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ABSTRACT

This paper formulated an evaluation taxonomy to identify a broad range of factors that would

be important for a comprehensive assessment. The evaluation taxonomy consists of three
dimensions: road pricing strategies, impacted groups and impacts. We classified road pricing
strategies by seven elements, and defined three types of impacted groups, and eleven impact
types. Projects with different objectives will likely emphasize the impact types and impacted
groups differently. This evaluation taxonomy is intended to be sufficiently broad so that a wide
variety of road pricing schemes can be discussed and compared in one framework.

The paper also included a literature review of previous research in road pricing, especially
regarding modeling tools and methods for conducting evaluation. The review indicated that
there was a substantial body of work published in this area, containing many scattered ideas
and approaches. It seems like a coordinated effort is needed to streamline and in some cases

calibrate existing models so that they may be used for evaluation purposes. Finally, we also
identified two areas where previous research especially lacked--the impact of road pricing on
commercial vehicle operations, and on transit operations. Being important users and service
providers of the transportation system, we recommend that the impact of road pricing on them
should be included as part of the evaluation as well.

Keywords: Congestion Pricing, Pricing, Transportation Management,  Transportation
Economy, Evaluation
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EXECUTIVE SUMMARY

Over the past few years, there has been a resurgence of interest in the topic of road pricing,
particularly in the form known as congestion pricing. It is believed that recent advances in road
pricing technology, and the Intermodal Surface Transportation Efficiency Act (ISTEA)  of 1991
that authorized $25 million to fund congestion pricing demonstration projects have contributed

to its cause. In California, there are now three different projects that are intended to

demonstrate some benefits from congestion pricing.

However, in reviewing the considerable literature on the topic of congestion pricing, there has
been very little discussion of the needs in evaluating such demonstrations. Even a cursory
review of the literature suggests that there are many dimensions to consider in evaluating the

need for and impacts from congestion pricing. Responding to this need, this paper presents an
evaluation framework that may guide evaluation efforts for these demonstration projects,
considering the many possible dimensions of congestion pricing.

In this paper, we formulated an evaluation taxonomy to identify a broad range of factors that
would be important for a comprehensive assessment. The evaluation taxonomy consists of
three dimensions: road pricing strategies, impacted groups and impacts. We classified road
pricing strategies by seven elements, and defined three types of impacted groups, and eleven
impact types. Projects with different objectives will likely emphasize the impact types and
impacted groups differently. This evaluation taxonomy is intended to be sufficiently broad so

that a wide variety of road pricing schemes can be discussed and compared in one framework.

The paper also included a literature review of previous research in road pricing, especially
regarding modeling tools and methods for conducting evaluation. The review indicated that
there was a substantial body of work published in this area, containing many scattered ideas
and approaches. It seems like a coordinated effort is needed to streamline and in some cases
calibrate existing models so that they may be used for evaluation purposes. Finally, we also
identified two areas where previous research especially lacked--the impact of road pricing on
commercial vehicle operations, and on transit operations. Being important users and service

. . .
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providers of the transportation system, we recommend that the impact of road pricing on them
should be included as part of the evaluation as well.
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1. INTRODUCTION

Over the past several years, there has been a resurgence of interest in the topic of road pricing,
particularly in the form known as congestion pricing. Traditional road pricing involves pricing

road use either directly as a flat fee for road use (as is currently done on many bridges, tunnels,
tollways  and turnpikes) or indirectly through licensing or other vehicle-based fees. For
congestion pricing, however, road use may be priced in a manner that is somewhat related to
the level of demand for the facility, and hence the level of traffic congestion on a certain facility

or network. For many reasons, the concept of congestion pricing has received increased
attention from both the academic and the transportation policy and planning communities.
Recent reports by the World Bank (Hau 1992a) and the Transportation Research Board (1994)
have been widely distributed; a great many other reports and articles have also been published

in this area.

As suggested by the TRB report, some of the recent interest in congestion pricing is due to

recent advances in road pricing technology. The recent research, development and
implementation experiences in the realm of Intelligent Transportation Systems (ITS) have led to

new electronics to collect fees for road use. There are a number of operational systems in the
US that can collect tolls and other fees directly, electronically, without requiring the driver to

stop or even slow down. In general, a stationary reader at a fixed collection point can
communicate with some type of transponder on board the vehicle. When the vehicle passes the
collection point (even at highway speeds), messages are shared between the transponder and
the fixed reader, allowing efficient, fast and secure transactions.

Additional interest in congestion pricing has been fueled by recent federal legislation and
funding for congestion pricing demonstrations. The Intermodal Surface Transportation
Efficiency Act (ISTEA) of 1991 authorized $25 million over a 6-year period to fund planning
and implementation of up to five congestion pricing demonstration projects. Initially, a single
project, the San Francisco-Oakland Bay Bridge, was chosen. Other areas are now receiving
some of this funding to determine the feasibility and begin planning for such projects.



