charging can do and how it may work.

Many car driverswon’t even know that they have adapted

In fact, many car drivers will not even know if or in what way they adapted. This is because
travel patterns are much less repetitive and stable than many people think. Many of the affected
drivers are “occasional car drivers’, who drive on the charged road perhaps a couple of times each
month. Other days, they use other modes, times or routes. These drivers will change “on the margin”,
and it will often be impossible to tell if and how they changed — they often won't know themselves.
Moreover, there are many other changing processes going on. People move houses and change jobs,
for example. After just a few years, it may be pointless to ask how a given person has “adapted”
- because the entire situation where travel choices are made has changed.

Retail effects are generally small

Fear of an adverse impact on retail inside a cordon is common. Large efforts have been made to
track such effects, only to conclude that they are very small or non-existent. There may be effects on
particular stores, especially if they lie close a cordon, but the average effect in an urban centre is
usually small. This should be evident, especialy in the long term: if the retail market inside the cordon
becomes less attractive, then floorspace rents will, in equilibrium, decrease to counteract this, making
the effect on the number of stores even smaller.
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3. GETTING LARGE BENEFITS: EFFICIENT CHARGE DESIGN

This section covers issues related to the design of the charging system — decisions such as where
and when to levy charges and how to forecast effects.

The goals have to be explicit and relevant

First, the system needs a goal. The goal may be to reduce congestion, improve air quality, yield
revenues, or a combination of such goas. Whatever the goals are, they need to be explicit. Moreover,
they should be quantified, at least to some extent. This quantification usualy has to be done in
co-operation between policymakers and traffic experts. setting up relevant goals and targets is harder
than most policymakers realise. Goals must above &l be relevant and consistent. Specifically, one
should at this stage not specificaly strive to make them easy to communicate to the public.
Communication is important, but comes later. The goals set at this stage are the ones that will be used
during the design process, and they need to be consistent and relevant, not necessarily easy to explain
or “sound good”. An example of a consistent and relevant goal that happens to be rather difficult to
communicate is. “to achieve maximal social benefit from congestion reduction” (perhaps given some
restriction on charge levels). A common example of a goa popular among policymakers and
communicators is. “getting more people to choose public transit”. This is not a relevant goa for
congestion charges, which should be obvious. (The relevant goal is to make less people choose the car
during congested hours. If they instead choose transit, that’s fine; if they prefer to adapt by cancelling
trips or changing departure times or destinations, then this is just as fine.) Choosing ill-formul ated
goals and targets will very likely cause problems during the design process, at the very least causing
confused discussions.

Designing the chargesisajob for experts

Designing a charging system is, as a rule, a very difficult task —how difficult depends on the
topography of the city. (For example, in Stockholm it is reasonably easy, with the worst congestion
problems located along a natural cordon, while Gothenburg is difficult, with congestion problems
spreading out from a complicated multiple-arterial junction.) It is absolutely necessary to have
sufficient time, and access to a reasonably good transport model. If one has access to design
optimisation tools, this can come in very handy. Even given this, it will be difficult. In particular,
intuition and prior knowledge in general will not be sufficient, even for experienced traffic planners:
transport systems are simply too complex.

There will amost certainly be surprises, and the first attempt at a charging system design will
most likely not be optimal or even good —it may even make congestion worse overall by “moving
congestion around”. The system design is an iterative process, where involvement of politicians does
not help. This is why it is so important that goals are stated clearly at the outset. Design and
goal-formulating, idedlly, are part of an interactive process as well: it is likely that some goals or
(more likely) some design restrictions were forgotten at the outset. But this does not change the basic
premise that, while formulating goals and restrictions is a job for policymakers, designing the details

IMPLEMENTING CONGESTION CHARGING — © OECD/ITF 2010



SO YOU' RE CONSIDERING INTRODUCING CONGESTION CHARGING? HERE'S WHAT YOU NEED TO KNOW - 7 {

of the system — locations and levels of the charges— is a job for experts. An ill-designed system may
not only be “sub-optimal”; it may likely cause more problems than before.

Y ou need a good transport model

(This section is important for experts designing a charging system, but policymakers and general
planners can skip this.)

Most transport models are constructed for other purposes than modeling the impact of congestion
charging. Certain shortcomings of most current models become especially important in the context of
congestion charges, and one needs to be aware of them. First, the value of time differs between
vehicles, but this is often neglected in the assignment step. Technically, one must use multi-class
assignment, i.e. divide traffic into several “classes’, each with a value of time of their own. The value
of time of each class will decide whether it is worth taking a detour to avoid a charge. Depending on
the topography, the value-of-time distribution over classes may affect results strongly. Often, there is
little evidence on the value-of-time distribution, so sensitivity analyses will play an important role.
Second, departure time choices and scheduling considerations are often sketchily implemented, if at
al. Obvioudy, this will underestimate the impact of a time-differentiated charging system, since the
opportunity to adapt by changing departure time is not reflected in the model. Less obvious, one may
underestimate traffic decreases during non-charged hours — since those trips are partly made up of
“return trips’, i.e. the second leg of a trip whose first leg was during the charged time period. Third,
static assgnment models, in general, will underestimate travel times in the presence of severe
congestion. Among other things, they will, by definition, neglect the effect of “spillback congestion”.
This means that during the design process, it may be better to focus on traffic decreases in known
bottlenecks, rather than to focus on actual travel times from a static traffic model (although travel
times need to be used as well).

Try to get political and legal capacity to adjust the system onceit isin place

Even with careful planning, surprises are likely to appear when the system starts. In the best case,
surprises are positive (in Stockholm, travel time improvements were larger than anticipated, for
example). But there may be negative surprises as well: e.g. unexpected “rat-running”. Because of this,
it isgood if one can obtain political and legal leeway to make minor adjustments to the system with a
minimum of delay and hassle. Politically, this will be easier if goals are clearly formulated: if so, then
it will be easier to seeif they are met or not, and if not, the system can be changed. The legal problem
may be harder to solve. In Sweden, for example, the charges (which are formally a state tax) have to
be decided by parliamentary decisions, which involves alot of time and political effort.

There is a conflict between “ effective” and “easily communicated” design, but erring towards
too simple seems more common

Policymakers often stress that they want a design that is “simple to understand”. While it is an
important consideration that the system must be sufficiently simple for the presumptive users to
understand, policymakers often seem to underestimate people's cognitive ability. The Singapore
system and the US “value pricing” roads, for example, appear complex at first glance. The charge is
finely differentiated by time and location and, on top of that, may change fairly often. Despite this, it
turns out that users are able to grasp and adapt to the system. Forcing the system to be too simple too
early in the design process is likely to cause design restrictions that are difficult to solve. The
reluctance of many politicians and planners to consider “over-complicated systems’ can lead to the
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point where the system becomes so simplified that it will not deliver the promised congestion
reduction. This will not only be a waste of resources —it will also lead to low acceptability of the
charges (we return to this below).

4. GETTING LOW COSTS:
EFFICIENT PROCUREMENT AND TECHNOLOGY

This section covers issues related to the investment and operations costs of the technical system,
in particular achieving a procurement process that keeps these costs down. Designing a cost-efficient
technical system amounts to more than just establishing a system that identifies cars: the difficult part
may be to construct cost-efficient payment channels, sort out the legal status of the charges, etc.

Clarify thelegal conditions early

Early in the techical design process, one must know the legal conditions. For example, what is
acceptable proof that a vehicle has passed a gantry? What possibilities to appeal must exist? The
answers to such questions will have important repercussions on the technical design; for example,
whether transponders can be the sole means of identification or not.

In Stockholm, a problem occurred that hopefully should be rare: midway in the procurement
process, the legal status of the congestion charge changed from a “municipal environmental charge” to
a state tax (alegal investigation concluded that it was illegal for a city to charge moving vehicles on
existing roads). This had many effects, including that the responsibility of the procurement had to be
changed from the City of Stockholm to the National Government. This considerably increased the cost
for establishing the system.

Consider the cost-efficiency of service level targets

Consider what the cost-efficient targets of service levels are, given the goals of the system, and
how different service levels affect the intended function of the system. Going from, say, 95% to 99%
or from 99% to 99.9% on any given service level may be a significant cost driver. In Stockholm, the
“up-time” of the system (measured as the share of “lane-minutes’ when the system was actually
registering passages) was required to exceed 99.9%. To meet this high requirement, the prime
contractor designed a system where (almost) every component was duplicated, spare parts were
obtained in large quantities, trained staff were made available to do on-site service with short notice,
and technical IT support was initially on standby 24/7. Obvioudly, this increased investment and
operations costs. Moreover, it should be obvious that lowering the up-time requirement to, say, 95%,
would not affect the traffic-reducing effect of the charges. After al, travellers make their decisions as
to whether to drive or not based on the fact that they are highly likely to have to pay if they do so.
From this perspective, availability requirements could have been relaxed substantially, and thereby
aso system build costs, without losing any of the ultimate effect on the traffic situation. This
illustrates the principle of having cost-efficiency in mind when formulating technical system
requirements.
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Choose cost-€efficient payment channels

Each payment transaction comes at a cost, both in terms of convenience for the user and as a fee
from the financial service provider. Hence, alowing for aggregated monthly payments rather than
paying each passage individualy will reduce operating costs. Cash over the counter (in shops, for
example) might be necessary for user acceptance, but it is probably the most expensive form of
payment.

Handling transpondersis expensive

Transponder (or “tag-and-beacon”) technology is efficient in many ways, not least because it
alows complex charging structures and makes it easy for the driver. The production of many
transponders may be a significant cost driver, though, but less well known is that it is often a major
cost to administrate transponders. New cars need new transponders, cars change owners, and
transponders are lost, stolen and broken. In Norway, where over 40 different road toll schemes are in
operation, transponders are used in some, while others are managed by manned tollbooths. And even
there, where the comparison technology is highly manual, there is a dight productivity advantage for
those not using transponders (Odeck, 2008). With today’s technology, cameras and Automatic
Number Plate Recognition (ANPR) can potentially reach a very high identification ratio, which offers
ample competition for any transponder-based solution. The Stockholm system started out as a
transponder-based system, with ANPR as an add-on for legal reasons, but it has relied on ANPR
exclusively for several years.

When doing a functional procurement, make sureto align cost and risk responsibilities

In Stockholm, the call centre, answering questions about the charges, was initially vastly
oversized, which was a major cost driver at first. Part of the reason for this was that if the call centre
would not meet its service quality targets (e.g. maximal answering times), then the prime contractor
would be financially penalised, while it was the buyer who carried the cost of call centre staff. Hence,
risk and cost were borne by different parties’, and the contractor had no incentive to increase its own
risk by cutting down on resources. If procuring a system as a function, one should make sure that the
party carrying therisk is also the one carrying the cost for risk mitigation, in all areas of the operation.

High political risks will weaken the public negotiating position, and will increase costs by having
the contractor requirea“risk premium”

In Stockholm, the stakes were high for aimost all the actors involved. Individual careers as well
as the prosperity of private firms and political coalitions was at risk, or at least perceived as being so.
This dominated the context in which the project was carried out, and it was under the influence of this
risk environment that decisions were made. There were many unknown factors that were thought to
kill the project on their own. Above al, if the system did not work, or was perceived not to work right
from the start, it would almost certainly be abolished immediately. Thisisat least a partial explanation
of cost drivers such as the oversized call centre, the excessive service level requirements, etc. It all
goes back to intense political pressure and high political stakes: the outcome of the next election
would depend on the outcome of the trial, perhaps not only in the city but also on the national level.
This meant that the public negotiating position was weak — the system had to work, and it had to be
finished on time. Obviously, such a situation creates opportunities for a contractor to charge more
money. For the contractors, a failure —even if not due to mistakes of their own — could be potentialy
disastrous for future business. This means that contractors will require a risk premium to even engage
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in the work of constructing the system. Hence, the lesson is that a stable political environment and
ample time to plan and implement the system will keep costs down.

5.GETTING PUBLIC ACCEPTANCE

This section covers issues related to public and political acceptability. It draws from the
conclusionsin Eliasson and Jonsson (2009).

Acceptability decreaseswith detail but increaseswith familiarity

Support for congestion charging often follows a typica pattern. The figure below shows the
principle.

Support

Idea Start Acceptancé
Details Advantages

A fairly large fraction of the population is generally willing to support the idea of congestion
pricing. How large this fraction is depends on how the question is formulated and framed —for
example, revenue use, the purpose of the charges and what policy alternatives it is contrasted against,
al matter. But once a detailed proposal is worked out, support generally decreases. There may be
several reasons for this —for example, that the disadvantages suddenly become more evident than the
potential advantages, or fears that the technical system will not work or become very expensive. This
Is sometimes summarized in the formula: “acceptability decreases with detail”. But once the system is
in place, support will generally increase, which is often summarized as. “familiarity breeds
acceptability”. There are probably several reasons for acceptability to increase through familiarity with
area system. One oft-quoted reason in Stockholm was that the positive effects on road congestion and
the urban environment were much larger than most people expected. A second, also oft-quoted reason
is that the public fear that travel costs will increase more, and/or their travel patterns will have to
change more, than is actually the case. Once the charges are in place, many people may realise that the
charges do not in fact affect them as much as they had thought. A third reason is the psychologica
effect known as cognitive dissonance, a phenomenon that can be simply summarized as: “accept the
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inevitable’. In other words, once the charges are in place, it is less worthwhile to spend energy on
opposing them. A fourth reason may be decreased reluctance towards pricing a previously unpriced
good. There is evidence that people in many cases do not like prices as an alocation mechanism. But
once familiar with the thought that road space isin principle a scarce good that can be priced — much
like parking space or telecommunications capacity — this reluctance may tend to decrease.

Plan the political process accordingly

The genera acceptability curve above has implications for the political process. For a successful
implementation, one needs to avoid having elections when support for the charges can be expected to
be at its lowest. In London, the election was held before the details were completely worked out; in
Stockholm, a referendum was held once the charges had been in place for alittle more than half ayear
(in fact, support then continued to increase, so a later referendum would probably have been preferable
from the point of view of charging supporters). This can be contrasted with Manchester and
Edinburgh, where detailed proposals were worked out (support fell, just as could have been expected)
but charges were not implemented before a referendum was held. In both cases, the referenda rejected
the charges.

The system has got to deliver benefits

In Stockholm, the most important factor explaining attitudes to the charges turns out to be the
perceived effect of the charges —in particular less congestion. People agreeing that the charges have
had positive effects are much more likely to support them —which is of course to be expected. Even if
one should not confuse “perceived” effects with “objective’ effects — since attitudes influence which
effects are actually perceived — it seems clear that achieving objective effects is necessary to reach
acceptance. This underscores the importance of designing the system carefully and only using
congestion charges when congestion really is a problem. Moreover, it seems likely that measuring
effects and communicating the results through, for example, the kind of scientific evaluation carried
out in Stockholm will increase the awareness of positive effects — provided, of course, that there are, in
fact, positive effects.

