Bolize, M. Roth, N

APPLYING MOBILITY PRICING INSTRUMENTS
TO OPTIMIZE TRAFFIC AND TRANSPORT

Praf. Dr.-Ing. Manfred Bolize, M Se. Nadine Roih,
Chair of Transport Planning and Traffic Engineering,
Technische Universitar Darmstadt, Germany

ABSTRACT

Among numerous. estahlished instruments of Mobility Pricing, e g. public transport tariffs or
parking fees. new approaches for pricing the mobility can be found more and more. City ol
systems, like the introduced ones in London and Stockholm, pain a lot of attention, also
internationally. As a consequence, in many countries, the opportunities and risks of new
instruments are going 1o be debated inlensively. In order to support the upcoming discussions,
this article looks into the requirements and the effects of the different mobhility pricing
instruments. The potential goals of mobility pricing are presented. and an overview of the
different types of instruments is given, Mobility Pricing offers significant contributions to
achieve political and planning goals and to optimize traffic and transport systems. An
vbjective and substantiated discussion of new instruments appears to be not only desirable but
ubsolute necessary. in terms of a sustainable design of our traffic and transport systems.,
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INTRODUCTION

Monility Pricing comprises all the instruments by which a user must pay lor his potential and
realized spatial mobility in passenger and freight traffic.

Numerous mobility pricing instruments are already established worldwide. c.o. public
transport LarifTs, parking fees, or fuel taxes. Recently. some new approaches and applications
of pricing schemes (such as the road pricing in London or Stockhalm) parned a lot of
attention, also internationally. As a consequence, in many countries, the oppurtunities and
risks of new instruments are poing to be debated intensively. However, gz in Germany the
deployment of such new instruments was still politically resisted until now because the public
acceplance level was estimated to be low, There the topic is increasingly discussed only
lately. The discussion about application is supported by the positive experience in Germany
with the freeway truck Loll, by successes in international implementations as well as, by an
intensified need for action in the finance and traffic management sectors. At the same time., il
is generally accepled that the experiences in specific countries cannni directly be transterred
to every other country and that the correlation between the different mobility pricing
instruments must he eonsidered.

In order to support lhe upcoming discussions regarding lhe opportunities and risks of an
implementation of such instruments. this article looks into the requirements and the effects of
the different mobility pricing instruments, The potential =oals of mobility pricing will be
presented, and an overview of the different types of instruments will be given. The potentials
and the risks of individual instrumems will be identitied with special consideration of
intermodal aspects, This includes a summary of some current inlernational developments.

This article is bused on a study financed by the ivm GmbH (Integriertes Yerkehrsmanagement
Region Frankfurt RheinMain).

GOALS OF MoORILITY PRICING

The goals of an application or alignment of mobility pricing instruments mostly lie in the
scope of traffic management and financing. The guestion of acceptance plays a role in both
scopes, Regardless ol the intenticn an instrument is adopted with, it will affect both scopes.

The strategic goals of (mific management lie in the fulfillment of the mobility needs. an
merease in rattic safety, an improved cost effectiveness, the protection of natural resources as
well as, the reduction of the environmental impacts. From an operational point of view, the
goals ol traffic management may be classified as teailic avoidance, traffic shift {timely,
spatially, modally}. and traftic control, The goals are summarized in Figure 1.

[he current report Iocuses on the areas of traffic management and acceplance. Finance has an
undisputed high level ol importance: however, it will not be the fucus of this repart,
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Figure 3: Goals of Mobility Pricing (Summary)

CATEGORIZATION OF THE MOBILITY PRICING INSTRUMENTS

Despite the prevalent use of the same term, there can be essential differences between the
applied instruments, which can, c.g.. be seen in the term City-Toll®. This instrument was
adopted by, e.g., the City of London in 2003 under the name Congestion Charge®, and the
City of Stockhalm introduced a time limited trial in 200572006 under the name
LTriingelskatt, Since 15t of August 2007, the City-Toll system in Stockholm is permanently
implemented. However. the two systems in London and Stockholm have quite diflerent
paramelter values and conscequently different effeets.

This necessitates a detailed differentiation and categorization of the mobility pricing
nstruments, which is possible on the basis of tour questions (Why are charges imposed” For
whal are charges imposed? On what basis are charges imposed? By which means are charges
imposed?). The attributes and their characteristics defined via the questions are presented in
Figure 2.
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ANALYSIS OF EFFECTS AND REQUIREMENTS

The consideration of the dilTerent design possibilitics of the mobility pricing instruments as
well as the closer examination of current case studies and reports. and some analyses of the
mohility budget serve to describe the effects and requircments of the different instruments.
Thereby. dircel (modal) effects. intermodal cffects and financial dependant affects must be
considered.

The following analysis of effects and requirements is carried out based on these six evaluation
areas which are derived from the goals: traffic situation. economy, environment, aceeptance,
financing and system design. The following core predicates have been claborated to focus the
results of this analysis. Comprehensive literature and case swudy references proving the
individual predicates are contained in the unabridged version of this sudy (Boltze ¢l itl.,
2007).