In California, there are now three different projects that are intended to demonstrate some

benefits from congestion pricing. The Bay Bridge project, involving a differential peak/off-
peak toll structure for the bridge, is currently on hold pending support from the California State
Legislature. A second project, coming on line in the fall of 1996, involves allowing single-
occupancy vehicles (SOVs) the opportunity to pay a toll to use a high-occupancy lane on I-15
near San Diego. This so-called high-occupancy/toll (HOT) lane would require pricing based on
the level of congestion in the HOV lane, as the operator is required to maintain level of service
B in the HOV lanes. A third project, which began operation in December 1995, involves the
pricing of a new privately-financed toll road in the median on State Route 91 (SR 91) in Orange
County. The private operator may use differential pricing schemes, based on the time of day
and/or the level of traffic congestion on the facility.

These demonstration projects offer a unique opportunity for the transportation research,
planning, and policy communities to observe the mechanisms and results of congestion pricing
in the US directly. To date, the applications of congestion pricing have occurred overseas, and
many researchers have questioned the extent to which such experiences could be transferable to
the US. Rather, much of the debate in this country has focused on the political acceptability,
potential economic implications, and hypothetical transportation system impacts that might
occur if congestion pricing were applied. Finally, it seems that years of speculation and
theoretical study of the effects of congestion pricing may finally be borne out in these

demonstration projects.

This evolution from theory to practice naturally raises the question of what information can be
learned from such a demonstration project. The congestion pricing demonstration itself may
only prove the feasibility of the concept. More fundamentally, however, there are many
unresolved questions about congestion pricing that could be asked empirically through the
course of a demonstration. As in all research, a structured approach is necessary to collect and
analyze data in determining answers to these questions. Transportation, demographic, social
and economic data, when properly analyzed and digested, should support credible answers to
these questions. Thus, anticipating the importance of the results of a demonstration, it is vital
that any US experience with congestion pricing undergo a thorough and objective evaluation.
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However, in reviewing the considerable literature on this topic, there has been very little
discussion of the needs in evaluating such demonstrations. Even a cursory review of the
literature suggests that there are many dimensions to consider in evaluating the need for and

impacts from congestion pricing. However, these have largely been considered in the
theoretical; with these demonstration projects, we are now moving into the practical. To get
meaningful information about the potential impacts from congestion pricing, a more detailed
structure is needed to guide the evaluation of these demonstrations.

This paper presents an evaluation framework that may guide evaluation efforts for these
demonstration projects, considering the many possible dimensions of congestion pricing. At
the highest level, an assessment must consider the underlying objectives and goals of the
pricing project; a structure for these objectives is presented in Section 2. Section 3 then presents
a more detailed taxonomy of factors to consider in the evaluation: the set of impacts, the
impacted individuals and groups, and the available technologies. With this taxonomy, Section
4 identifies the range of relevant literature that addresses these factors, and identifies tools that
may be required to perform the needed evaluations of these demonstration projects.

Conclusions about this evaluation approach are given in Section 5.

2. OBJECTIVES  OF ROAD PRICING

At the highest level, an evaluation of a road pricing project must begin by examining the
underlying goals and objectives of the project. The evaluation of specific factors and potential

impacts from congestion pricing must be logically connected to the goals of the project (e.g.,
May 1992). Several broad goals have been mentioned in the literature that provide the most
persuasive arguments for congestion pricing, including:

1. Cost recovery for planning, construction, operation and maintenance
2. Pricing of social costs / externalities
3. Effective management of transportation demand



A n  E v a l u a t i o n  T a x o n o m y  f o r  C o n g e s t i o n  P r i c i n g

In essence, the objective(s) of a congestion pricing project may be expected to influence the
relative importance of various factors in the evaluation. For example, if the motivation for
congestion pricing is to provide transportation-related revenues, one must be careful how
much weight is put on its value for the impact of reducing congestion. Below, we discuss each
of these three objectives and its resulting impacts on the evaluation.

2.1. Cost recovery

Perhaps the most well-accepted practice of road pricing is to charge user fees to recover capital,
operations and maintenance costs of a given facility. This type of objective has been the
primary motivation for the pricing of toll roads, turnpikes, bridges, tunnels, etc., as has been
practiced for a very long time. The operating agency (public, quasi-public, or private) typically

issues bonds to pay for the infrastructure and its upkeep, and relies on user fees to cover these
bonds. Depending on the degree to which different user groups can then be uniquely
identified, the operating agency may then choose to charge different tolls to different user
groups, depending on some quantitative measure of their “use” of the facility. For example, it
is common practice to charge tolls on these facilities that differ based on the type of vehicle (e.g.
automobiles, light trucks and heavy trucks) or on some proxy for wear and tear of the roadway

(e.g. number of axles).

In the context of congestion pricing, an operating agency may instead seek to recover costs
from users based on segmenting users by the degree to which they cause congestion (slower
speeds, delays, longer travel times, etc.) on the facility. With the overarching goal of cost
recovery and return on investment, the private company constructing and operating the toll
road along SR 91 in Orange County has chosen a congestion-based toll structure. In this way,
the price charged during peak periods of congestion will differ from that charged at off-peak
times. The user segmentation can be achieved through electronic toll collection technology and

real-time announcements of tolls to drivers approaching the facility.

Understanding this objective, there seem to be at least two factors of highest importance in the
evaluation. First, the agency that operates the facility is concerned about the effectiveness of

4



the pricing strategy to ensure adequate cost recovery. Second, both the operator and the users
of the facility will need to determine whether the pricing policy is equitable. In this case, equity
may be measured by the extent to which those who pay receive the benefits, perhaps in some
proportion to their payment. Other factors in the evaluation, such as the level of traffic
congestion or changes in system-wide travel demand patterns, are of secondary concern

relative to these elements.