“Branding” matters

In Stockholm, the charges were, to a certain extent, marketed as “environmental” charges. The
charges did certainly have environmental effects (in particular on emissions in the inner city), but this
effect was dwarfed by the very large effects in terms of congestion reduction. It turns out, however,
that voters' environmental concerns were an important factor for the acceptability of the charges.
(Interestingly, data shows that it seems as if it is not environmental behaviour per se that is important,
but the self-image of being an environmentally concerned person.) Thisisin line with findings in the
literature that social horms of this type influence acceptability in general, and that support depends not
only on the “objective’ characteristics of the measure itself, but also on the defined objective of
congestion charges. Moreover, several authors have found that it is not just perceived individual
benefits that determine acceptability: perceived social costs and benefits can also strongly affect
acceptability. Hence, the “branding” of the charges matters —how they are marketed, explained and
perceived. In Stockholm, “re-labeling” congestion charges to “environmental charges’ and
emphasizing their positive effects on air quality may very well have had an impact on acceptability.
Other cities may employ different strategies, but the general conclusion remains: it is important how
the charges are “branded”. A condition for this to be possible is that the system design is well aigned

IMPLEMENTING CONGESTION CHARGING — © OECD/ITF 2010



82 _ 50 YOU' RE CONSIDERING INTRODUCING CONGESTION CHARGING? HERE'S WHAT YOU NEED TO KNOW

with the stated purpose of the charges. A system branded as a “congestion charges’ system, for
example, should not levy charges where or when there is no congestion.

Car dependence and transit satisfaction seem to matter lessthan many believe

Analysis of attitude data from Stockholm shows that, as expected, car dependence decreases
support for the charges while transit satisfaction increases it. Somewhat surprisingly, it is a less
important factor than environmenta attitudes and perceived effects of the charges. Econometric
simulations on this data show that even with a fairly important level of car dependency, support stays
relatively high. Moreover, residential |ocation zones hardly matter once the other factors are controlled
for. Thisis surprising, since the consequences of the charges in terms of, e.g., tolls paid differ quite a
lot depending on residential area. Other analyses, though, have shown significant impacts on voting
behaviour from the changes in travel times and travel costs of voters' residential zones. The evidence
Is not conclusive, but it seems that “self-interest” variables such as car and transit use matter less than
one might think initialy.

“Fairness’ can mean many things

The“fairness’ or “equity” issueis aways important. Initially, the dominating perspective is often
“before-after”. In other words, how do travel costs (and perhaps times) change for different groups
- high- vs. low-income, men vs. women, inner city vs. suburb residents. At least in cities with decent
transit shares, it is often the case that the “rich” will pay more than the “poor”, with middle-income
groups “suffering” the most, relatively speaking. But once the charges are in place, another
perspective becomes more important —“fair pricing”. In other words, what price is “fair” to charge?
From this perspective, it is “fair” that one pays more to drive on a congested road or to cause
emissionsin densely populated areas — irrespective of income or place of residence, for example.

“Winners’ and “losers’ becomeincreasingly difficult to identify over time

As discussed above, travel patterns are not static. Not even the context —workplace and residence
location, for example— is constant over the span of a few years. This means that, over time,
identifying “winners’ and “losers’ will become increasingly meaningless. The charges will have
changed from being experienced as an “external shock” to being a factor considered when making
choices of workplace, travel mode, etc. Hence, the question of who “wins’ and “loses” is only relevant
in the short term.

Power issues may be decisivefor political acceptability

From the politicians perspective, often a decisive question is who has the power over revenues
and charge levels. If it is at the nationa level, then regions and cities will obviously be much more
reluctant to introduce charges. But even if the region keeps the revenues, another issue is important:
how the existence of this new revenue stream affects the complicated negotiation between national and
regional levels about nationa infrastructure grants. In Norway, the state “matches’ income from
regional charges with national funding. A recent trend in Sweden is that regiona funding is
“leveraged” with national funding. The regional funding often comes from charges called
“congestion” charges (which in most cases is a terrible misnomer). This has made “congestion”
charges much more popular among politicians, which shows the importance of the ingtitutional context
and incentives.
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NOTES

It should be pointed out, however, that road user charging may be a cost-efficient way to improve
air quality in urban centres.

To be fair, it should be pointed out that this misalignment of costs and risks was an exception in
the Stockholm procurement.
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ABSTRACT

In January 2006, a system for congestion charging was introduced in the City of Stockholm,
Sweden. The charging scheme was run in the form of afull-scale trial for seven months, after which it
was deactivated, awaiting its evaluation and an advisory public referendum. Several parties, including
representatives of the scientific community as well as media and special interest groups, have analysed
and evaluated the system. A recurring theme in severa of these analysesis that the cost to build and
operate the system was excessive, compared to costs for other road charging installations.

This study revisits some of the key project participants and archive data, to provide a deeper
understanding of what were the major cost drivers and whether it can be lower in future installations.
The approach taken is to emphasize understanding of the particular circumstances rather than
comparing aggregates with other seemingly similar systems. A main conclusion is that the political
context, with a tight time plan and very high political risks for all involved, were key factors for the
eventual costs of establishing the system.

1. INTRODUCTION

It is well known that optimal road pricing on a congested road will yield a socia surplus. From
this surplus, however, costs for investment and operation of the road pricing system must be
subtracted. Since these costs can be large, it is necessary to carefully investigate the cost side of road
pricing.

The Stockholm charging system was introduced as a trial for the first seven months of 2006.
After a subsequent referendum, the system was reintroduced permanently in August 2007. The system
has been portrayed as an expensive installation in the media and public debate. The initial cost,
including the seven-month trial, was indeed 1 800 million SEK (approx €180 million) for the technical
system alone. But does that make for an expensive endeavour? If so, compared to what? The aim of
the paper is to provide for a deeper understanding of what were the major cost drivers, why the cost
ended up the way it did and whether it can be lower in future installations. Thereby, the question
“what is expensive?’ can be better answered, and more importantly still, the lessons learned can be
better harvested by those who consider investing in congestion charging in the future.

The question of costs can be seen from two different perspectives. One is the actual situation
when the system was constructed and implemented, given the then-current context and knowledge.
Another is the ex post perspective — whether costs are high given the knowledge and context available
afterwards. The first question is interesting from a historical perspective, while the second is relevant
for other cities considering road pricing. By analysing how the specific Stockholm context affected the
system costs and the implementation process, the intention is to shed light on both of these questions.
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The methodology and sources are described in Subsection 1.1. Section 2 briefly outlines the story
of the Stockholm congestion charging system and its design, with a particular focus on some claims of
cost and costliness in the public debate at the time. In Section 3, various cost items are examined,
beginning with those most often highlighted in the media and public debate, and then those identified
by the stakeholders involved in the project. Each cost item or cost driver is discussed, both in the
then-current context and viewed from an ex-post perspective, and alesson is formulated. In Section 4,
observations are synthesized and conclusions drawn.

1.1. Sourcesand methodology

Theinitial investment and the operation during the seven-month trial was managed as one unified
project, with one prime contractor managing the technical design, implementation and operation of the
system during the entire trial. Therefore, it is dubious to make any clear distinction between
investment and operational cost.

Discussing costs in general, and what is expensive in particular, requires quantitative measures.
Wherever possible, costs are presented in monetary terms, or in some comparable resource
quantification. However, the focus is not on determining quantities exactly, but rather on
understanding the significance of each cost driver and what can be learned from it for future cases.

The two main types of source used are archive documents from the Swedish National Road
Administration (Swe: Vagverket) and the Swedish Transport Agency® (Swe: Transportstyrelsen), as
well as interviews with key stakeholders. The archive data includes tendering documents, contracts
and official communication between the contract parties. In accordance with Swedish public law, any
document received byo a government agency must be recorded and made available for the public to
view, unless it has been classified as secret. In this way, the author has been able to obtain and
examine alarge number of documents, from the early tendering through the entire project delivery.

Interviews were carried out with key stakeholders representing the City of Stockholm, who
initiated the procurement and wrote the specification requirements for the system, the Road
Administration, the ultimate buyer and owner of the system, and IBM, the prime contractor. Each
interview took between one and two hours. The representative from IBM was interviewed via
telephone without sound recording, while the other interviews were made face-to-face and
sound-recorded.

By going through the documented material and interview comments in chronological order, it is
possible to recreate much of the situation as it was when each decision was made, including what
information was available at the time. This has been key in offering any judgement as to whether
taking on a particular cost item was called for or not. The summary of each area presented here is
based on a synthesis of al interviewees and the supporting documentation. Each interviewee has been
presented with the full text, and been asked to comment not only on direct citations, but also on the
interpretations made.

During the implementation phase of the Stockholm congestion charges, the author was employed
by the prime contractor, IBM, and involved in the system design of the system. Therefore he has a
basic understanding of how the system works, and may also have some interest in portraying the
project as more successful than if he had a different background. It has been his ambition to counter
any such tendencies, firstly by requesting frequent and critical examination of the work in progress,
and secondly by ensuring that any information presented, even if known to him beforehand, is either
stated officialy by an interviewee, or confirmed by publicly available project documentation.
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2. BACKGROUND

2.1. The Stockholm congestion char ges

Between 3 January and 31 August 2006, congestion charges were being tried out in Stockholm,
Sweden. After the 2002 genera eection, the Green Party ended up with the balance of power both in
Stockholm’s municipa parliament as well as in the national assembly. The Green Party wanted to
introduce congestion charging permanently, and the Socia Democrats had made an explicit promise
not to introduce them. (Instead they wanted to have a referendum based on a detailed suggestion prior
to any implementation.) Implementing the charges in the form of a trial was the result of a
compromise, determining whom the Greens were to support to form the next Government. After the
trial was ended, it was agreed, after some pressure from the opposition, that there would be an
advisory referendum, where the people of Stockholm would have their say in making the charges
permanent or not. The referendum was scheduled on the same day as the next general election,
17 September 2006. Before that day, a scheme was to be designed, a system procured and installed,
and then run in full-scale operation for “several years’, according to the original agreement. (See
Gullberg and Isaksson, 2009, for a detailed record of the political proceedings.)

After aseries of legal delays, the “several years’ were reduced to seven months, but in most other
key aspects, the trial was executed as planned. After the yes-side had won the referendum held in the
city of Stockholm, the system was made permanent, and has been in operation since August 2007.

Practically, the congestion charges were implemented as a cordon around the city, with gantries
across all entries and exits. Cars passing in and out were identified using a combination of cameras
and transponders. The price for a passage varied between 10 and 20 SEK depending on the time of day
(approximately 1 and 2 €), with the highest charge during peak hours. Nights and weekends were free
of charge.

Users had to pay the charge within five days after their passage, and they could choose from
direct debit from their bank account (this required that they use a transponder), manual bank payment,
and cash-over-counter at convenience stores from two widely-spread chains.

2.2. Project environment

Information technology projects in general have a bad reputation for delivering late and above
budget, and IT used for road tolling is no exception. The German truck tolling system, TollCollect,
was initialy planned to be launched in 2003, but after a series of technical, managerial and political
problems, it faced delays of more than two years. During that time, the German Federal Government
lost toll revenues corresponding to €3.5 billion, in addition to receiving a flood of bad press, badly
hurting both the German Government and the contractors responsible for building the system
(The Economist, 2004; Wieland, 2005; Deutsche Telecom, 2008).

The TollCollect story was an ongoing drama in paralel with the political process leading up to
the Stockholm congestion charges, underlining the magnitude of the risk for anyone involved.
Politically, afailure of any sort had the potential of tipping the next general election, locally aswell as
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nationally. According to Gunnar Stderholm (2009), who at the time was one of the leading civil
servants involved at the municipa level, the centre-right political opposition in Stockholm was so
certain that the congestion charges would be a failure, that the decision to introduce them was
considered the “higgest political suicide in history” (aview they shared with several people on the | eft
as well) and al they had to do, they thought, was to “stand back and watch the Left-Green coalition
commit it”.

However, risk was not limited to the political sphere. The prime contractor selected, IBM, was
under pressure as well. The procurement contract included stiff penalties, in order to align the buyer’s
incentives with those of the supplier (Road Administration, 2004, pp. 19, 23, 30). According to
Gunnar Johansson (2009) of IBM, however, the large pendlties for project delay and performance
losses detailed in the contract, were still considered a smaller risk to the firm than the negative effects
on the corporate brand following a possible failure. The weekly engineering newspaper, Ny Teknik
(2005), saw the risk, and gave their verdict even before the system was launched. They dubbed it
“Sweden’'s least profitable IT investment in history”, three weeks before its implementation. Not
delivering on time, or launching a system that produced incorrect tax claims, would hurt the company
nationally among customers of all industries, and globally as a supplier of road tolling solutions,
according to Johansson (2009).

[IBM’g] future as a player in the international road user charging arena was at stake.
If we had failed in Stockholm, we would not have been able to compete for any road
charging bidsin the future.

Johansson (2009)

Adding fuel to the fire, the political and media debate was intense and aggressive. Birger HO0k
(2009) of the Road Administration and Gunnar Sderholm both stress that this was far beyond what is
norma in the Swedish debate on transportation infrastructure. The Automobile Association
(Motormannen) and the Stockholm Chamber of Commerce (Handel skammaren) took the lead among
the non-party-tied associations and issued pamphlets, a campaign website (tullvalet.se), and discussion
articles in the newspapers. The campaigns routinely resorted to hyperbole and scare-mongering in
their argumentation. For example, the Chamber of Commerce claimed that the design of the system
was to lure people to vote yes, after which the charge levels would “ soon be both doubled and tripled”,
and that new charging stations would appear al over the city (Stockholm City, 2006).

| don't know where [the Chamber of Commerce] got their numbers [..] there is
nothing that is correct about them. | think this is more a question of feelings than of
facts.

HoO0k (2009)

During the early phases of the project, failure seemed almost inevitable, among authorities as
well as in the media. The Tax Authorities actively went to the press, warning that congestion taxes
would lead to children being indebted by an assumed widespread tactic, where parents were expected
to register their children as owner of their vehicle and then refuse to pay the tax (DN, 2005a). The
National Collection Agency (Swe: Kronofogden) estimated that some 6 000 cases would be passed
over to legal collection every day (DN, 2006; SvD, 2005). And the daily Aftonbladet (2005) ran on
their first page their own estimates that 85% of people would attempt to cheat the system so as to
avoid paying.

Next to those who hoped and believed that the project would be a dismal failure, were some who
were in favour of congestion charging in general, but who feared that this particular implementation
would do more harm than good. The reasoning was that if the system failed here, then no palitician
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would dare touch the idea again for decades to come. So pressure on the project mounted not only
from those who opposed it in general, but also from those who supported it in principle (Soderholm,
2009; Johansson 2009; DN 2005b).