Traffic Situation

Mobility Pricing can change mobility behavioar,

= The traftic volume can be influenced according to the set goals.

TralTic avoidance is possible e.p. via a more efficient use of traftic means. For instance, this
effect can be observed in Lhe implemented svstems in Singapore (cf. Steininger i al., 2005)
and the truck toll in Germany (cf. Bundesamt (ir Giiterverkehr, 2008), Furthermore, the local
traffic volume can be altered by changing the destination choice and reducing the travel
distance. A change in the choice of the travel time arises primarily when temporally
differentiated fees are introduced. A good example of this is the City-Toll trial in Stockholm,
where an appreciable relief during the rush hours was observed (cf. Stad Stockholn, 2006a).
An influence on the destination choice is possible through modal, intermodal and financial
dependant effects. This influence is pariicularly hoosted when sufficient alternatives arc
available, which can be observed e.g. within the London city toll (¢l Bell et al. 2004). A
change to the route selection could be chserved in the implemented system in Trondheim (cf.
Progress, 2007). Thereby, a targeted influence is possible through a spatially differentiated
charging model. Financial dependant and intermaodal effects play one of the main roles in

Stockholm and London, which lead to an appreciable change in the traffic behaviour (cf. Slad
Stockholm, 2006b; Transport for London, 2006). A decision between qualitatively different
offers of the same traffic means is made at the changing of the product choice. Product choice
adaptien by the traffic participants can also be nfluenced through differing price levels.

= A range of potential improvements of the traffic situation and traffic quality arise from

these opportunilics w inlluence traftic volumes.

Mobility Pricing instruments can lead to a more efficient utilization of the traffic means and
infrastructure through the produced traffic shifl. Capacity overload in motorized traffic and
public transport can be reduced. A considerable reduction in tratfic jams could be observed in
London as well as in Stockhalm (cf. Steininger et al.. 2005; Stad Stockholm, 2006a). Due 1o
the reduced congestion, it is possible to increase the travel speed in turn, and thus to reduce
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the ravel time. Abave all, the intermodal ¢ffects are important here. Through the enabling of
better and faster service. public transit also benefits from the motorized traftic charges and its
assoviated improvements. The effects on the traffic safety through mobility pricing must be
considered differentiated because positive and negative offects may emerge. However, overall
positive effects were observed in London and Stockholm (cf. Transport Tor London, 2006:
Stad Stockholm, 2006h),

=> Obstructing the trallic flow throuph technical processing can be nearly completely
avirided,

In all the recently realized case study examples (c.g. German truck toll, performance related-

heavy traffic charge in Switzerland (LSVA), city toll in London, city toll in Stockholm),

obstructions arising from the technical payment and enlorcement systems could be avoided

through modern systems,

¥ The effectiveness of mobility pricing instruments depends strongly on their design and on
the circumstances ol application.

A targeted influence of the elfectiveness is puossible via the price. At the same lime, the
concern ahout the price and price assessment play a role along with the price knowledge (ef,
Bauer, Z007). But prices are effective only if they are the greater deciding factor, in the face
ol other contrary affecting circumstances, Thus, the German truck toll leads enly (o a small
trallic adaption, because the extra cffort and lost time of the adaption strategios were
cstimated to be more negative than the Wwll costs (ef. Clausen ot al., 2005). The user costs must
therefare be clearly noticeable, il the behavieur should be influenced. In addilion, the
ellectivencss is inlluenced through Lhe Lrip purpose and other circumstances. This shows itself
also through different price elasticities. In the casc studies, different responses were observed
dependant en the rip purpose. Above all. a differentiation is reasonable between the
work/school traflic and the shopping/fiee time traffic. The more conscious the payments are,
the mare influential the pricing scheme is, Thus. the influence of . Oul-of-Pocket” costs on
traffic behaviour is stronger than indirect pavments. Moreover, the cfficiency is not only
dependant on the absolule price. but rather also on the relative price level of the aliernatives.

= Available possibilities to avoid the pricing will be used.

Not only desired effects need to he ohserved. Depending on the system design. undesired
effects may arise along with the desired effects. This is particularly the case where the charges
are limited. ‘Thus, the case studics display spatial, temporal and vehicle related evasive
behaviour, As an example, the use of non-charged vehicles increased through the German
truck toll as well as through the city toll in London (cf. N.N.. 2007: Transport for London.
2006). Undesired cffects can be extensively prevented through an integrated svstem desiyn.
The perlormance-based heavy trattic charge in Switzerland is an example for an implemented
system that at least eliminates domestic, undesired evasions,

= Mobility obstructions can {and should be) avoided.,

The avoidance of mobility obstructions is a basic requirement ol mobility pricing, which can
be [ulfilled. "The mobility of atfected tralfic participants will still be enabled by providing
adequate alternatives. Thus, especially important is the targelted adjustment ol the public
transport capacity during the implementation of instruments affecting individual motor
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vehicle traffic. For example, improved public wansport was realized in bath city tolls in
Stockholm and London (cf. Transport for London. 2006; Stad Steckholm, 2006a).