2.2. Pricing of marginal social costs or externalities

A second objective of road pricing is to charge the user a cost equal to the tofu2 costs of his/her

travel, including many externalities. Following a common line of argument in the literature
(see, for example, Hau 199213  and Decorla-Souza et al. 1992),  the traveler experiences a cost in
travel that is borne directly by him/her, such as gasoline costs, travel time, automobile use, etc.
However, there may also be costs that this traveler imposes on others that are not captured in
these direct, “out-of-pocket” costs. Such external costs could include additional congestion and
travel delay for other drivers, air pollution, accidents, etc. This pricing objective seeks to
improve market efficiency by reducing the activities that produce these external costs.
Following this argument, it is believed that a clear market inefficiency exists due to ineffective
pricing of road use, and that this inefficiency can be offset by charging a fee equal to the FUZZ

external costs.

This type of pricing scheme has been advocated by a number of transportation economists,

primarily based on arguments of system efficiency. However, the practical difficulties of
implementing this objective are considerable, primarily because it is difficult for analysts and

decision-makers to come to an agreement on (i) the magnitude of external costs, (ii) the range of
impacted user groups, and (iii) an efficient toll collection and revenue allocation methodology.
Moreover, any assessment of such a congestion pricing program would need to examine both
the effectiveness of recovering these marginal costs as well as the equity of collection and
allocation of toll revenues. Given these practical problems with designing and implementing
marginal social cost pricing, very few projects explicitly mention this objective.

5
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2.3. Demand management

A third objective of road pricing is to manage the supply of network capacity in a market-

driven manner. That is, it may be the case that the use of transportation resources is not
efficient: available capacity in one part of the network is under-utilized while it is over-utilized
to the point of congestion in another part. Through a market-based pricing approach, demand
in the network can be enticed to use the under-utilized capacity and perhaps reduce the
congestion in the remainder of the network. Thus, pricing may serve to balance the level of
supply and demand through the transportation system as a whole (see Vickrey, 1963 and 1965).
Road pricing under this objective captures the marginal costs of traffic congestion, effectively
charging road users for the marginal travel delay they cause to other users. One may consider
this objective as a special case of the second objective described above--the external cost

includes only the additional congestion and travel delay incurred on other drivers. Due to its
prominence and that many existing pricing schemes follow this principle, we separately it as

the third objective.

A number of congestion pricing demonstration projects rely on just such an objective. Perhaps
most obviously, the San Diego HOT lanes demonstration project has identified under-utilized
capacity in the HOV lanes, while there is significant congestion on the main freeway lanes.
Rather than maintaining the restriction to keep SOVs from the HOV lane, the project seeks to
develop a market for lane capacity by opening the HOV lanes to SOVs, at a price. The price
charged for that available capacity may directly affect the number of SOVs switching to the
HOV lane and the resulting level of congestion relief in the main freeway lanes.

A somewhat different perspective on transportation system capacity is evidenced in the Bay
Bridge demonstration project. In this case, there is clear evidence that the road capacity in the

corridor is highly over-utilized, and the primary motivation for implementing congestion
pricing is to reduce this congestion through a higher toll during peak periods. At a secondary
level, though, the alternatives in the corridor (primarily public transit bus, subway, and ferry)
are under-utilized at current prices. So, the pricing strategy may have the direct effect of

6



reducing the level of congestion on the main roadway, as well as a secondary effect of
increasing the use of public transit capacity.

In this class of demonstration projects, the primary objective is to introduce a pricing
mechanism into the transportation market that will more efficiently manage the existing
capacity. For this reason, the primary focus of the assessment should be on the system
performance under the pricing scheme. Measures such as the travel volumes on different
facilities, total network throughput, and levels of congestion on selected facilities are likely to
be of greatest concern to the evaluator.

2.4. Summary

In this section we have briefly reviewed three objectives for congestion pricing that seem to
dominate the literature in road and congestion pricing. However, this list is not intended to be

comprehensive; nor does it address the subtleties associated with each of the different

objectives. Rather, this review suggests that there may be many reasons for implementing
congestion pricing on a particular facility or across a road network. The conclusion we can
draw from these examples, however, is that the goals and objectives of a given application of

congestion pricing will affect the emphasis and design of the program’s evaluation. Thus, the
evaluator should consider the underlying goals of congestion pricing in valuing particular
impacts and impacted groups.

3. EVALUATION  TAXONOMY

To establish a broad perspective for this evaluation, we develop a road pricing evaluation
taxonomy, as illustrated in Figure 1. The evaluation taxonomy consists of three dimensions:
Pricing Strategies, Impacted Groups, and Impacts. Based on the objectives defined in Section 2, we
set up a structure to frame road pricing schemes so that they can be discussed and compared on



common ground. In this taxonomy, we also define the impact types and the impacted groups.
This provides a framework to expose the distribution of costs (in a generalized sense) and
benefits. The impacted groups and impact types are discussed in Sections 3.2 and 3.3,

respectively.

The contribution of this paper is not on developing this evaluation taxonomy. Rather, the
taxonomy is used as a platform to study the literature so that ideas can be generalized and
assimilated. This taxonomy is also used to survey and classify state-of-the-art evaluation
approaches, so that available modeling tools as well as missing ones can be identified. The

results of this survey study are reported in Section 4.