In reality, none of these fears materialised. The system started as planned on 3 January 2006. The
cost per passage is still unchanged as of 2010. Fewer than 600 cases were sent to collection during the
entire seven-month trial combined (Soderholm, 2009), and the level of cheating was barely
measurable (H66k 2009; Johansson 2009). But it is not under the soothing influence of hindsight that
the project was carried out, but under the pressure of the fear and defeatism present at the time.

In summary, the stakes were high for ailmost al of the actors involved. Individual careers as well
as the prosperity of private firms and political coalitions were at stake, or at least perceived as being
so. This is an important aspect to bear in mind, as it dominated the context in which the project was
carried out, and it was under the influence of this risk environment that decisions were made.

2.3. Costsand cost estimatesin resear ch and media

The morning daily, Dagens Nyheter (DN), ran a series of articles in 2008, with the common
theme of the high costs of the congestion charging system. DN (2008a) compares early estimates of
800-900 million SEK for investment and 100 million SEK for annual operation, with their own
estimates of final coststotalling at 1 800 million SEK in investment and 380-400 million SEK per year
in operation. These “early estimates’ are found in a report from Transek (2003), outlining a possible
system design and its consequences. A doubled investment cost and a quadrupled increase in operating
costs surely seems a noteworthy cost overrun.

To understand this discrepancy, let us start with the consultancy report, where the first estimates
were made in April 2003. The main focus of this report is to suggest a high-level scheme design. Cost
estimates make up only one paragraph of the report, and they are labelled as “very uncertain”
(Transek, 2003, p. 15). Transek used two sources for preparing those early estimates, both of which
are likely to underestimate real costs. First, there were data from Norwegian road charging systems,
which are developed and operated in a stable political and legal context, with cost minimization as
their main focus, and many of which had had more than a decade in which to trim their operation.
Second, were data from equipment manufacturers, who have an incentive to underestimate such costs
as part of their pre-sales process.

Furthermore, in the time between the publication of the first consultancy report (April 2003) and
the eventua parliamentary budget decision (16 June 2004), the scope of the system changed in
important ways, from being a municipal environmental fee, similar in function to the Oslo tall ring, to
a national congestion tax with a partialy different view of how the technology (especialy the
transponders, see below) was to be used. Hence, the early cost estimates were not only uncertain, they
were also estimating a different system than the one later decided upon.

In the same DN article, the budgeted 380 million SEK for operational costs for the fiscal year
2008 are seen in relation to an estimated revenue of 750 million SEK. It is then concluded that about
50% of the revenue is spent on collection of the congestion tax. This kind of cost ratio is a commonly
used way of indicating the efficiency of aroad charging system, i.e. itstotal operating cost divided by
the revenue. If a system is spending a large portion of its revenue on the actual collection process, itis
argued, then the system isinefficient.
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A similar line of argument is also found repeatedly in the debate about the congestion charging
trial. In a report financed by the Royal Automobile Association, Prof. Ilja Cordi (2006) reaches a
similar estimate for the cost ratio of 50% for the Stockholm system. The same way of reasoning is
used by the Stockholm Chamber of Commerce (2005), which relates the 3 800 million SEK in total
cost for the entire trial (including improved transit and park-and-ride), to the 500 million SEK
estimated revenues during the seven-month trial, thereby implying a 760% cost ratio for the trial. In a
later report, they put an estimated 800 million SEK of projected income in relation to 1 200 million
SEK in projected annua costs, implying a cost ratio of 150% (Chamber, 2006). For comparison, a
corresponding cost ratio for the Norwegian toll ringsisin the range of 9-10% (Amdal et al., 2007).

By these cost ratio measures, the Stockholm system seems very expensive. Using the cost ratio as
a measurement of the efficiency of a congestion charging system is not completely relevant, however.
Firstly, the charge amounts collected bears no relation to the cost of collecting them. If a charging
scheme has a complex tariff structure with many exemptions and price levels, the cost of collecting the
charge will be higher without any related changes in the charge income level, and the cost rate will go
up. Likewise, if the charge level is doubled, there is no additional cost for collecting it, and the cost
ratio will go down. In neither of these casesis the cost rate afair reflection of the expensiveness of the
charging system.

Secondly, the Norwegian toll rings are primarily revenue-generating schemes, where the value
sought after is the money collected. To measure efficiency is to relate quantity of outcome to its
required quantity of input. Amdal et al. (2007) therefore rightly choose cost ratio as their primary
illustration of the toll operators' efficiency. But the desired outcome of the Stockholm system was not
primarily to collect funds, but to improve the traffic situation. Thus, the relevant ratio when measuring
the efficiency of a congestion charging system is to place the socia benefits of congestion reduction in
relation to the costs.

Outside of the debate in the media, a more serious attempt to measure efficiency has taken place.
Eliasson (2009) presents a social cost-benefit analysis, where the tax paid shows up first as a cost (as
taxes paid by car drivers), and second as a benefit (as tax revenue to the government). Instead of
seeing the tax itself as part of the outcome, positive effects are balanced against negative, where the
cost to establish and operate the system is the single largest line item among all costs, which isthen to
be compared to the value generated by reduced congestion, etc. In addition, Eliasson (2009) uses the
expected long-term operational cost, assuming that economies of learning will further reduce costs.
Using Eliasson’'s figures to generate a metric similar to the cost rate, yields 220/654 (34%) as a
measure of operational cost per socia benefit (in monetary terms). Reversely, each SEK spent on
technical system operation yields a return of 3 SEK in socia benefit, although these are not ratios
explicitly used by Eliasson. The assumed 220 million SEK of long-term costs have since been beaten
by redlity, and the system is likely to operate in the 180 million SEK range from 2010, reducing the
societal cost ratio to 27% and the financial cost rate to 21% (Lissel, 2009).

Unlike Eliasson (2009), another evaluation of the Stockholm system, carried out by Prud’ homme
and Kopp (2007), shows a negative socia surplus, primarily from using a different way to calculate
time benefits (see Eliasson, 2008). The principal view of costs and benefits, however, is similar to
Eliasson's, and the authors aso agree by emphasizing three factors necessary for a successful
congestion charging implementation; (1) a high degree of congestion, (2) low system installation and
operation costs, and (3) low marginal costsin public transit.

Even when ignoring the most politically biased interpretation of costs, it is clear that the cost to
build and run the system is an important factor in how it is to be evaluated. System cost is among the
most important line items, regardless of whether one is measuring the socia or financial cost ratio. To
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understand why the cost ended up the way it did, it is necessary to know more than system size in
terms of charging stations or number of vehicle passages. For the full picture, we need to factor in the
project environment, and the information avail able when the decisions were made.

The cost for the seven month trial period included items not related to the congestion charging
system per se, such as increased transit capacity, purchases of new buses and new park-and-ride
facilities. The total of al these costs amounts to 3 800 million SEK. This sum is sometimes quoted as
the “cost of the system”, although it apparently includes many other measures. The congestion
charging system and its supporting functions alone, which is what is included in this study, was about
half of that. The Road Administration’s budget for the trial, set soon after the legislation was finished
in July 2004, was 1 926 million SEK (H66k, 2009). For this amount, they obtained a system designed,
built and operated for seven months. Contrary to the impression given in media, this budget was never
completely used up (H66k, 2009). According to Eliasson’s (2006) estimates, 1 050 million SEK of this
was used prior to going live, which could serve as an indication of investment costs excluding
operation. Since the congestion charges were made permanent, operational costs have gradually
dropped, to 200 million SEK in 2009 and an estimated 180 million SEK in 2010 (Lissel, 2009).
Eliasson (2006) uses an older estimate of 220 million SEK/year in his analysis. It should also be noted
that included in the operational cost for the Stockholm system during 2007-2010 is the cost of
transferring the operation from the contractor to the agency’ s own data centre.

For comparison, these investments (including the operations during the trial) and long-run
operational costs, rough as they may be, can be put side to side with those of Oslo and London. Oslo’s
toll ring has been in place for a much longer time, and may not be fully comparable. However, it is
estimated, by leromonacho et al. (2006), to have cost only 208 million SEK to establish (using
1.23 SEK to the NOK) and 148 million SEK per year to run (see aso Fjellinjen, 2004, and Eliasson,
2009). It is difficult to compare with the costs of the London system, since costs for operations and
implementation were combined in a different way than in Stockholm. Oehry (2006) estimates
London’s investment costs to amount to 1 495 million SEK and its operational costs for the year 2005
to be 1 530 million SEK (at 11.50 SEK to the pound sterling).

Worth noting is the asymmetry between Stockholm and London. The Stockholm system is larger
in scope, and was dightly more expensive to put in place (taking the operation as included in the
investment cost), but costs only atenth to operate. This can partly be explained by the higher degree of
automated identification and payment processes in Stockholm, and partly by the fact that the London
system was procured differently from the Stockholm one, with the supplier carrying more of the
capita investment.
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3.COST ITEMS

This section lists a number of cost items and cost drivers, with a particular focus on
circumstances or cost items that may have caused investment and/or operations costs to be
unnecessarily high. Some of the claims of “excessive’ or “unnecessary” costs have been put forward
by external examiners, such as media or interest groups, while others have been put forward by project
stakeholdersin interviews.

For each suggested cost driver, the claims made are presented, followed by the author’s own
conclusions, based on comparison of the arguments presented, comparison cases and the
documentation available. Where relevant, an order of magnitude of the impact of each cost driver is
indicated. Finally, “lessonslearned” for future road user charging systems are formulated.

3.1. Oversized back office

A new call centre was set up to support the public with information about the charges, when the
system was active, who was liable for the charge, how to pay, as well as with user-specific payment
information and account status. Even though the Road Administration already had a call centre in
place for other purposes, a new, separate centre was built and staffed for the congestion charging trial.
Based partly on comparisons with the call centre used for the London congestion charges, it was
decided that the centre should be dimensioned to manage 30 000 calls per day, reaching atotal of 400
seats. Managers of the London congestion charging system then advised the Road Administration that
this might be too small (Soderholm, 2009). As it turned out, the numbers were vastly overestimated.
The number of telephone calls during the first few days of the trial reached about 10 000, and then
dropped to a steady rate of less than 2 000 calls per day. In hindsight, the cost for the call centre could
have been between 50% and 75% lower.

Similarly, the Tax Authority had staffed a new department for dealing with appeals and
complaints. Two managers, one legal advisor, four administrators and 27 clerks were assigned to deal
with an expected inflow of 1 000-1 500 cases per day. In reality, appeals and complaints barely made
up atenth of the estimates, and the department was quickly downsized again [ Dagens Nyheter, 2005z,
Dagens Industri (DI), 2006]. Y et another call centre was established in the City of Stockholm, staffed
with 15 people, to dea with political questions. Virtually nobody called, and that too was dismantled
(Soderholm, 2009).

The oversized back office is one of the cost items singled out for mention in the cost-benefit
analysis by Eliasson (2009). Dagens Nyheter (2008b) claims that this could have been foreseen, and
that it should have been obvious that the London comparison was not relevant, since the London
system used the call centre as a payment channel, unlike the Stockholm system, where payments were
managed by other means.

Mr HOok at the Road Administration agrees that they were probably pushed by the prime
contractor to employ somewhat more call centre staff than they would otherwise have done. This, he
reasons, had to do with the way the contract was designed: If the call centre would not meet its quality
of service targets, then the prime contractor would be financially penalised, while it was the buyer who
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carried the cost of the call centre staff. In this area, the design of the contract meant that risk and cost
were borne by different parties, and the contractor had no incentive to increase its own risk by cutting
down on resources (H66k, 2009).

It should be noted, however, that this separation of risk ownership and cost carrying in the case of
the call centreis atypica for the contract, which in al other major areas manages to assign the prime
contractor both the burden of the risk and the responsibility (and cost) for risk mitigation (Road
Administration, 2004).

DN (2008c, 2008d) even claimed that the prime contractor had deliberately inflated their invoices
to exploit the temporary monopoly they enjoyed. However, this is not something that the Road
Administration believes to have had any significant influence on the final cost level, referring here not
just to back office, but to all disputable cost items:

If we had put pressure on the supplier we could have saved a hundred or a couple of
hundred millions. [...] but it takes time and [...] our platform was not so good to
negotiate from. We wanted to have a functional system in operation for the trial. A
‘money-fight” would most probably only have ended up with delays and no system in
operation for the trial. One can consider whether it isworth entering such a fight.

Hook (2009)

Supplier incentives, however, are only one part of the answer to why the call centre was
oversized. At the time nobody knew how many people would cal, and with what kind of inquiries.
One of the risk scenarios considered was that large numbers of disgruntled citizens would call and
appea every tax decision made, and thereby flood the citizen service channels. This would then lead
to long waiting times, which would be portrayed as a project failure in the media. Given the heated
tone in the public debate at the time, this scenario was generaly believed to be plausible, and such
attempts might actually have taken place. But if they were, with a high capacity call centre in place,
they were unfruitful and discontinued.

Both H66k (2009) and Stderholm (2009) are of the opinion that poor service levels in the call
centre, and the bad publicity expected in response, would have been more than the project could bear.
In such an event, key people would quickly have pulled out their support for the project. Thus, a
potentially undersized call centre had on its own the potential to kill the entire project, they argued,
and therefore, it was preferable to err on the high side.

Yet another way of interpreting the overcapacity of the call centre is to see it as a sign of a
successful information campaign, scheme design and system functionality. The users of the system
knew more, and had to ask less than expected, about how the charge worked, and there were fewer
disputes and appeal s than expected.

Cost consequence: It is likely that the back office would have been equally good at keeping service
levels up and nuisance cadls at bay, even if the resources spent would have been cut down to half
during the trial period.

L essons learned: If procuring a system as a function, make sure that the party carrying the risk is also
the one carrying the cost for risk mitigation, in all areas of the operation.
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3.2. Transponderswere not really necessary

As part of the tendering documents, where suppliers were invited to bid for the design and
construction of the system, it was not explicitly stated that the offer had to be based on transponder
technology. It is, however, clear that this was the expectation of al key stakeholders (H66k, 20009;
Johansson, 2009; Séderholm, 2009) and that any bid not featuring transponders would not have been
favourably evaluated. So transponders were part of the winning bid, and a total of 700 000 units were
bought and 450 000 distributed to the users, and radio beacons were mounted on gantries at the
18 charging stations.

During the project’s implementation phase, a change order of major importance was issued (a
change order is an instruction to the prime contractor to adjust the specifications). The Ministry of
Finance, together with the Justice, Enterprise, Energy and Communications ministries, came to the
conclusion that under Swedish law, a transponder signal was not a sufficient basis for making a tax
decision. Instead it was found that a photo of the licence plate was necessary. Transponders were still
kept in the system, as the first tests with automatic licence plate recognition (ANPR) were only able to
interpret around 60-70% of the photos taken without manual assistance (H60k, 2009; Soderholm,
2009).