3.1. Road Pricing Strategies

Various aspects of designing road pricing strategies have been proposed in the past. Gomez-
Ibanez and Small (NCHRP Synthesis 210, 1994) contended that congestion pricing could take
seven basic forms: (i) point pricing; (ii) cordon pricing; (iii) zone pricing; (iv) parking charges;

(v) charges for distance traveled; (vi) charges for time spent in an area; and (vii) charges for
both time spent and distance traveled.

A report by Federal Highway Administration (FHWA) (1994, page 11) suggested a similar

approach, classifying pricing strategies according to mainly geographical scope, such as spot,
facility, corridor, area, and regional. Armstrong-Wright (1986) proposed pricing strategies
emphasizing implementation instruments, such as area licensing, parking restraints, user taxes,
and vehicle ownership restraints. Hau (1992a) structured road pricing implementation schemes

according to two methods: (i) indirect methods, such as vehicle ownership purchase tax, and
(ii) direct methods, such as manual charging via tollgates. On the technology side, Halloran
(1992), Hudders (1992),  and Fleming (1992) discussed approaches for electronic toll collection
(ETC), mostly through Automatic Vehicle Identification (AVI) technologies. Finally, Fielding
and Klein (1994) discussed the procedures of implementing pricing projects.

8



There is a large volume of literature discussing implementation aspects. These articles each

described road pricing strategies in their unique ways and covered part of the spectrum.
Assimilating these previous work, we propose to categorize road pricing strategies by eight

elements:

1.

2.

3.

4.

5.

Geographical scope: Both FHWA (1994, page 11) and Gomez-Ibanez and Small (NCHRP
Synthesis 210,1994) provided a good summary in this aspect, including (i) spot, (ii) facility,
(iii) corridor, (iv) area, and (v) regional pricing mechanisms. An example of facility or link
specific project will include the Bay Bridge in California. The ongoing project in Singapore
represents an example of a region-wide implementation.

Right-of-way: Whether the proposed tolled facility is located at public or private right-of-

way implies very different acquisition and perhaps even operation and revenue distribution
consequences. This aspect has generally been ignored in the literature.

Rate variation over time: Toll rates can be fixed, or varied by time or day and/or traffic
volume. This is possible with the advent of AVI technologies and data processing
capabilities. For example, in California, the SR-91 and San Diego HOT projects will both
adjust their rates based on traffic volumes on their facilities.

Basis for Charge: Tolls can be charged according to, for example, duration of stay in a
congested area, annual mileage driven, or entrance/exit to a cordoned area or a facility, etc.
The charge base should be closely related to the objective of the pricing project; for example,
the impact of annual mileage-based fees will be very different from facility tolls. Hau
(1992a) and Armstrong-Wright (1986) provided a good summary of this aspect of road

pricing.

Target market: Tolls can be charged or exempted according to specific vehicle types. For

instance, during morning and evening rush hours, high occupancy vehicles or HOVs (of
three of more passengers) are exempted from paying the toll on the Bay Bridge. Also, single
occupancy vehicles (SOV) will be allowed to use the HOV lane (on I-15) by paying a toll.



6. Implementation agency: This should be closely related to the objective and motivation of
the pricing program, the institutional and organizational requirements for its operations,
and finally, responsibility and accountability. For example, SR-91 in Orange County is built

and operated by a private company for primarily business reasons. The Bay Bridge project,
however, will likely be implemented by the Metropolitan Transportation Commission, with

the goal to reduce peak hour congestion.

7. Toll collection approach/Technologv:  This includes traditional toll booths for facility
pricing, or the daily license scheme used in Singapore. The advent of AVI and in-vehicle
display technologies permits innovative ways of collecting tolls and targeting specific

markets. For example, Van Vuren and Malcolm (1990), Ghali and Smith (1993a),  and El
Sanhouri and Bernstein (1994) discussed ways of combining route guidance (AVI) and road
pricing to achieve the goal of effective traffic management.

8. Use of revenue: Given that distributional issues are of particular concern to the public and
many interest groups, we include the uses of road pricing revenue as one of the distinctive
features. For privately financed toll facilities, the goal of pricing is clear--to recover
investment. In other cases when pricing is used to manage traffic demand or ration travel
externalities such as air emissions, the possible uses of the revenue is less definite. Small
(1992) proposed a simple tri-partite rule: one third as monetary reimbursement to travelers,
one third as a substitute for general taxes used to pay for transportation services, and one
third for new public services including transportation. FHWA (1992, Section 2) provided a
more detailed review of different ways of using the revenues from road pricing.

These eight elements are devised to be independent and comprehensive, and can be combined
in different ways to achieve various pricing objectives. One aspect of particular importance is
the development of AVI and Advanced Transportation Management and Information Systems
(ATMIS) technologies. They offer flexibility and precision for designing innovative pricing

systems. For example, if controlling air emissions is an objective, a toll can be set and charged
according to a vehicle’s air emission levels and the ambient conditions, with both being
measured in real-time. Alternatively, tolls can be determined from real-time traffic conditions
to effectively manage traffic.
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3.2. Impacted Groups

The second dimension delineates the recipients of the impacts, so that the allocation of cost and
benefit can be exposed. The ultimate goal is to allow an evaluator to assess whether the scheme
is efficient for the entire system as a whole, and on a per group basis. Assessing system
efficiency is critical since it is, the motivation for implementing congestion pricing in the first
place. On the other hand, assessing the allocation of cost-benefit per impacted group answers
questions regarding the distributional effects of achieving such system efficiency.