Transponders, which have aratio of automatic identification (ID ratio) close to 100%, could not
be made mandatory for legal reasons. Hence, the contractor initiated a focused development effort to
increase the identification ratio for ANPR and, after afew months of experimenting, they were able to
push the ID ratio of ANPR well above 90%, which was the effective level of identification when the
system went live in January 2006. After the end of the trial, when the system was re-launched in July
2007, the transponders were only promoted for users who wanted to be absolutely sure to get the
benefit of the Lidingd exemption (see below). Meanwhile, the ID ratio of ANPR had been pushed
another few percentage points, so that with a small amount of manual support the total ID ratio was
steadily between 95% and 99%. Findly, in late 2008, support for the last remaining transponders was
discontinued (H66k, 2009; Johansson, 2009; Soderholm, 2009).

The system had evolved from being transponder based at the time of the contract into gradually
being more and more reliant on photo-based identification. Since the charge is legally defined as atax,
making the vehicle owner liable, there is no need for a separate payment account, which a transponder
might be used to represent. The Road Administration already had in their possession a complete
registry with the names and addresses of all vehicle owners liable to pay, so identification of the
vehiclewas al that was required.

Even though the transponders were already bought and paid for, and the radio beacons installed
over the roads, there were still costs associated with managing transponders. New cars needed new
transponders, cars changed owners, and transponders were lost, stolen and broken. To save the cost of
managing transponders, the Road Administration decided to discontinue its support of them and rely
solely on photographic identification (H66k, 2009; Soderholm, 2009).

In hindsight, the entire transponder investment can be seen as an excessive cost item. But then it
must also be understood that relying solely on cameras, and reaching such high ID ratiosvia ANPR in
areal situation, was unheard of in the industry at the time. Nobody could have foreseen that this would
be possible, and even if some supplier had proposed such a system, it would have had a dim chance of
being selected (Johansson, 2009). (See also “Lidingd exemption” below.)

Perhaps the discovery of the high relative cost of using transponders was not so surprising. In
Norway, where over 40 different road toll schemes are in operation, transponders are used in some of
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them, while others are managed by manned tollbooths. And even there, where the comparison
technology is highly manual, there is a dight productivity advantage for those not using transponders
(Odeck, 2008).

Cost consequences: The cost for the radio beacons part of the ingtallation is not separated out in the
contract and invoices examined, so their cost can only be estimated by an order of magnitude as a
share of the cost for roadside equipment. The cost for transponders is easier to single out in the
archival material studied. All in all, 150-200 million SEK were spent on transponders and
transponder-related equipment and services.

Lessons learned: For anyone considering a congestion charging system in the future, it should be
clear that cameras and ANPR can potentially reach a high ID ratio, and offer ample competition for
any transponder-based solution. One remaining advantage of transponders is that they offer other
possibilities, such as the ability to use one payment account, represented by the transponder, between
different cars.

3.3. Excessive transaction costs

In the same series of Dagens Nyheter articles as cited above, two were spent on the issue of the
costs for payment transactions, paid via the prime contractor to the suppliers of financia services. In
extreme cases, DN (2008e, 2008f) showed that the transaction fee could even exceed the charge itself,
making a negative net for the government.

To understand the arrangement of payment transactions, one must first look at a remarkable
aspect of the congestion charge. The charge itself was defined as a tax decision, summarizing one
whole day of driving. Such tax decisions were made overnight, and were available to the drivers the
following morning, after which they had to be paid for within five days. Factoring in a little bit of
delay for making bank transactions, this meant that a frequent commuter had to make payments
several times per week, to be absolutely sure that the money was available at the Road
Administration’s account on the morning of the sixth day; otherwise a sizeable penaty would be

applied.

The reason for this cumbersome requirement was, at least in part, that the legislator had made an
overly ambitious interpretation of the concept of marginal pricing. The drivers should experience the
cost of using the road in direct relation to their decision to do so. And experiencing the cost was
interpreted as making the actual payment (Johansson, 2009; SGderholm 2009).

This rule, unique in the context of tax payments, had two negative consequences in terms of
costs. The first was simple: making one payment per day instead of, for example, one per month
multiplies the number of bank transactions with a factor of about 5°. Even if the Road Administration
obtained a bulk discount in the per-transaction fee from the bank, the total cost of dealing with such a
large number of transactions is deemed to be significant.

The second consequence was more elaborate: in order to make the most of the five days available
until the payment was due, and at the same time offering a convenient way to pay for occasional
travellers, the Road Administration exercised an option in the contract, to be able to pay cash over the
counter in retail stores. Two store chains, totalling over 400 outlets, were tied to the scheme, some of
which were open 24/7. A new point of sales application was developed, to make it possible for the
driver to look up the current tax claims just by stating a licence plate number, and to complete the
payment in less than a minute. The store chains gathered the total amount paid during a day and
transferred it with an absolute minimum of delay to the Road Administration.
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The retail chains thereby gave the congestion charging system two important, positive qualities:
it was possible to use amost the full five days to make the payment, and doing so was generaly a
swift and convenient experience. But for the Road Administration, this speed and convenience did not
come for free. Taking up time at the cashier’s desk in a busy convenience store means taking time
away when something else could have been sold, and the retail chains charged a considerable
transaction fee for it. The lowest tax decision was for a day with only one low-traffic passage,
equivalent to about €1.00, and the fee charged by the retail chain was dightly above that, creating the
bizarre situation where the Government made a negative net profit on any such payments.

Later, after the trid, the five-day period was increased to fourteen, but till with one payment per
day’s use of the roads, and then again in August 2008 the payment routines were changed to monthly
invoices. Thereby, the number of transactions dropped by 80% and are no longer a major cost
component (Transportstyrelsen, 2009).

Cost consequences: Bank payment transactions cost 10-20 times more by being charged by the day
instead of by the month. DN estimates the transaction costs for the retail chain cost the Road
Administration an excessive 50-60 million SEK per year.

L essons learned: Marginal cost pricing is not the same thing as marginal cost payment. Each payment
transaction comes at a cost, both in terms of convenience for the user and as a fee from the financial
service provider. Cash-over-counter might be necessary for user acceptance, but it is probably the
most expensive form of payment.

3.4. ThelLidingd exemption

East of Stockholm lies the idand of Lidingd, connected to the mainland by bridge. The only
passage between Lidingd and the rest of Sweden crosses the toll cordon twice. Hence, Lidingd’'s
inhabitants would be facing significantly increased driving costs — especially those commuting by car
to destinations outside the cordon, who would have to pay the charge twice per single trip. Many
considered this to be unfair. Severa possible solutions were aired in the debate, ranging from letting
them pay anyway, as they are in fact using congested roads, to entirely exempting Liding0 residents
from the congestion tax. Finaly, the compromise settled upon is to make journeys through the
congestion charging areato or from Lidingd free of charge. For this exemption to be valid, the journey
must be registered at one of the charging points facing Lidingd and any other charging point within an
interval of 30 minutes (Soderholm, 2009; Gullberg and Isaksson, 2009).

In principle, this is an elegant solution, requiring no pre-registration of users eligible for the
exemption. All motorists will have equal access to the exemption, no matter whether they are making
a visit to Lidingd from the mainland, or vice versa. Also, the rule decided upon makes sure that
Lidingd residents are still charged when Stockholm is the destination of their journey — two passages,
both registered at the charging stations by the Lidingd bridge, does not trigger the exemption. Elegant
as it is, this rule turned out to be a significant cost driver in the implementation of the technical
system, because it made the effective service level requirements higher than formally stated.

In the contract between the Road Administration and the prime contractor, it is established that
the minimum ID ratio is 95% (99.9% for transponder passages) and the maximum error ratio is 0.0001
(i.e. a maximum of one incorrect charge per 100000 passages) (Road Administration, 2004,
pp. 53-54). The design of the Lidingd exemption shortcuts these measurements, as it makes failed
identifications turn into overcharging: If a vehicleis driving from Lidingd through the city and out on
the other side, it generates two passage records. If both are correctly detected and identified, they
should cancel each other out, according to the Lidingd exemption. But if one of them is not identified,
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the other passage will turn into a liable charge. Thus, to reach the low error ratio target, the ID ratio
must also be very high. This may be a major cost driver, since identifying the remaining few per cent
often requires considerable manual labour efforts.

The scale of the problem rapidly escalates. If 5 in 100 passages are not identified, as allowed by
the ID ratio requirement, only 90.25% of exempted Lidingo trips are correctly identified at both
charging stations, 0.25% are captured by neither of the charging stations and that in 9.5% of the cases
one of the two passages is identified and a charge is incorrectly generated. There are more than half a
million exempted Lidingd trips each month, which would mean more than 50 000 erroneous tax
decisions every month. Clearly, the ID ratio could not be allowed to be nearly as low as 95%.

Cost consequences:. It is not possible to separate out how much of the system redundancy was caused
by this particular rule, but it is generally agreed that this aspect of the Lidingd exemption is one of the
key reasons for adding a camera to capture the rear of passing vehicles (in addition to the cameras
already taking pictures from the front), and it requires the system to run for longer hours each day.
H®Ok (2009) estimates the increased project cost as “a couple of hundred million SEK”.

L essons learned: When designing the price mechanism part of a charging scheme, make sure that
each passage is priced based on information from that passage alone and other information available at
the time, such as time of day and vehicle characteristics. Any pricing scheme using combinations of
passages for pricing will immediately be more sensitive to errors and drive up the performance
requirements of the system.

Additionally, service level metrics used in a contract benefit from being orthogonal, so that afailure to
meet one of them does not automatically spill over to another one.

3.5. Appeal of procurement and project standstill

Public procurement of large-scale projectsis strictly regulated by a directive in the Europe Union.
Chapter 7 of the Swedish Public Procurement Act (the version relevant at the time) details how a
procurement decision can be appealed, if one of the bidding parties experiences losses due to a biased
or unprofessional decision (SFS, 1992). When the Road Administration awarded the contract to
construct and operate the congestion charging system to IBM, their decision was sent to appeal by the
runner-up consortium, dominated by the Austrian group, Kapsch, a long-time system provider in the
road tolling business (Gullberg and 1saksson, 2009).

Thisled to a period of legal processing, where the decision went all the way through each level of
the three-tiered public court system. During a period of almost two months, 8 February to 30 March
2005, the contract award decision was inhibited, placing the project in legal limbo — the award was not
reversed, but nor was it affirmed. Awaiting afinal decision, the project had to be put on hold, although
the development work was aready well under way. (For a more detailed description of the legal
wrangling, see Gullberg and Isaksson, pp. 65-148.)

This put the Road Administration in a dilemma: The supplier’s team of people working on the
project had grown large and got up to speed, people involved had got to know each other and what to
do. If the team was to be dissolved, its members would be reassigned to other projects, and it would
take a long time to start the project up again. So the Road Administration decided to keep hiring the
full team, awaiting the final court decision, so that development could recommence exactly where it
had left off, once there was alegal go-ahead.
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During this period of standstill, there were to be no contacts made between the buyer and the
supplier. No project work was to be carried out during this period, at least not on instructions from the
Road Administration. But it is likely that a project with a tight time plan, suddenly given a ten-week
“holiday”, gains other benefits than merely some rest. Even without contacts with the Road
Administration, the prime contractor had an opportunity to catch up any delays already accumulated,
and to prepare for expected continued efforts.

In addition to the standstill period, the time needed for court proceedings also led to adelay in the
planned start date. From its already delayed date of 15 August 2005, the launch date for the system
was pushed al the way to 3 January 2006. From a project risk point of view, getting a paid catch-up
period of ten weeks, and then getting the final deadline postponed for more than four months, is a gift.
Ironically, the apped filed by the submitter of the runner-up bid came to serve the prime contractor
and increase the chances of project success. (See also “Project owner and scope changed” below.)

Cost consequences: Including the work ongoing with subcontractors, more than one hundred people
were alocated to the project managed by the prime contractor, keeping them on standby mode for
ten weeks, at a direct cost paid to the prime contractor of 140 million SEK. In addition to that, costs
increased in the public administration, and the total congestion-charge revenue was lowered as
operation time was shortened. All in al, the losses due to delays have been estimated at
600 million SEK (Gullberg and Isaksson, p. 121).

L essons learned: The sequence of political and legal events that led to congestion charging first being
decided upon, which seemed highly unlikely, and then finally happening against all odds, is so specific
to the local circumstances and random events, that there are few comparable experiences. One key
aspect, however, which seems to have influenced many of the events, is the significance of the
election cycle. The entire process, from decision through planning, implementation and trial period to
referendum, had to fit inside a four-year election cycle. As the decision to go for congestion charging
arose as an outcome of government negotiations immediately following the 2002 election, there was
no opportunity to plan ahead and start the new election cycle with acompleted plan.

3.6. Excessive service level requirements

In 2002, immediately after the announcement of a congestion charging trial, the City of
Stockholm defined their procurement strategy. Dennis Bring was assigned to be in charge of
procurement planning. The core principle of the contract was defined as a functional procurement.
That meant that the bidders were not asked to build a system according to a detailed design
specification, but rather a functional system, where processes were explained at a high level, and their
outcomes defined and quantified. It was up to each bidder to suggest what technologies to use, and
even where to put the charging stations. An important component in this setup was the list of key
performance indicators, originally nine of them, and their target levels. In principle, the bidders had to
accept all of them as they stood, in order to be considered compliant in the evaluation. Each indicator
was also, albeit somewhat ambiguously, tied to penalty clauses, which could have a severe impact on
the eventual revenue to the supplier if targets were not met (Road Administration, 2004, pp. 53-54).

Over time, as a consequence of legal deliberations, the functional design changed from a
municipal “environmental charge” to a national “congestion tax”. This led to a vast range of changes
to the specifications, which rendered some of the key performance indicators no longer applicable.
Eventually, four remaining indicators prevailed, governing the ongoing evaluation of the system’s
performance: an identification ratio (number of vehicles identified divided by number of vehicles
passing per month); an error ratio (number of incorrect charges divided by number of passages per
month); an availability indicator (lane minutes of uptime divided by total uptime required, times the
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number of lanes), and a calls-taken ratio (number of calls answered within a particular time limit
divided by the total number of incoming calls) (Johansson, 2009).

Each of these performance indicators was assigned numeric targets, and especially the error ratio
and system uptime stood out as extraordinarily high (Johansson, 2009). In the case of the error ratio, it
was stated that no more than one passage in 100 000 may lead to an incorrect charge, which means
that either the automatic number-plate recognition system had to perform far better than any other
system existing at the time, or that a large share of the passage photos had to be verified manually, or
that transponders (which generally do not generate incorrect identifications) had to be used by almost
all vehicles passing the gantries.

Transponder usage eventually reached about 50% of all passages at the time of launch, which was
not enough to guarantee that the error ratio target was met, and there were both practical and
economical limits to how many clerks could be assigned to read licence plates from photos.
Recognising this dilemma, IBM initiated an internal research and development effort to improve the
system’s performance in terms of automatic licence plate recognition, as mentioned above, eventually
leading to meeting and exceeding the requirements, both in terms of 1D and error ratio (H66k, 2009;
Johansson, 2009).

Tota system uptime was measured taking partial availability into account, based on how many
lanes were affected by a system outage, so that the metric used “lane minutes’ of availability divided
by total number of lanes, times the number of minutes of expected uptime. Thereby, the measurement
would approximate the revenue lost from the downtime — a 50% drop in availability meant about half
of the passages being recorded. The availability ratio calculated like this was to meet or exceed 0.999,
or the supplier would be financially penalised.

To meet this high requirement, the prime contractor designed a system where (almost) every
component was duplicated, so that a service outage would only occur if two parallel components
malfunctioned at the same time. Additionally, spare parts were obtained in large quantities and trained
staff were made available to perform on-site service with short notice. For the core IT system,
technical support was initially on standby, 24/7. A system design with so much redundancy is
obviously more costly than one where alarger degree of failure is accepted, but which needs only one
of each component, and where alonger response time can be accepted (H60k, 2009; Johansson, 2009).

It can be reasonably argued that a congestion charging system delivers an equal amount of traffic
reduction whether it is operating at 99.9%, 99%, or even 95% availability. After all, travellers decide
whether to drive or not based on the fact that they are highly likely to have to pay if they do so. From
this perspective, availability requirements could have been relaxed substantially, and thereby system
building costs, without losing any of the ultimate effect on the traffic situation.

But there is another side to this availability rather than just lost revenue and behavioural
influence. Gunnar Stderholm (2009) is certain that if the system had been anything but perfectly
available and functioning from day one, public support would have disappeared quickly, fuelled by
media attention. It just had to work perfectly from the beginning, according to him. Ho66k (2009)
agrees that in order to win legitimacy for the system, the accuracy had to be high, and compares with
Norway, where a lower degree of accuracy could probably be tolerated, as the systems there are
aready in place and accepted by the public.

In this respect, the service levels might have been not at all excessive, but just about right. The
system was thus not designed only to work, but also to win and retain the trust and support of its users.
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Cost consequences: It is not possible to state how much could have been saved if the performance
indicators had been relaxed, without making far-reaching hypothetical assumptions about what
alternative design decisions would then have been taken. But it is safe to say that a significant portion
of the hardware and connectivity cost stemmed from redundancy requirements. It is, for example,
likely that the system could have run with half the number of cameras, taking pictures only from the
front instead of both from front and back (Johansson, 2009; HA6k, 2009).

L essons learned: Consider what the cost-efficient targets of service levels are, given the goals of the
system and how different service levels affect the intended function of the system. Going from, say,
95% to 99% or 99% to 99.9% on any given service level may be a significant cost driver.

3.7. Project owner and scope changed mid-way

System procurement started with a prequalification during the autumn of 2003, followed by a
request for a proposal, including a detailed requirements specification issued in November, with bids
to be submitted in February 2004. Prospective suppliers were asked to commit to a long and detailed
list of functional and non-functional requirements, al in all describing an “environmental charge
system” (Swe: miljoavgiftssystem). As the political and legal process occurred, the environmental
charge became a congestion tax, and the laws to underpin it were different than what had been
assumed when the request for proposal was issued.

When the prime contractor was selected, and only the signing of the contract remained to be
carried out in July 2004, the Congestion Tax Law (SFS, 2004a) was passed in parliament. This made
clear what most people involved had long understood: that the congestion “charge” wasin fact a“tax”,
from a lega point of view (Sdderholm, 2009; H66k, 2009). But it was only now that it began to
become clear what this change actually meant in terms of procuring practical changes to the system
(Johansson, 2009). Among the new features required by the system was the ability to appeal against
any tax decision. It was also clear that the Tax Authority and the Royal Collection Agency had to
become administrative users of the system.

In November 2004, the Congestion Tax Ordinance (SFS, 2004b) was issued, with an additional
range of requirements added. All in all, more than 200 change requests were handled by the system
development project from the time the contract was signed to the time of execution. Having absorbed
such a quantity of changes, the system delivered was vastly different from the system initially
designed. Since the changes were issued while building, parts of the system were first built according
to the original specifications, and then rebuilt according to the changes, which obviously adds to the
cost of construction (Johansson, 2009; HA0k, 2009).

It isatruism for any information technology project to state that it would be less costly if all was
known upfront and no changes made. But it is hardly reasonable to expect this in reality. On the
contrary, one could argue that one should expect a project of this magnitude to evolve with time, and
make sure that it is planned for in a way that can cope with change. Ho6k (2009) lists among the
success factors the fact that the prime contractor was a single company and not a consortium, since
that makes for less internal quarrelling and better chances of dealing quickly with changing
circumstances.

In addition to leading to higher costs, the project delays caused by the changes in project
ownership and legislation may very well have contributed to the success of the system finally put in
place. According to the contract (Road Administration 2004, pp. 16, 37), the prime contractor
committed to delivering eleven months after the contract was enacted. Had everything happened
according to theinitial plan, this would have meant entering live operation in June 2005. Thanks to the
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legal processes that followed, the fina date set to go live was not until 3 January 2006. These
additional six months may very well be an important factor standing between successful operation and
failure on day one.

Cost consequences:. It isimpossible to give a definite figure for the costs associated with the total set
of changes made. Some changes reduced the scope and made the system simpler, while others made it
more complex. All of them, however, interfered with the aready established design and plan, and
some had cost consequences. A tentative estimate is that 15-25% of implementation costs were
derived from changed requirements and managing the consequences of those changes.

Lessons learned: It should have been possible to identify the charge/tax distinction earlier, and to
foresee the consequences in terms of changing requirements. Generally speaking, not having the legal
setting clear is likely to induce costs in unforeseen ways. For anyone contemplating congestion
charging, fitting the project inside one election cycle might be needed. Accepting that this makes it
impossible to foresee al requirements that come out of the political process, it is still likely that this
type of fundamental legal requirement can be identified and planned for in advance.

4. CONCLUSIONS

All things considered, was the Stockholm congestion charging trial unnecessarily expensive? It
did not exceed its budget, and there are other comparabl e projects that were more costly: still, there are
several cost items to indicate that it was. One way of interpreting “unnecessarily expensive’ is to ask
the following question: “Would it have been possible, knowing what is known today, to establish a
system such as the Stockholm congestion charging system, for a lower cost?” The answer is clearly
“yes’. IBM even claims that half the cost would be possible, assuming that the specifications were
describing a present-day system, and there were no maor change orders to deal with during
construction time (Johansson, 2009).

Note that this question is not just a philosophical counterfactual, but the relevant question to ask
for anyone considering investment in a similar system today. But if the question is interpreted another
way: “ Given the knowledge and political circumstances at the time, is it reasonable to expect that any
other combination of planners, government officers and suppliers would have been able to provide the
same or better resultsto a significantly lower cost?’, then the answer is, at least, not as clear.

The criticism raised against the project, represented in this study by Dagens Nyheter, the
Automobile Association and the Chamber of Commerce, fail in two important aspects. First, they do
not compare the cost of establishing the system to the value it generates, in terms of reduced traffic
congestion, only in terms of the revenue collected, which is an irrelevant measurement. Congestion
charging is by no means the most effective way to collect tax revenue. Rather, tax revenue is a positive
by-product, while congestion relief is the major value generated.

Second, they fail to recognise the extraordinary performance involved in getting afully functional
system in place in time for launch — politically, administratively, commercially, organisationally and
technically. Complex IT projects, using new technologiesin a previously untried configuration, have a
well-earned reputation for failing to deliver on time and within budget, if at al. Listing al the factors
that, in hindsight, could have been done better, or at a lower cost, moves the focus away from the
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remarkabl e fact that the Stockholm congestion charging system was set up quickly enough and was of
sufficient quality to swing public opinion in time for the referendum.

The basis for the yes [in the referendum] was that it worked technically, it gave visible
and tangible effects that people liked, and one was paying for a just cause. [..] itisa
necessary but not sufficient condition for a successful trial that it works really well
technically.

Soderholm (2009)

For a full understanding of the project, it is necessary to remember the high risks, real or
perceived, at all levels. With the high risks involved, the order from the politicians was not to build the
most cost-effective system, but to build one that worked. Gunnar Séderholm summarizes the overall
attitude from the political sphere:

‘It may cost whatever it costs. This shall be executed.” This doesn’t mean we were
sloppy with public money. Just that function was the over-arching priority.

Soderholm (2009)

Risk reduction was at the centre of the procurement strategy. The Road Administration used a
contracting form, where a single prime contractor is trusted to deliver a turnkey solution. This is the
Road Administration’s preferred way, in comparison to managing a consortium, in asituation like this,
as the risk of delays through conflicts among the consortium members, where one party can take the
whole project hostage, is lower (HO0k, 2009). This way, the risk that was delegated from the
politicians to the Road Administration, was delegated further to the prime contractor, with both the
rewards and risks that go with it. H66k was quite clear with IBM about the responsibilities:

| told IBM several times: ‘It is fully possible that this all goes to hell. But if it does, |
will make sure you are going down with me.’
HoOok (2009)

4.1. Insurance comes at a cost

The way the Road Administration and other agencies dealt with risk can thus be comparableto an
insurance premium. When a future event risks having a large negative effect if it goes through, it can
be rational to pay for insurance, even if the event is unlikely to materialise.

Throughout the execution of the congestion charging project, the prime contractor, the Road
Administration and other agencies were faced with unknown factors, where the potential downside
was unacceptably large. Their actions can be interpreted as rational insurance policies. Those
insurances came in the form of more staff in the call centres, more technica staff on stand-by, more
cameras, more spare parts, redundant network connections, and in the form of not pushing every
negotiation over a change order to the utmost in order to reach the lowest price.

Since a breakdown in any part of the system was perceived as potentialy crucial, such extra
layers of safety were added in many places, leading to a high total cost. And like any insurance, it risks
looking unnecessary and expensive in hindsight, when the event insured against did not materialise.

However, unlike atypical insurance, which is a sunk cost after the insurance period, some of the
“insurances’ purchased by the Road Administration have a residua value, available long after the
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referendum. While the cost for the first months of overstaffing is never recovered, the insurances built
for technical redundancies are ill there. By building the system more solidly than required, the Road
Administration today operates a system with close to zero downtime, and with a unique world sharein
automatic photo identification. With these benefits till in the system, the operational costs are
gradually moving down to more moderate levels as well.

NOTES

1. Partsof what was the Road Administration have been transferred to the newly-formed Swedish
Transport Agency. During the congestion charging trial, al of those activities were carried out by
the Road Administration.

2. If al drivers were regular drivers, paying the charge each day, the multiplier would be around 22.

But amajority of car drivers are in fact “occasional” drivers, who only pay the charge afew times
each month. Hence, the multiplier dropsto around five.
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ABSTRACT

Standard textbook anayses of road pricing tend to assume that users are homogeneous, that there
is no travel time risk, and to view congestion as static. The smple analysis also ignores that real
pricing schemes are only rough approximations to ideal systems and that the general economic context
may also have implications for optimal pricing. This paper reviews these issues and discusses how
taking them into account may affect estimates of optimal tolls.

1. INTRODUCTION

Road pricing can be used as atool to reduce demand for travel when and where that is thought to
be beneficial. It has some important advantages over other ways of reducing demand. By adding a toll
to the cost of atrip, it removes just those trips that travellers themselves think are not worth the toll. So
tolling ensures that the least beneficia trips are reduced first, with drivers themselves assessing the
benefits of their trips. Tolling allows the individual decisions about whether, when and where to travel
to remain decentralised. A toll equa to the total cost of delay imposed on other drivers by one
additional car, the marginal externa congestion cost, ensures that the socialy optimal level of
congestion results'. Precisely those trips that are worth the full cost are then undertaken. The toll
payment is aloss for drivers, but the money does not disappear. The cost to drivers who choose to pay
the toll is offset by the gains of those who receive the payment®. Overall, the gain from pricing
congestion can be considerable.

An obstacle to the introduction of road pricing is the fact that all drivers have to pay in order to
deter the least beneficia trips. This transfer from drivers is only fully compensated by reduced travel
times in some special circumstances. Drivers as a group will therefore tend to lose when the use of the
revenues from road pricing is not taken into account.

The efficient toll isin effect a price on time. It reflects the value of the delays an additional driver
imposes on other drivers. To design an efficient toll the first requirement is then to find the value of
travel time (VTT)®. This leads to the concept of generaised travel cost (GTC) that includes both
monetary and time costs. For a certain trip, the GTC may be calculated as the monetary costs of the
trip plus the duration of the trip, times the VTT; in symbols GTC = c+ at, where C is the monetary
trip cost, t isthetravel timeand o istheVTT.

Armed with an estimate of the VTT, the basic idea behind congestion pricing is simple: a supply
curve relates traffic volume to delay. This can be used to compute the increase in travel time resulting
from an additional car. Multiplying the increase in travel time by the traffic volume, the demand yields
the total delay caused by an additional car. Next, multiplying by the VTT yields the associated
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marginal external cost of congestion. A demand curve relates traffic volume to GTC. This can be used
to find the efficient toll which is equa to the marginal external cost of congestion when the toll is
implemented.

The point of this paper is to present an overview of what happens when one opens the door for
some of the complications that are present in the real world.

The first complication is that travellers are not identical. On the contrary, they seem to be very
heterogeneous. The evidence indicates that the value of travel time in a population can easily range
over severa orders of magnitude. There is variation in the VTT among individuals. There is even
variation for the same individual depending on the exact context of a trip. The paper explores some
consequences of this heterogeneity.

The second complication is that travel time is not a deterministic function of traffic flow. Travel
times increase on average as flow approaches capacity. Inherent randomness in traffic conditions aso
gains importance and causes travel times to become more variable and |ess predictable. The associated
cost is significant in comparison to the cost associated with the average travel time.

The third complication is that the relationship between traffic flow and travel time is not simple.
There are important dynamics that must be taken into account. It is important to recognise that
congestion is time-specific. At any location there is sufficient capacity to alow traffic to flow, if only
it were equally distributed over time®. Congestion occurs largely because people tend to want to travel
at the same time. It is therefore important to recognise that the time of travel is a choice and that
congestion is about time-specific preferences: scheduling preferences.

The fourth complication is that actual tolling systems are imperfect approximations to efficient
tolls. For example, it may only be possible to toll some links or it may not be possible (or desirable) to
achieve the theoretically optimal spatial and temporal differentiation of tolls. Some implications of
such limitations are explored.