Distributional effects of road pricing have been a topic of constant discussion in the literature
(see for example, TRB (1994, Vol. 1, pp. 66); FHWA (1994, Section 4); Cameron (1994)). As
identified in Gomez-Ibanez (1992),  Bhatt (1993) and others, objections based on inequitable
distribution of benefits and costs of road pricing are among the most difficult barriers to
overcome. It is, therefore, important to identify the winners and losers and the extent they are
impacted. As pointed out in Bhatt (1993),  subsequently, appropriate compensatory measures
can be determined to mitigate adverse impacts for particular groups.

For evaluation purposes, we identify three types of impacted groups:
1. Users of the transportation system
2. Providers of the transportation services ’
3. Society as a whole

1. User Groups

The eventual goal of this classification is to differentiate the user groups so that the benefit and
cost distribution can be illuminated. At the highest level, we divide users into two big
categories: travelers and commercial vehicles. These two categories cover the movements of
people and goods on the transportation system. Each of them is subject to different cost and
travel time considerations, and hence is appropriately separated for evaluation purposes.

11



The distribution of costs and benefits among different traveler groups has been a topic of
considerable discussion in the past. Most of the discussions pivot on the underlying concept of

equity. The most commonly adopted view of equity considers the distributional effects
according to income classes (see for example Cameron (1994)). Therefore one way of
classifying travelers is by income quartiles. This is a convenient classification, especially for an
evaluation of the impacts on low-income travelers.

There are other notions of equity that need to be addressed as well. Bhatt (1993) defines three
other dimensions of equity: (i) Gender equity--congestion may have a disproportionately more
adverse impact on women road users compared to men. (ii) Geographic equity--congestion
pricing spill traffic to unpriced facilities; therefore, an assessment of impacts on users of priced
versus unpriced facilities in the vicinity is necessary. (iii) Causal equity--this notion attempts to
match those who create the congestion and related problems with those who should pay for the
solution (i.e. equating those who benefit with those who pay).

In addition, there is the equity between different modes of travel: high occupancy vehicles
(HOV), single occupancy vehicles (SOV) and transit riders. Finally, different trip purposes may

have different cost and time tradeoffs; we include them as a final user group category. With
this classification scheme, a trip may be classified in multiple categories. This is fine since the
intention is to create categories that can highlight potential tradeoffs for a given road pricing

scheme.

In summary, this notion of equity requires an analysis of the distribution of costs and benefits.

Six possible classifications for user groups include:

1. Income
2. Mode
3. Gender
4. Geography
5. Trip purpose
6. Cause

12



Some of cost and benefit analyses across these user groups are difficult and expensive to
conduct. Moreover, the existing literature seems to indicate that there is very little conclusive

investigation of these kind of assessment approaches. Dependent on the project’s objectives,
given limited resources for evaluation, prioritization of these user group analyses should be
defined. From the existing literature, it appears that analyses for the first three categories are

more developed than the latter three.

Regarding the impacts of road pricing on commercial vehicles, there is very little information
ever gathered for this purpose. We could not identify a single framework set up to examine this
question, which supports a similar conclusion by TRB (1994, page 91). Given the potentially

large impacts of road pricing schemes on commercial vehicles, we retain it as an important user
category in the evaluation taxonomy.

2. Transportation Service Providers

One aspect of road pricing that is rarely addressed in the literature is the impact of road pricing
implementation on transportation service providers. They in general include two broad
categories: transit agencies and traffic management agencies.

A simplistic view of road traffic considers mode shifts from SOVs to transit as “disappeared”
trips. How the transit system accommodates these additional demands is external to the traffic
analysis. This is a safe assumption if the transit system has spare capacity. In this case, the
additional revenue generated should be documented as part of the positive impacts of road

pricing. For situations where the transit system must change service patterns to cope with new
demands (e.g. by increasing schedule frequency or adding new routes), changes in transit
revenues and costs should be evaluated and documented. Except in (TRB 1994, Vol. II, paper by
Kain), there is very little we can find in the existing literature that discussed the magnitude of

impact of road pricing on transit services.

Traffic management agencies is the second group that would be impacted by road pricing. On
the positive side, they may receive some revenues from road pricing to expand their functions,
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such as build more roads, have better traffic control systems, or disseminate more accurate
traffic information. The benefits of having these expanded capabilities should be documented
as part of the impact of road pricing. On the requirement side, if the traffic management
agencies are also the implementors of the road pricing scheme, one ought to evaluate, given
their current regulatory and enforcement style of traffic management, whether they can adapt
to this new market-based approach for traffic demand management. These types of impacts are
captured in Section 3.3.