Finaly, tolls cannot be evaluated in isolation from the economy in general. In particular,
commuting, alarge part of private travel, is complementary to working. Hence the interaction between
tolls and the labour market and labour income taxes must be considered.

Section 2 reviews the standard textbook analysis of tolls. Section 3 considers some implications
of the fact that travellers are heterogeneous. Section 4 discusses issues that result since congestion also
causes travel times to become variable and unpredictable for travellers. Section 5 discusses the need
for a sophisticated understanding of the dynamics of the transport system. Section 6 discusses second-
best issues related to constraints on the design of road pricing schemes and interactions with the wider
economy. Section 7 concludes.
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2. THE STANDARD TEXTBOOK ANALYSIS

From an economist’s perspective, the core problem of congestion is not that there is congestion
but that there is too much of it. It is not congestion itself that is the problem, but the associated
externaity. Each driver takes only his own costs into account when deciding whether to travel. The
individual will choose to drive when his benefit of doing so outweighs his cost of travelling such that
he receives a personal net gain. However, he does not take into account the delay he imposes on
others. When that delay is large then the trip entails a net loss. There is thus a potential gain that can
be found if traffic can be reduced in such a way that only those travel whose persona gain from
travelling outweighs the delay imposed on others.

2.1. A static model

The standard analysis under simplifying assumptions is presented in the following figure. The
horizontal axis is the traffic volume; the vertical axisisthe GTC. The curve aS is the supply curve.
The supply Sis the travel time as a function of traffic volume; this is multiplied by the VTT « to
convert travel time to monetary cost’. The supply curve is increasing to reflect a situation with
congestion. It will generally be convex. All travellers experience the same travel time and hence the
supply curve can aso be understood as an average cost curve. The curve MC indicates the marginal
cost. It is the change in tota cost arising from an additional traveller. When the supply curve is
increasing, the marginal cost curve will aways be increasing, have a larger slope and lie above the
supply curve.

Figure 1. A static model
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The demand curve is decreasing to reflect that demand decreases in price. The market
equilibrium occurs at the intersection of the demand curve D with the supply curve aS, at point b.
The margina traveller at this point faces a cost corresponding to the line segment ab and a
corresponding benefit of the same size. The group of travellers as a whole, however, have a cost
associated with the marginal traveller given by the MC curve. For the marginal traveller a point b, this
cost corresponds to the line segment a-c. So the last traveller imposes a net loss corresponding to the
line segment b-c on the group of &l travellers. The loss is zero at point d where the MC curve crosses
the demand curve. The total loss is then represented by the shaded triangle b-c-d on the figure. The
optimal toll implements the equilibrium at point d.

Expressed symbolically, the marginal external cost of congestion (mecc) is mecc=S(D)-D-a. This
arises since the total cost, given realised demand D, is Tc(p)=s(D)-D-«, the margina total cost is
1C(D)=S(D)-D-2+9D)-«, @and the mecc is the difference between the marginal cost and the average cost.

We shall refer to this analysis as the “simple static analysis’. It is useful as a basis for discussing
more complicated models that take more aspects of reality into account.

2.2. A dynamic model — the bottleneck model

The static analysis ignores the trip timing aspect of travel demand. Time is regarded merely as a
resource of which a traveller can consume more or less, whereas in reality time at 8 am. is different
from time at 9 am. As has been noted, congestion arises because travellers prefer to travel around the
same times. If they could be spread evenly over time, there would be no congestion. Moreover,
congestion is inherently dynamic, since adding a vehicle to a queue at some instant will affect the
evolution of the queue until it is gone. These aspects are captured in the bottleneck model [1, 36],
which describes the time dimension more explicitly. This model generates a number of important
insights regarding the pricing of congestion. A main insight is that large efficiency gains may be found
through the effect of pricing on trip timing.

In the simplest incarnation of the bottleneck model, travellers are viewed as homogeneous with
VTT «a . They have a common preferred arrival time t° and prefer not to be early or late at the
destination relative to this time. The cost of earlinessis usually denoted by # and the cost of lateness
by 7 and the generalised travel cost is then GTC (a,t)=a-(t-a)+ #-min(0,t" —t)+ y -max (0,t —t"). This
specification of scheduling preferences was introduced by Vickrey [36] and later by Small [28] in a
different context®.

A totad of D travellers have to pass through a bottleneck in order to reach their destination. The
bottleneck has alimited capacity of ¥ users per minute. Assume for simplicity that travel timeis zero
before and after the bottleneck. Then the first traveller, departing at time t, also arrives at the
destination at this time, since there is no queue yet. Denote the cumulative arrival rate at the bottleneck
by R. Then R(t,)=0. Let thetime of the last departure be t,, such that R(t,)=D.

The model assumes an equilibrium where no traveller can reduce his cost by changing departure
time. This implies first that there is always a queue during the interval [t,.t;] and, second, that the
queue is gone precisely at time t,, such that v-(t.—t)=D. Third, equilibrium requires that the GTC is
constant during the interval where travellers depart, and higher outside. A queue builds up
immediately as the first traveller departs, since travellersinitially depart at a higher rate than capacity.
The queue has maximum length at the departure time when a traveller would be at the destination
exactly at the preferred time t*. From that point, the departure rate is lower than capacity such that the
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queue gradually dissipates and the queue is exactly gone at the time of the last departure. This is
illustrated in Figure 2:

Number of travellers

Queue length

to t* t1 Time

The first and last travellers experience no queue in this model. The first traveller is early at the
destination while the last traveller is late. They incur the same GTC in equilibrium, which implies that
~B-lt ~t,)=7-(t,-t). This fixes the interval [to.t:] such that the equilibrium travel cost can be
computed. The total travel cost in equilibrium for all travellersis given by:

2 N
TC = ﬂl, such that the marginal external congestion cost is mece=27 N

Bty v Bryy

This is the margina external congestion cost associated with the addition of a marginal user to
the equilibrium. It increasesin the number of users and decreases in capacity.

We may regard the number of travellersD as being a function of the equilibrium generalised
travel cost. Then, connecting the bottleneck model with the simple static analysis, we would find that
the optimal static toll is equal to the mecc. This toll would not remove congestion. The number of
travellers would be reduced by the toll, but there would still be aqueue during [t,t, |-

This static toll does not vary over time. It is the same for al travellers, regardless of when they
arrive at the bottleneck. It is hence only optimal if the toll must be constant over the whole day. It is
possible to do better by letting the toll vary over time. The optimal time-varying toll is zero at time to .
It increases until the preferred arrival time t ™, then it decreases again, until it is zero at time t; . The
average toll is equa to the optimal static toll. The optimal time-varying toll does remove congestion
completely, since it ensures that travellers arrive at the bottleneck exactly at the rate v, which is the
bottleneck capacity.
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3. HETEROGENEOUS TRAVELLERS

Where the smple analysis assumes that users are heterogeneous, it is clear that in redlity aso
users are heterogeneous. This section explores first the measurement of heterogeneous value of travel
time, and second the consequences of heterogeneity of the VTT for the optimal congestion charge.

3.1. Measurement of heterogeneous VTT

How can the VTT of travellers be inferred? If a traveller has a choice between two options for
making atrip, where one is faster but more expensive than the other, then the traveller faces a trade-off
between money and time. Assume that travellers have a generalised trip cost expressed as
GTC=C+aT, where C is the monetary cost of the trip, T is the travel time and a is an individual
specific VTT. The difference in GTC between two trip options for a traveller with VTT equal to o is
AGTC = AC + o -AT. Holding everything else constant, travellers with o < -AC/AT will choose the
slow option while travellers with a > -AC/AT will choose the fast option. The trade-off thus entails an
implicit price of travel time, namely v = -AC/AT. Through his choice, the traveller reveas whether his
VTT islarger or smaller than the trade-off price, i.e. whether a <v or o > v.

Label by @ the cumulative distribution function describing the distribution of the VTT among
users. Observing many travellers at atrade-off price v allows assessment of the share of travellers with
o < V. This share is the cumulative distribution evaluated at the point v, i.e. ®(v). Observing travellers
in different choice situations with different v allows assessment of ® over the range where v varies. To
assess @ completely, it is necessary to observe choice shares for values of v ranging from a point
where travel time is cheap and all travellers choose the fast and expensive option to a point where time
is expensive and all travellers choose the cheap and slow option’.

In general, revealed preference data are preferable by virtue of relating to real choices where
travellers actudly feel the consequences of their choices. Suitable reveaed preference data could come
from situations where travellers face a choice between a slow, cheap route and a fast, expensive one.
A notable example is routes combining free-access, regular freeway lanes with tolled express lanes
[31]. However, it is often difficult to achieve the necessary variation in the price of time needed to
reveal the distribution of the VTT. This is a reason for relying on stated preference data, where
travellers make choices between hypothetical options. It is possible to construct stated preference
choice situations to meet many of the demands of econometric modelling. Stated preference data are,
however, tainted by doubt as to whether they represent actual behaviour well enough.
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Figure 3. Confidence band for the cumulative distribution of VTT
based on Stated Preference (SP) data
The unit is Danish Crowns (DKK) per hour: 1 EUR = 7.5 DKK
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Figure 3 shows an estimate of a VTT distribution obtained from stated preference data[12]. The
shape is broadly typical of many studies. It shows a right-skewed distribution with many travellers
having low VTT and few travellers having large VTT. The median VTT is about 25 DKK/hour while
the mean is considerably larger.

This estimate of the cumulative distribution of the VTT does not show the maximum of the VTT
distribution. The largest trade-off price of time that was offered to respondents in the SP exercise was
about 200 DKK/hour. A significant share of respondents, about 15%, indicated that they were willing
to pay this amount per hour of travel time saved and hence that their VTT was higher than 200
DKK/hour. How much larger is impossible to say, based on the figure. It is not possible to calculate
the mean VTT without information about the right tail of the VTT distribution. Such information can
be found using data that allows the right tail to be observed. Otherwise, it is necessary to resort to
more restrictive assumptions which may be hard to justify. One popular approach is to assume a
specific form for the VTT distribution. The resulting estimate of the mean VTT is extremely sensitive
with respect to such an assumption [12].

It is clear that there are enormous variations in the value of travel time, with severa orders of
magnitude from low to high. The VTT depends on observable factors. It is generally found to increase
with income but the size of the income elasticity is debated. The VTT is generaly thought to vary
substantialy between individuals but also with individuals, depending on the context. In genera, a
large part of the variation in VTT remains after controlling for observable factors. For example,
Fosgerau [12] controls for gender, income, trip duration, time difference between alternatives, share of
delay time due to congestion in travel time, age and trip purpose, and finds that the remaining
variationin VTT has more than afactor of 50 between the 20% and 80% quantiles.
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3.2. Road pricing with heterogeneous travellers

Consider now a situation where the population of potential travellers differsin their VTT. Groups
of travellers are indexed by their value of travel time a. The group with VTT o has a demand function
D(p(c)| o), where p(a) = © + a t is the generalised cost for travellers a. The aggregated demand
function isthen D = E(D(a)), the average over groups of travellers. The average VTT in the population
is E(a). Thisis not the same as the average VTT of those who actually travel, which is the weighted
averagea = Efz-D(a)J/E[D(e)]. If travel time as a function of demand is t=S(D), then the change in travel
time resulting from the marginal traveller is S (D). Multiplying this by the number of travellers and by
the average VTT among travellers indicates the margina external cost of congestion. That is,
mecc=S'(D)-D @ .

This shows that the difference from the case of homogeneous travellers is the VTT used to
compute the marginal external cost of congestion. There is just a single VTT in the case of
homogeneous travellers. With heterogeneous travellers, this single VTT is replaced by the average
VTT in the group of actual travellers. Hence the mecc depends in general on the toll, since the
introduction of a toll will change the composition of travellers and this affects the average VTT of
road users.

This effect may be large. Consider the case where the value of travel time for a population
follows a standard log normal distribution. Then the mean VTT is E(a) ~ 1.65. Imagine now atoll that
causes a reduction in traffic of 10% and that it is those travellers with VTT above the 10% quantile
who remain. Their average VTT isthen about & =~ 1.81, which represents an increase of about 10%.

A toll will discourage some from travelling. If travellers with low VTT are discouraged more, as
might be expected, then the average VTT « increases with the introduction of a toll. Then the
optimal toll will be larger when travellers are heterogeneous than when they are homogeneous’.

We are not aware of empirical evidence concerning the likely size of this effect. It is reasonable
to suppose that the effect is noticeable, since the distribution of VTT is generdly thought to have a
shape similar to that presented in Figure 3, with many travellers having arelatively low VTT.

Consider till the situation with heterogeneous travellers and imagine that the optimal toll
r=mecc=S(D)-D-@ isin operation. Imagine then that road capacity is split in two halves and that
travellers have to choose which half of the capacity they want to use. They will then divide equaly
among both halves of capacity. If the toll is increased dlightly for one half of the capacity, then
demand will decrease dightly there and shift to the other half or stop for both. Then the first half will
be faster but more expensive than the other. This will cause rationa travellers to sort into those with
their VTT above some threshold who will use the first half and those with VTT below the threshold
who use the other. As a consequence, the average VTT is high for the first half and low for the second.
Then the toll can be raised for the first half and reduced for the second to produce a net welfare gain.

Verhoef and Small [35] consider differentiated tolls in a static network with serial and paralléel
links and with heterogeneous users. They are particularly concerned with second-best policies
whereby only a part of the network is tolled. Such policies, they find, are in danger of losing much of
their potential effectiveness if heterogeneity isignored when setting toll levels. Ignoring heterogeneity
in VTT may cause the welfare benefits of second-best policiesto be drastically underestimated.

A red-world counterpart to such examples is value pricing as implemented in various places in
the US. In these schemes, drivers can choose between lanes that are free but congested or tolled but
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less congested. Clearly, as shown by Small and Yan [29], heterogeneity is important for assessing the
welfare impacts of such policies, as drivers with high VTT may be expected to choose the tolled lanes.

Pricing is not the only means by which to increase the efficiency with which existing road
capacity is used. A recent paper [9] shows that there are unexpected benefits from car pool lanes that
do not have to do with pricing. The benefit arises because the car pool lanes reduce disruptive vehicle
lane changing. Even a severely underused carpool lane can in some instances increase a freeway
bottleneck’ s total discharge flow™.

In a dynamic setting there can be benefits from differentiation, even with homogeneous travellers
and without pricing. Ongoing research (Fosgerau and de Palma) uses the bottleneck model to analyse a
situation in which travellers are arbitrarily divided into groups. The immediate cause of congestion in
the bottleneck model is that travellers initially depart at a rate higher than capacity. Congestion is
reduced by atoll that makes travellers decrease the initial departure rate. This effect may be induced in
other ways. One way is to divide travellers into, say, two groups. A more than proportional share of
capacity is allocated to the first group. The second group can use the remaining capacity. The second
group can also use the share of capacity alocated to the first group when the first group is not using it.
The first group would find a new equilibrium where departures occur during a shorter interval of time
and would hence experience a cost reduction relative to the situation without grouping. The cost of the
second group would not increase since it is determined by the length of the interval during which
departures take place and thisis unchanged relative to the situation without grouping.

4. TRAVEL TIME RISK

Increasing travel demand leads to congestion and increasing travel times. As demand approaches
capacity, travel times aso become increasingly variable and unpredictable for users. This travel time
variability (TTV) may add significantly to the generalised travel cost.

Figure 4 shows a scatter plot of the standard deviation of travel time against the mean travel time
for a congested urban road, with a distinct morning peak. Each point on the plot corresponds to atime
of day. The numbers have been computed using data covering a period of three months. Both the mean
and standard deviations are small in the morning. They increase and then decrease over the peak. The
standard deviation peaks later than the mean, indicating that there is no constant relationship between
them. This creates the loop that is evident in the figure. It is a characteristic pattern that has been
observed many times™. An implication is that the mean and standard deviations of travel time must be
accounted for separately.

The definition of GTC must be extended in order to account for the cost associated with travel
time variability. Some authors have simply added a term to the definition of GTC to reflect the
increase in cost dueto TTV; for example, using GTC =c+z +aT +7X, where X is some measure of TTV.
Various measures of TTV have been employed, such as the standard deviation or the variance of travel
time, or a range between two quantiles [31]. Studies have then proceeded to estimate a value n of X
based on revealed or stated preference data.
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Figure 4. Scatter plot of the standard deviation of travel time (minutes)
against the mean travel time (minutes) for a congested urban road
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Thisis, however, not a completely satisfactory solution without some arguments to indicate why
one measure of TTV should be preferred to another. The problem is complicated, since atravel time
distribution is a shape rather than a number. Figure 5 shows an example of atravel time distribution.
There are (infinitely) many possible such shapes and they cannot be described completely by a few
numbers.

Figure 1. An empirical travel time distribution
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At this point, it can be noted that al measures of scale are essentially equivalent when the
shape of the travel time distribution is constant. In this case, the standard deviation is proportional to
the range between any two given quantiles. A change from one scale measure to another is then
reflected in an inverse changein the value of TTV given by n.
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Intuitively, the cost associated with travel time variability is related to scheduling considerations.
Compare two situations, one in which travel timeis variable and one in which it is constant. The mean
travel time is the same in both situations. Travellers have to decide when to embark on a certain trip.
When travel time is constant, travellers choose an optimal time of departure which is directly
associated with an optimal time of arrival at the destination. Faced with TTV, travellers may embark
on the trip earlier than they would have otherwise done. On average, they will therefore arrive earlier
than otherwise. Sometimes they arrive later than they would have chosen with constant travel time.

To make this more formal, economic theory generaly assumes that travellers have preferences
that encompass scheduling considerations, regarding when they depart from the trip’s origin and when
they arrive at destination. Travellers are pictured as knowing the travel time distribution and choosing
the departure time optimally. A specification of scheduling preferences then leads to a relationship
between the travel time distribution and the generalised travel cost. This relationship is not in general
tractable, and there is generally no obvious candidate for defining a measure of TTV. There are,
however, a few specia cases, where simplifying assumptions enable a smple measure of TTV to be
defined.

Fosgerau and Karlstrom [15] consider the departure time choice of a traveller facing travel time
variability. The traveller cares about travel time and about being early or late at the degtination,
according to the Vickrey/Small scheduling preferences described above. The distribution of random
travel is independent of the departure time, such that a change in departure time does not affect the
shape of the travel time distribution but only shifts it earlier or later. Similarly, the monetary trip cost
does not depend on the departure time.

When the traveller knows the travel time distribution and chooses the optimal departure time, it
turns out that the expected GTC becomes linear in the mean and the scade of the travel time
distribution, regardiess of what that travel time distribution is'2. More specifically, when the traveller
chooses the optimal departure time, then GTC =c+«-E(T)+7-o-H. In thisexpression, ¢ is the monetary
cost of the trip and «E(T) isthe VTT multiplied by the mean travel time. The last term captures the
effect of TTV: n is the value associated with TTV and is given in terms of scheduling parameters
and 7, o is a measure of the scale of the travel time distribution and H depends on scheduling
parameters and on the shape, rather than the scale, of the travel time distribution.

Fosgerau & Karlstrom provide an example of a congested urban road in Copenhagen, where the
cost of travel time variability comprises about 15% of the time cost to travellers. Including TTV in the
GTC islikely aso to lead to an increased estimate of the mecc. Thisisbecause TTV tends to increase
with demand just as does the mean travel time.

There is thus a basis for including a measure of the scale of the distribution of travel time as a
measure of TTV. Given estimates of the scheduling parameters and the shape of the travel time
digtribution it is possible to calculate the contribution of TTV to the GTC. It is not necessary to know
the preferred arrival time of travellers since this does not appear in the GTC when the departure timeis
optimally chosen.

While the Fosgerau-Karlstrom result has some advantages for application, there are also some
drawbacks. Firgt, the value of TTV depends on the shape of the travel time distribution. It may
therefore vary across different contexts. It still remains to gather sufficient empirical evidence to be
able to judge whether this is a serious drawback in practice, given that there are many other
uncertainties and approximationsin play.
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Second, the result does not apply to scheduled services. The issue is that users of scheduled
services are, by definition, not able to choose their departure time freely. Therefore they are not able to
choose the optimal departure time, as required by the Fosgerau-Karlstrom model.

Third, the scale of the travel time distribution can be hard to compute in networks comprising
many links. This is not an issue with the mean travel time, since the mean travel time may be
computed at the link level and then summed over links to obtain a trip-level, mean travel time. The
standard deviation is not additive in this way and so the GTC cannot just be computed at the link level
and summed.

In a broader perspective, it is important that the specification of scheduling preferences is
consistent with empirical evidence. The Vickrey/Small specification of scheduling preferences entails
the prediction for an individual traveller that an isolated increase in travel time will cause a
proportional change in departure time that leaves the arrival time unchanged. An isolated increase in
the standard deviation of travel time would lead to earlier departure and earlier arrival on average.
This may or may not be an adequate description of actual behaviour.

There is an dternative formulation of scheduling preferences that aso leads to a tractable
expression for the value of TTV. It is based on a less known paper by Vickrey [37], in which he
defines scheduling preferences in terms of time-varying utility rates at the trip origin and destination.
The traveller receives utility at some rate specific to the trip origin until he departs. When he arrives,
he begins receiving utility at a rate specific to the destination. The cost of the trip is an opportunity
cost associated with the foregone utility at the origin or at the destination. When the utility rate at the
origin is decreasing and the utility rate at the destination is increasing, then there is atime at which the
individual would optimally travel from the origin to the destination. This view of scheduling
preferences is attractive, since it treats the origin and the destination of the trip symmetricaly. In
generd, it is hard to argue why timing at one trip-end should be more important than at the other, as
implied by Vickrey/Small scheduling preferences.

Using asimplified version of these scheduling preferences, Fosgerau [14] finds an expression for
the value of travel time variability that does not depend on the shape of the travel time distribution.
The related measure of travel time variability is the variance of travel time. This applies equaly to
travellers who can freely choose departure times and to travellers who use a scheduled service with
fixed headway. Depending on parameters, travellers may be risk-averse or risk-seeking, and the value
of travel time may increase or decrease in the mean travel time.

This model has some advantages over the Fosgerau and Karlstrom model. First, the value of TTV
does not depend on the shape of the travel time distribution. Second, the result applies equally to
scheduled services. Third, the variance of travel time is additive over links in a network, provided
travel times on links are independent™.

Ultimately, the choice between formulations of scheduling preferences and the associated
measures and value of travel time variability should not be based on convenience but on conformity
with observable behaviour.

Randomness is a lack of information; so information provision is a natural policy measure in the
context of TTV. Consider a situation in which travel time is variable from day to day but perfect
information about tomorrow’s conditions is provided to travellers. Then every day they can choose the
optimal departure time, and the GTC in the Fosgerau-Karlstrom model reduces to GTC =c+aE(T),
which omitstheterm relatingto TTV.
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The information does not have to be perfect in order to reduce the GTC. In generdl, it can be just
a signal that contains some information about tomorrow’s travel time, i.e. it must have some
dependence on tomorrow’s travel time'. This reduces the risk that travellers face. The value of this
information may be assessed with the same models that are used to assess the cost associated with
random travel time variability.

In using these results, it is important to keep in mind that no consideration has been given to
equilibrium. The departure time choice of a single traveller is considered, taking the choices of all
other travellers as given. The random distribution of travel time affects each traveller’s choice of
departure time. But there is aso a causal relationship in the other direction, whereby the combined
departure time choices of travellers affect the distribution of travel time[3].

5. MEASURING AND MODELLING SUPPLY

The basis for efficient congestion pricing is the marginal externa cost of congestion. It involves,
essentiadly, the VTT and the supply relationship. So, it is clearly crucial for the design of congestion
pricing schemes to have an adequate understanding of the supply side. The description of supply
relationships for road travel has traditionally been considered the domain of engineering or physics,
and economics has tended to ignore the complexities involved. This might have been reasonable in
times when the main issues were to do with the design and capacity of road networks. When it comes
to the design of road pricing schemes it becomes necessary to have a deeper understanding of the
supply side. In particular, it is essentia to be able to estimate the effect on travel times of changing
demand. Perhaps economics should get involved in this. Small and Verhoef [30] discuss congestion
from this point of view.

In economic models, supply is generally taken as given in the form of a supply curve for aroad or
a smple network; in the case of the bottleneck model, it is simply the bottleneck capacity, which is a
single number. In redlity, congestion is a hugely complicated phenomenon. Research into the
relationship between travel demand and travel time has been active for at least 75 years and we shall
make no pretence of being able to summarize the state of the field. However, it is important to point
out some of the issues involved. There are still very many open questions that appear when we ask
what is the consequence for mean travel time and variability of adding an extratraveller.

There are many causes and corresponding types of congestion. For example, flow congestion
arises as traffic slows down due to increased density, independently of upstream or downstream links.
Flow congestion is related to the microdynamics of traffic; it may arise due to small random
fluctuations in flow and may be involved in the phenomenon of hypercongestion. The importance of
flow congestion is debated, however, with some arguing that congestion is more likely to be related to
bottlenecks such as intersections and merge lanes and to accidents that create temporary bottlenecks.
Congestion involves spill-backs such that delays on a link may be due to upstream delays.
A particularly clear instance of spill-backs is when a queue behind a bottleneck blocks upstream
intersections for crossing traffic. Delay for the crossing traffic is then unrelated to that demand.

Consider now that the objective often is to price urban networks, comprising thousands of links
and nodes, and even more combinations of origins and destinations. It is clearly a daunting task to try

IMPLEMENTING CONGESTION CHARGING — © OECD/ITF 2010



130 - ROAD PRICING WITH COMPLICATIONS

to describe such systems in detail. Here rescue may come from the existence of urban-scale
volume-delay relationships [17] that alow the complexities of the network to be compressed into a
single expression.

In general, it is not sufficient to consider only the mean travel time, when travel time variability
accounts for asignificant share of GTC. It is also hecessary to be able to predict the impact of TTV on
changes in demand. Generally, there is no smple relationship whereby TTV can be expressed as a
function of mean travel time. Thisis evident in Figure 4, where the standard deviation of travel timeis
rising at times when the mean travel timeis decreasing.

The example of the loop in Figure 4 aso indicates the dynamic nature of congestion, whereby
even a small event at one time and place may have significant effects later and elsewhere in the
system. Such dynamic phenomena also create problems for the empirical measurement of speed-flow
relationships.

Figure 6. A stylised speed-flow relationship

Speed
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Flow

The fundamental diagram of traffic flow incorporates a relationship between speed and traffic
flow on aroad link, depicted as a backward-bending curve, as shown in Figure 6. It depicts a situation
with three regimes. First, afree-flow regime in which speed is about constant, with flows ranging from
zero to a certain point. Second, a congested regime in which higher flows are associated with lower
speeds. Third, a hypercongested regime, in which speeds are lower than in the other regimes at the
same flow levels and where higher flows are associated with higher speeds.

Consider a scatter of observations from a speed-flow curve. Then consider a regression of speed
against flow. If there are many observations from the hypercongested regime, then it can happen that
an increasing mean relationship seems to be present. This would imply the perverse prediction that
increasing flow would lead to an increase in speed. The problem is that there is causality in two
directions. The causal effect of interest is the effect of flow on speed. However, there is aso a causa
effect in the opposite direction, whereby low speed creates a blockage which causes flow to be low.
The problem of reverse causdity is a classica econometric problem and a range of econometric
techniques exists to tackle it. In the present context, it isimportant to realise that the measurement and
modelling of supply should be taken serioudy and requires sophisticated methodology.
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6. SECOND-BEST ISSUES

The key idea of congestion pricing is that it reduces waste by alleviating the misalignment of the
private and socia costs of travel, caused by the congestion externality. The previous sections have
pointed out how hard it is to establish the magnitude of this misalignment, making an abstraction of
the broader context in which pricing might be introduced and assuming that sophisticated instruments
for charging are available. Second-best analysis asks the broad question of how the basic analysisis
modified when these ssimplifications are abandoned. The literature on the subject is vast and we make
no attempt at providing an overview, referring the interested reader to a concise discussion in Small
and Verhoef [30], pp. 137-147. Instead, we limit ourselves to discussing some examples of
second-best reasoning, and draw conclusions on how second-best analysis can help improve the
practical implementation of congestion charging systems. Section 6.1 investigates the consequences of
the fact that practical systems are approximations to the ideal charging system, and section 6.2 asks
what are the consequences of the fact that congestion charging —even if potentialy idea — is
implemented in an imperfect economy. Section 6.3 presents some guidelines for practical anaysis.

6.1. Imperfect implementation

If the second-best issues discussed below in section 6.2 are ignored, then an ideal congestion
charging systemis one that charges the marginal external congestion cost at each time and place in the
road network. A glance at existing and planned systems shows this ideal is not reached: charges are
levied on only a very limited number of network segments and those charges differ from the marginal
external cogt. If the first-best welfare gain from congestion charging is taken as a benchmark (which,
on the basis of the arguments of section 6.2, may be a disputable choice), this means lower welfare
gains but not necessarily negative gains: congestion charging is still likely to be worthwhile, although
the risk of counterproductive systems does exist and the loss of efficiency compared to ideal systems
can belarge.