3. Society

Society as a whole, without differentiating the specific users groups, may be evaluated as a
separate group. This group may be conceived as the government in general or the “system”. Its
purpose is to illuminate impacts that individual user groups would not be as concerned about,
such as environmental impacts, overall network travel conditions, or government tax revenues.
This was actually the argument that motivated economists to develop road pricing concepts in
the first place (see, for example, Vickrey 1963). The concept of congestion pricing has been aptly
summarized by Mohring and Anderson (1994),  “Urban travelers both experience congestion
and contribute to it. Inducing the operator of a vehicle--any vehicle--to remove it from a traffic

stream would save not just its occupants’ own time but also the time cost they would otherwise
impose on other travelers by adding to the road’s congestion level.” It was the achievement of
system-level objectives that motivated this concept.

However, the concept does not imply that any road pricing scheme will automatically result in
an increase in social welfare. Recent evidence shows that the Singapore road pricing program--
Area Licensing Scheme--may result in a decrease in social welfare, despite a drop in peak hour
traffic. Wilson (1988) reported that after implementing the road pricing program in Singapore,
peak hour traffic reduced by 65%,  bus ridership increased from 35.9 to 43.9%; however, 44.1%
of peak hour commuters experienced longer travel time, and only 36.1% experienced shorter
travel time. This was because higher transit speed due to lower peak hour traffic was more than
balanced by greater bus ridership and hence more and longer stops (Wilson, 1988). The
net effect appeared to be longer travel times for the transit users. This result seemed
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discouraging since the policy was supposed to alleviate congestion and reduced travel time.
This example also illustrates the importance of assessing the effects from multiple criteria.

Selecting society as an impacted group will also facilitate the evaluation and summarization of
impacts such as financial viability of a project, and other longer term impacts such as land use
changes. These impacts will be discussed in Section 3.3.

3.3. Impacts

Much of the literature in road pricing focuses on two type of impacts: time and money. Despite
these are two very important attributes, they do not capture the entire scope of impacts for
evaluation. Based on the objective of the pricing program, evaluation should include measures
that address the level of attainment of that objective and possible side effects, such as changes
in emissions, accident rates, etc. More recent thinking in road pricing has widened the scope of
evaluation substantially. For example, FHWA (1994, Section V) recommended eight aspects for

evaluation: (i) transportation and traffic, (ii) high occupancy vehicle use; (iii) air quality, (iv)
violation and enforcement, (v) traffic accidents, (vi) public information and community

response, (vii) pricing system technical performance, (viii) financial, economic, and

distributional results.

The UK Department of Transport has identified eight major areas for evaluation (Richards,
1992): (i) travel choice impacts--encompassing demand impacts on both personal and
commercial vehicle travel, (ii) transportation network impacts--encompassing network
responses to different levels of demand, (iii) urban economy impacts--including effects on
commercial vehicle operating costs and practices, and other consequential costs, (iv) social and
equity impacts, (v) environmental and safety impacts, (vi) technology--including the
technology of enforcement, (vii) administration--including the administration of enforcement,

(viii) social and public acceptability.
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The above two impact structures share much common ground. Along this same line of
thinking, Richards (1992) proposed another eight ways of framing impacts. In the following,
building on Richards’ ideas, we establish a comprehensive list of eleven impact areas:

1. Demand-side impacts: How does a particular user group change their travel behavior, in
terms of departure time choice, mode choice, route choice, destination choice, and decision
to travel? What are the demand shifts?

2. Supply-side impacts: How does the transportation system perform, as a function of time of
day, on the priced and unpriced facilities and on the alternate modes? Can the supply side
cope with the demand shifts?

3. Impacts on urban economy: How will commercial operations, businesses within, outside or
in the vicinity of the priced facilities, and the selection of residential location be affected?
This impact measure covers the shorter term impacts on business operations as well as the
longer term impact of land use changes.

4. Equity: How will different user groups defined in Section 3.2 be affected? An analysis of the

incidence of costs and benefits according to the different classes of users (see Section 3.2)
will provide useful information to identify the winners and losers.

5. Environment and Safetv:  How will air quality, noise levels and accident rates change?

6. Financial: How will costs and revenues of the pricing program affect the financial status of
implementing agencies, transit agencies, traffic management agencies, etc.? Is the program
financially viable?

7. Enforcement and Compliance: How effective is the enforcement approach? How much does
its cost? What is the rate of compliance/number of violations?

8. Technologv: To gauge future choices, we recommend technology as a separate category for
evaluation, even though it is tilted more toward the operational rather than the impact
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aspect of pricing programs. This is because the performance of many of these new

technologies, such as AVI, are still relatively untested. The early demonstration programs
should provide data on the performance of the concept as well as its apparatus.

9. Public acceptance: Road pricing is an untested but rather old concept. Public acceptance is
clearly an area that evaluation must address. Do people gradually accept road pricing

projects over time? Or do they remain skeptical and object to their implementation?

Guiliano (1992) suggested some helpful hints in public acceptance based on some case
studies. As TRB (1994, Vol. I, page 102) pointed out, the early congestion projects, given
their small scale, are not likely to impact regional air pollution and travel time reductions,
but they will provide unique opportunities to evaluate, among other things, the political

sensitivity to pricing as a transportation policy option.

10. Impacts on institutions: In the case of the implementor being public traffic management
agencies, can they adapt from a regulatory and enforcement environment to a market-based

management approach? How will the various institutions with different cultures and
practices work smoothly together to implement road pricing projects?

11. Organizational changes: For the implementing agency, a road pricing program may
significantly alter its operations and network management practices. What changes in
operating procedures are required? What are the changes in job skills or workforce
requirements for those involved with the road pricing project?

These eleven impact areas form a comprehensive set. It does not mean that every program
evaluation must cover them equally. Depending on the objective of the program, given limited
resources, some prioritization is required. As a minimum, it appears that the evaluation should

cover impact types l., 2., 4., 6., 7., and 9. to some degree.
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4. STATE-OF-THE-ART EVALUATION  TOOLS

Based on the evaluation taxonomy defined in Section 3 as a framework, this section identifies
state-of-the-art approaches and modeling tools for evaluating road pricing projects. From a

detailed literature review, we were able to identify about 190 published articles, reports, or
books related to road or congestion pricing. The detailed references are listed in the Appendix.
There was a substantial number of articles discussing road pricing as a policy option. Relatively
few articles addressed directly the evaluation of road pricing projects (less than 30). Yet fewer
articles discussed or proposed modeling tools or approaches for their evaluation (less than 15).
This is not surprising, since evaluation was only recently recognized as an important part of
road pricing projects (TRB 1994; FHWA 1994). And actual proposals for road pricing projects
were initiated after ISTEA in 1991. In short, although the theory behind road pricing is fairly
well developed in the literature, the modeling approaches and tools that support its evaluation
lag behind.

To illustrate the coverage of previous literature, we classify those that are relevant to evaluation
by the taxonomy developed in Section 3. Table 1 illustrates the results of this classification--
cells with bold lines represent instances where a meaningful relationship exists. Without going
through the detailed references, we use three levels of shades to indicate the amount of
published articles for each meaningful incidence. Blank cells, and cells with light shades and
heavy shades represent, respectively, no article, less than 5 articles, equal to or more than 5
articles found. Although this is a subjective assessment, the results do indicate some interesting
patterns. In the following, we discuss the results of this literature review by impacted groups.

Societv and Traveler Groups

Modeling tools to determine demand-side impacts are reasonably developed (see for example:
Harvey 1979 and 1994; Cameron 1991; Saccomanno 1984; Harrison et al 1986). They can be used
to estimate measures such as mode shifts from SOVs to HOVs or transit ridership. However,
the existing literature seems to indicate that there was rarely any validation of results produced.
We believe that these models will be benefited significantly if data collected from road pricing
projects can be used for their calibration.
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Supply-side impacts (e.g. transportation system performance) require good dynamic traffic
models to derive the resultant traffic performance. Since traffic simulation models have been
improving significantly over the past decade (such as TRAF-NETSIM family, INTEGRATION,
etc.), such ability should be available. However, there were few paper that addressed the
linkage of these traffic simulation models with demand models to simulate the impact of

congestion pricing.

Also in reviewing the literature, most of the quantitative and analytical results were based on
applying simplistic speed-density-flow relationships such as variations of the BPR function on
a single link. Generalizing these results to network performance in the presence of realistic
conditions, such as traffic control, queuing, stochastic distribution of vehicle or traveler
preferences, discrete step-wise toll structures, etc. are largely new aspects that need to be
addressed. A closely related but unresolved question of this is the determination of tolls that
achieve the coveted objective. Along these needs, these are some samples of recent work: Ghali
and Smith (1993b) included traffic control in the consideration, Ran and Boyce (1994, Chapter
15) discussed a mathematical platform to relate dynamic system optimal characteristics with
congestion pricing, Smith et al. (1994) proposed the existence of optimal road tolls under
stochastic user-equilibrium, Bernstein and Smith (1994) examined the impact of having step-
wise toll structure, Yang and Lam (1995) examined the optimal road tolls under conditions of
queuing and congestion, and Yang and Huang (1995) investigated the appropriateness of the
principle of marginal-cost pricing in a general road network.

The evaluation of dynamic tolls in a network often involves the so called dynamic traffic
assignment models. Examples of these models include: Cascetta (1989),  Drissi-Kaitouni and
Hameda-Benchekroun (1992), Berstein et al. (1993),  Friez et al. (1993),  Chang and Mahmassani
(1988),  Mahmassani and Peeta (1992),  Janson (1991),  and Ran et al. (1993),  Ran and Boyce
(1994),  and Ran, Lo, and Boyce (1996). In summary, this is a dynamic area with many active

studies in progress. Most of these studies looks at the problem from an analytical, yet
independent perspective. Adapting these approaches to evaluation would require a good effort
of assimilation.
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On the contrary, the impact of urban economy (such as longer term land use changes, and
impact on businesses in the vicinity of a tolled facility) is largely unexamined (Deakin, 1994).
The lack of a credible modeling tool is the major reason.

Distributional impacts or equity has been contended in a number of articles (for example:
Dawson and Brown 1985; Bhatt 1993; Giuliano 1994). The evaluation approach is mainly

through surveys and focus groups. This is another area that will be benefited from the

demonstration programs. With actual data, one can improve these contentions by establishing
the magnitude of this impact, hence allowing the design of fairer compensatory measures.