The problem of which links to charge and what tolls to set, when only some links in a network
can be charged, has a conceptual solution that is difficult to trandate into a practicable one
(e.g. Verhoef [34]). Simulations using detailed network models suggest that reasonably performant
pricing schemes can be designed, even with a small number of tolled links or cordons, eg. by
choosing high volume and high-speed links with poor substitutes [27]. While this is in line with
common sense, no links may fit the bill perfectly, so that choices can be hard in practice. Furthermore,
the question of how much to charge remains unresolved. Also, when the choice is where to place a
cordon instead of what link to charge, deciding where to place one or more cordons and what charge
to levy appears to be particularly challenging, with the results from simulation work sometimes
differing from common sense judgment [32].

In sum, it seems reasonable to conclude that imperfect implementation is unavoidable but that,
nevertheless, good results can be obtained. However, systematic assessments of where and how much
to charge can improve considerably on common-sense judgment or at least help avoid big mistakes.
Detailed analysis using traffic modelsis likely to have considerable payoffs.
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6.2. Distortions in the wider economy

The first-best analysis focuses on the congestion externality in transport. It implicitly assumes
that there are no distortions (deviations from efficiency) in the rest of the economy, or at least none
that should be taken into account when thinking about charging the external cost of congestion. In
reality, the economy is rife with distortions that potentially do matter. One example, which has
attracted considerable research attention because of its quantitative importance, is that labour income
is taxed. A tax on labour income is a distortion because it reduces the supply of labour, resulting in a
less than efficient level of employment. How might this distortion affect prescriptions for a congestion
charge?

Consider the simplest possible case, where all road users are commuters and all commuters are
road users: In order to work, it is necessary to commute. Say that the marginal external congestion cost
per round-trip (or, equivalently, per work-day) is $20, whereas the tax on labour income per work-day
is $50. In this situation, the labour tax and the congestion charge have the same effect since they both
affect the same choice margin, whether to work or not. Since the labour tax more than covers externa
costs, no congestion charge is justified based on the argument of untaxed externalities. This polar case
highlights the importance of interactions with other distortions.

Next, consider the same proportionality between labour supply and travel volumes, but introduce
a second transport mode, “transit”. Assume that this mode is free of congestion and other external
effects, and it is priced at marginal cost. A congestion charge for car commuting now is potentialy
useful, asit helps attain the socialy desirable modal split. In fact, setting the congestion charge equa
to the margina external congestion cost guarantees that commuters face the marginal socia cost of
each mode, so the optimal modal split will result. At least, thisis the case when the revenues from the
charge are used to reduce labour tax revenues by the same amount, through a modification of the
labour tax rate. For if revenues were used differently, the effective labour tax —and with it the labour
market distortion — would increase. This example shows that revenue use is of crucial importance in
evaluating the effects of congestion charging.

These examples are extreme: in reality, there is no strict proportionality between labour supply
and commuting, the labour market is not perfectly competitive, not all transport users are commuters,
and commuters are a heterogeneous group. In generd, this means that the strong results of the
examples will play out wesker in reality. Some more specific insights follow.

De Borger [11] investigates the consequences of replacing the assumption of a competitive labour
market by one where unions and employers bargain about wage levels. Arguably, this is a closer
approximation of prevailing labour market conditions in some countries or some segments of the
labour market, and it is seen to matter for the impact of the interaction of labour market distortions and
the congestion externdity. As long as congestion tolls are not differentiated between those who are
and are not working, it makes sense to raise the toll above marginal external congestion costs as this
shifts part of the tax burden to non-workers. Given the large distortion from labour taxes at the margin,
such a shift is efficiency-improving. However, when differentiation of tolls between workers and
non-workers is feasible, the toll for workers is best set below marginal external congestion costs and
that for non-workers exceedsiit.

The importance of distinguishing between work and non-work trips is aso highlighted by
Van Dender [33], who extends the Parry and Bento [20] analysis by considering two trip typesthat are
strict complements to labour supply and to leisure respectively, and by assuming that transit and cars
share a congested road. One result is that introducing a congestion toll can make sense even if the
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labour tax does not change, on the condition that the toll can be differentiated between both trip types.
But if no differentiation is possible and the labour tax cannot be changed, then the scope for
efficiency-improving tolls is quite limited (in a model where no possibilities for welfare-improving
revenue use exist apart from reducing labour taxes). These analyses suggest that differentiation of
congestion charges can be very useful not only because road users differ (as highlighted in previous
sections), but because of the efficiency costs of distortionary taxation. In particular, it makes sense to
charge less for commuting trips.

Introducing heterogeneity into the analysis forces us to abandon a strict focus on efficiency. If
individuals differ, we need to be explicit on how we care about the distribution of welfare among
them. In second-best, the strict separation between efficiency and equity cannot be maintained because
there are no lump-sum taxes suitable for supporting that separation. This tells us that the equity
impacts of congestion charges and the use of revenues need to be considered.

However, one should not forget that the labour income tax is there for more than one reason; a
notable motivation is a desire for redistribution. Kaplow [22] argues this point of view and suggests
that cost-benefit tests should not be corrected with the margina cost of funds. In the context of road
pricing, Kaplow might similarly argue that income taxation should not be counted as distortionary.

There are several important market imperfections, other than labour income taxes, that interact
with congestion charges. First, search-unemployment occurs because it takes time for separated
workers to match with new employment. The search duration depends on the number of job openings
within reach of the unemployed, which in turn is affected by transport costs. Thus, increasing transport
costs can lead to increased duration of unemployment spells and a lower employment rate. This effect
is likely to be significant [26]. Agglomeration effects constitute another relevant externdity to take
into account when thinking about congestion charges. There is substantia evidence that production in
cities is subject to agglomeration economies, i.e. economies of scale that are external to firms. Thisis
relevant to the analysis of congestion, as workers contributing to and suffering from congestion also
contribute to the positive externality of agglomeration. If al workers contribute equally to congestion
and agglomeration, this suggests congestion tolls should be reduced by the value of the agglomeration
externality, unless a separate instrument is available to stimulate agglomeration. But if workers differ
in their values of time and their effects on agglomeration [as is the case according to Graham (2009)],
tolls should differ among workers [19]. Of course, agglomeration effects are far more complex than
suggested in these simple models and our understanding of them is limited [18]. In addition, policies
to improve the benefits from agglomeration can be separate from congestion management policies.
Nevertheless, the warning that congestion should not be considered in isolation from the productivity
of acity’seconomy isvalid.

6.3. Implication for implementation

One response to the redlity that several potentialy important market imperfections interact with
the congestion externality, isto construct a model that encompasses the main imperfections (as judged
by who builds the model) and derive arule for the assessment of charges in this context. For example,
Calthrop et al. [8] propose arule for transport infrastructure investments, which could be modified for
transport pricing, which includes many of the interactions discussed above. Their framework
emphasi zes the role of distortions, which comes at the cost of a strongly simplified representation of
the transport markets. Fosgerau and Pilegaard [16] take the opposite route, showing how some genera
equilibrium interactions related to tax distortions can be integrated into cost-benefit analyses based on
traffic models. This has the advantage of allowing a detailed model of the transport market (relying on

IMPLEMENTING CONGESTION CHARGING — © OECD/ITF 2010



134 _ ROAD PRICING WITH COMPLICATIONS

traffic models that are often used in the practice of transport project appraisal), but the range of genera
equilibrium interactions is more narrow.

The use of such sophisticated rules is sometimes thought to be superior to the simple first-best
rule, on the grounds that the latter is easily shown to imply large mistakes in some cases, i.e. it isnot a
very good approximation. However, given our imperfect understanding of the broader context in a
conceptua sense, and even more in an empirical sense, it is not obvious that the approximation of the
sophisticated rule is necessarily better. The fact that analyses of theoretical rules are typically
illustrated by highly stylised numerica illustrations suggests that not too much faith should be put in
the practical relevance of the numbers, but rather that they should be considered as rough indications
of orders of magnitude associated with the mechanisms contained in the theory. Thisview is similar to
the one expressed by Béhringer et al. [7], who discuss second-best analysis of climate change policies:

“The above results should be treated with caution. The numbers are neither accurate nor precise.
They are ballpark estimates. What really matters are the insights. Climate policy need not cost alot,
but imperfect implementation implies excess costs. The excess costs are substantia relative to the
costs of thefirst-best policy.”

In addition, even the most comprehensive models on genera equilibrium interactions are (by
definition) highly stylised representations of redlity. They highlight distortions thought to be of
particular importance (with judgment ideally based on evidence) while ignoring others, and they miss
features that matter in the applied analysis of proposals for congestion charging. For example, few
models contain a sufficiently detailed representation of the capacity and usage of multimodal transport
systems that would allow a comparison of revenue use to reduce labour taxes or to improve the supply
of public transport. Clearly, such comparison would be relevant to the design of charging proposals.
Parry and Small [25] present a detailed andysis of rationales for subsidizing public transport. They do
not focus on the interaction with broader distortions, but do suggest that their impact on the optimal
subsidy islimited.

Our view, then, is that the models generate insights that ought to be part of debates on the
implementation of congestion charging. Applications of smple models can help clarify the importance
of second-best concerns, but we should not expect a fully-fledged general equilibrium analysis to be
carried out.
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7. CONCLUSION

Unregulated congestion entails an efficiency loss and a corresponding possibility for obtaining a
welfare gain. This gain can be achieved through road pricing, decentralising the decision about who
should travel when and where. In the first step of the analysis, the toll should equal the value of the
delay that a marginal car imposes on other travellers. The size of the total delay associated with the
marginal car is determined from traffic models, ranging from simple supply curves to complex traffic
models. The transformation to monetary value is accomplished through the value of travel time (VTT),
which can be measured in various ways.

Congestion arises because people tend to travel at the same times. With an even distribution of
traffic over time, there would be no congestion. As the example of the bottleneck model shows, there
are potentially large benefits to be achieved if the trip timing aspect of demand is taken into account
by varying tolls over peaks, thusinducing travellers to distribute departure times more evenly.

The simplifications involved in textbook analyses of congestion pricing allow the central insights
to be easily communicated. There are, however, a number of complications that must be taken into
account when this theory is put in practice. First, people are different. The stylised facts state that
many people have alow value of travel time but some have avery high VTT. Themean VTT islarger
than the median. There is much variation between people but also between seemingly identical
individuals and even within the same individual in different contexts. Recognition of this
heterogeneity will tend to lead to higher suggested tolls and will tend to reveal larger benefits from
price differentiation between roads.

Travel times are inherently random. As congestion increases, travel times become not only longer
but also increasingly variable and unpredictable. This travel time variability contributes significantly
to travel costs. Taking travel time variability into account will generally lead to higher suggested tolls.
A theory exists whereby the value of travel time variability can be expressed in terms of the standard
deviation or the variance of travel time, in asimple and readily applicable way.

Traffic systems are hugely complicated and the complexities of measuring and modelling supply
should not be underestimated. It is difficult to establish the size of the delay associated with a marginal
vehicle and even more difficult to establish the consequences for travel time variability. The ssimple
descriptions of the supply side often employed in economic papers are not adequate for a real-world
assessment of road pricing systems.

Constraints on charging instruments lead practical systems to fall short of idea (in afirst-best or
second-best sense) congestion charging, and thisimplies lower benefits than would be obtained in that
ideal. Charging can, of course, till produce net benefits (after subtraction of investment and
operational costs). Careful assessment of charging systems becomes crucial, however, because of the
multitude of design options available and the large differences among them in terms of benefits
produced. Such assessment should tackle the second-best aspects explicitly, and not evaluate a system
as if it were first-best. Changes in travel speeds are not a sufficient indicator of the benefits of
charging.
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Congestion charging should not be considered in isolation, as there are economic interactions that
have large potential effects on the benefits of charging. As indicated, we are sceptical about the
possibility of capturing these interactions in one elaborate model, but do think it valuable to discuss
explicitly how any charging system might interact with other taxes and other externalities, with the aid
of models and data, however sketchy and imperfect they are.

Tolling may be suggested as part of a policy package that also specifies how revenues are to be
used. However, such earmarking of revenues runs the risk of being wasteful. The judtifiability of a
package that combines tolling with earmarking depends on the way revenues are to be used. An
otherwise justifiable tolling scheme may become unjustifiable in combination with a use of revenues
that is unjustifiable. It is therefore helpful to evaluate the parts of such policy packages in isolation in
order to make clear the merits of each component.

One specific recommendation that emerges is that charges for commuting should be lower than
for non-commuting. Since a trip purpose cannot be observed at the time charges are levied, a
correction through the income tax system could be envisaged.

The second-best analysis suggests that in many cases the best tolls are lower than the margina
externa cost of congestion, because tolls match external costs imperfectly and they exacerbate pre-
exigting distortions. These, however, are partia results, depending to some extent on the interactions
considered. If, for example, congestion tolls could be designed to fall mainly on non- or lower-taxed
activities (“leisure”) and the revenues used to reduce highly distortionary taxes, then this would be an
argument for raising them above the margina external cost of congestion. What matters then is to
figure out which activities would be affected by the introduction of acharge.

In summary, it seems reasonable to use the basic analysis of congestion charging as a first
approximation when considering its implementation, but to check whether important interactions with
other market imperfections can be expected, and revise the analysis when there are concerns about
large, indirect effects. Roy (2008) goes a step further, arguing for reliance on the simple rule and
focuses on removing second-best obstacles rather than taking them as given. We are less optimistic
about the possihility of removing at least some of the obstacles. Nevertheless, our view and Roy’s are
not mutually exclusiveif charging mechanisms are seen as malleable through time.
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10.

11.

12.

13.

14.

NOTES

Thisistruein afirst-best world, where all other prices equal marginal socia cost.

Thisisaso truein afirst-best world.

Becker [6] related the value of time to the wage rate by considering the alocation of time
between work and leisure. This was later extended in various ways. Jara-Diaz [21] explains the
history of the development of thistheory.

The alternative would require queues that keep growing indefinitely.

Other monetary travel costs are ignored.

[38] develops the bottleneck model under more general scheduling preferences, while allowing
for random queue sorting.

This may sound easier than it is. Fosgerau [12] discusses issues related to the identification of the
digtribution of VTT. De Borger and Fosgerau [10] discuss an extension to take behavioura
anomaliesinto account.

The estimate is computed using a non-parametric technique, which does not impose the
restriction that the cumulative distribution should be increasing. It is therefore evidence of the
internal validity of the stated preference (SP) datathat an increasing function does resullt.

Arnott, de Palma and Lindsey [2] discuss pricing with heterogeneous travellers in the context of
the bottleneck model. Arnott and Kraus [4] discuss marginal cost pricing when travellers are
heterogeneous but the differences are not observed.

A theoretical investigation of these issuesis undertaken in [23].

This pattern is generated by the random capacity bottleneck model for any distribution of
capacity [13].

Previoudly, this had only been shown for some special cases [5, 24].

Travel times are not likely to be independent since delays on different links may have common
causes. Still, additivity must be considered an improvement over no additivity.

There are cases where equilibrium effects imply that imperfect information is not necessarily
welfare-improving [3].
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