There is also a relatively large number of articles discussing the financial aspects of road pricing
projects (See for example: Hau 1992a,  1992b; Ramjerdi 1993; Fielding and Klein, 1994). This is
not surprising since finance is one of the crucial aspects of road pricing schemes. Finally, the
tool to evaluate public acceptance has also been reasonably addressed, which is primarily based
on stated preference survey methods or focus groups (for example, see Petrakis 1991). In
summary the tools for evaluating impacts on society and traveler groups are essentially

available. Most of these modeling tools focus on shorter-term impacts, however. The research
on longer term impacts such as land use and urban economy changes (e.g. productivity ) is still

undecided to date . It is also important to note that the available models are mostly
unvalidated, and sometimes they may be inconsistent with each other. Data collected from
earlier road pricing projects can be helpful for their calibration, so that they may be used for

subsequent and later evaluation activities.

Commercial Vehicle Operations

Unlike the first two impacted groups, very little is ever published on the impact of road pricing
on commercial vehicle operations, or transit agencies. For commercial vehicle operations, how
would road pricing programs affect their business operations, financial status, and eventually
business practices are largely undetermined. Bhatt (1993) argued generically that, due to their
higher value of time than private autos, commercial operations should benefit from road
pricing. However, there was never a study framework set up to investigate the impact of road
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pricing on them. The lack and need of such research for a comprehensive assessment of road

pricing programs are apparent.

Transit Agencies

Similarly, there was very little published work on the impact of road pricing on transit. On the
demand-side impacts, a number of models can estimate the shifts from SOVs to transit, as
mentioned earlier (for example, see: Harvey 1979, Cameron 1991). Kain in (TRB, 1994) proposed

a general framework to examine the impact of road pricing on the transit system. However,
Kain could not collect sufficient data to establish results.

For transit systems that must be expanded, short-term cash flow problems need to be resolved,
and an eventual cost-benefit analysis need to be assessed. The Singapore road pricing programs
produced some insights of the financial impact on the transit system (Hau 1992a). However,
since the transit or bus system in Singapore had a high level of ridership even before the road
pricing program (about 39%),  the transferability of results is questionable. In short, research

and data are definitely needed for assessing the impact on transit agencies.

Traffic Management Agencies

For traffic management agencies, (in many cases they are also the implementor of road pricing
projects), the demand-side and supply-side impacts are related together. Changes in demand
due to road pricing, such as higher demand for HOV lanes, should translate into longer term
supply-side actions, such as providing more HOV lanes. However, most of the modeling
activities stop at analyzing the resultant traffic system performance due to road pricing. Longer
term impacts are generally not included as part of the modeling activity (see for example:

Harrison et al 1986). Realizing this lack of a broader modeling system for analyzing road
pricing and other transportation policy options, the UK Department of Transport has
undertaken development of a transport model system. The model system consists of three tiers:
(i) the upper tier is a strategy model relating demand and capacity changes of the transport
system, (ii) the middle tier is a model assessing impacts on highways and public transport as a
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result of the demand and capacity changes, (iii) the third tier consists of a series of local area
case studies to obtain detailed impacts (Richards 1992).

Since most of the recently proposed toll projects rely on new technologies such as electronic toll
tags or AVI, technology assessment of toll collection approaches is an important item. Bhatt
(1974),  Catling and Harbord (1985), and Hau (1992a) would provide sufficient background to

establish a scheme for technology assessment. Inter-institutional coordination issues within a
region, and intra-organizational adaptation to handle road pricing programs are aspects that
should be assessed too, and have generally been ignored in the past. Two articles would

provide some insights on developing appropriate evaluation approaches: Olson (1994),
Giuliano and Wachs (1992). Other than those, the demonstration projects would provide
substantial hands-on experience to investigate these institutional and organizational issues.

In summary, there is a large volume of work published in the past, discussing a wide spectrum
of issues. However, most of them did not aim at providing methods to evaluate road pricing

projects. It appears that a coordinated effort is much needed to consolidate previous efforts,
streamline and calibrate existing models so that they may be used for evaluating road pricing

projects.

5. CONCLUSIONS

TRB (1994, vol. I, Section 5) aptly summarized the importance of having a reliable evaluation
for early road pricing projects: it will enhance the discussions with reliable information about
how the traffic system is impacted, how the benefits and costs are distributed, and how the
public perceive before and after the change. All this information will only be available if a
comprehensive evaluation is planned and executed for each of the limited number of early

pricing projects.

This paper presents an evaluation taxonomy to identify a broad range of factors that should be
considered for a comprehensive assessment. We formulated the taxonomy with three
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dimensions: road pricing strategies, impacted groups and impacts. We classified road pricing

strategies by eight elements, and defined three types of impacted groups, and eleven impact
types. Arguably, this is one of the most comprehensive framework set up for evaluating
congestion pricing programs, with most of the previous work assimilated in this framework.

Subsequently, the taxonomy is used as a platform to study the literature so that ideas can be
generalized and assimilated. State-of-the-art evaluation approaches and available modeling
tools as well as missing ones were identified. This literature review indicated that there was a

substantial body or work published in this area, containing many scattered ideas and
approaches. It appears that a coordinated effort is needed to streamline and in some cases
calibrate existing models so that they may be used for evaluation purposes. Finally, we also

identified two areas where previous research especially lacked--the impact of road pricing on
commercial vehicle operations, and on transit operations. We recommend that the impact of

road pricing on these two operations should be included as part of the evaluation.
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Table 1 Coverage of existence literature: blanks, light shades, heavy shades represent no
article, less than 5 articles, and greater than or equal to 5 articles found, respectively.
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