= Holistic Selutions are important,

In terms of an holistic solution. the obstacles affecting behavioural adjustments need to he
known. For example, these could be due to life circumstances or to the attitudes of the users.
When multiple different mobility pricing instruments with variable characteristics are
implemented, the interaction between them must be considered. In addition, financial
dependant effects play a large rvle st this. Furthermore, the interplay with other planning
parties and decision arcas, e.g. regional and urban planning, as well as the traftic quality must
be considered.

= Gathered information can be used for other purposes. subject to privacy regulations.
= The requirements of a goal-oriented price design arise from the above described effects.
Economy

Mehitity Pricing can affect the econpmy positively as well as negatively.

=» The wallic sector can be significantly influenced.

Higher transport costs can resull from fee changes and particularly from additional charges. It
is estimaled thal the German truck toll leads to an increase to the overall road transport costs
between 4 and 6% (cf. Doll and Schaffer, 2007), On the other hand. increases in efficiency are
possible due ta mabilily pricing instruments in terms of an improved planning of commercial
traffic, in particular through more reliable travel times, through shorter driving times and
through an improved infrastructure as a financial dependant cffect. As an example, the
industry in Stockholm commended the oplimization possibilities in connection with the
improved accessibility gained through the city toll (cf. Stad Stockholm, 2006a). Through
traffic shitts, above all through changes of the Modal split, specific sectors and their revenue
situations may be positively or negatively aftected, The city toll in London led to an increase
of 20% in taxi and hus rides, which significantly increased the revenue ol the public transil
sector, for example (cf. Transpert for London, 2006). Although the revenue situations of
different instruments are interactive. As an example, one can see the inter-play between city
toll and parking charges or between one-way tickets and season tickels in the field of public
transport. Also, innovation processes can be triggered through the design of the instruments.
For example, the increased acquisition of more environmental-friendly vehicles as a resuli of
the truck toll in Germany can have a positive impact on developments in this area (cl.
Bundesamt fiir Giiterverkehr, 2006).

= The location quality [or industry can be influenced.

Through the improvement of the traffic situation. company workflows, which include
commercial traffic, can be improved. For instance, the economy in London slaled the
simplification of the processing of business trips as a benefit of the city twll (cf. Cam paigns
Team and 1ondon Chamber of Commerce and Industry, 2005). The eftects of the transport
price changes on the overall economy are generally small. 1t is estimated that the German
truck toll led to less than a 0.1% increase to overall costs within the better parl ol all the
industry branches (cf. Doll and Schalter, 2007). The competition with other regions can be
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influenced through the mobility pricing instruments because the quality of the mobility
olfering of a region is a decisive factor of the location quality. A problem arises when Lhis is
not economically sustainable, The case studies highlight different eftfects in this area.

Environment

Mobility Pricing can contribute to an improvement io the cavironmental quality,

= MNoise and pollution can be influenced.

For one thing the total load can be reduced. For example. according o projections ol the
Swiss Department of Enyvironment (Schweizer Bundesamt fiir Umwelt), the cmissions of
CO2NOx and PMI0 in 2007 will be 6 to % lower duc to the implementation of the LSVA
and the enhancement of the weight limits, compared with the case il the above measures
would nol have been implemented (¢f. Balmer @ al., 2007). For another thing. a targeted
influence on the spatial and temporal dispersal is possible with a corresponding sysiem
design. To achicve a targeled temporal influence, e.g. staggered charges duc to the cmissions
could be adopted. as is partially the case with landing fees ai airpaorts,

= The cityscape and living quality can be influenced.

The positive influences to the quality of life are supported by case studies. For example, in
Oslo, duc to the introduction of the <ity toll an originally traffic intensive square could be
completely closed for road traffic (cf. Aring, 1993). Distinct financial dependant effects in
connection with the revenue usc arce also possible. Negative effects on the cityscape, mainly
through the installations of monitoring, registration and payment systems, can be minimized
through appropriate system design,

=» The spatial utilization can be influenced. '
Even when basic influences on the spatial utilization must be assumed, these have scarcely
been investigated and documented. Effects can arise in the private rcalm (changes to the
location of empleyment and/or dwelling) as well as in industry, Increased segregation trends
can develop particularly through the charging of speciliv zones. Financial dependant elTects
are possible il for example, the connection of specific areas to the public transit network are
improved through the investment of the pained means. Through this, also undesirable direct
effects can be deercased or offset,

Avceptance

Muobility Pricing needs sufficient acceptance.

= A sullicient acceptance can be reached for drastic measures, as well.

The experience with up tn now implemented measures generally exhibit a high level of
acceptance. This s the case with a number of examples, such as, e.g. the svstems in London
and Stockholm or the German truck tall {ef. Steiniger et al.. 2005; Commission for Integrated
Transport, 2006: TollCollect 2006). Thereby. the acceptance increases with a tangible
decision and with the implementation of the measure respectively. For example, the share of
citizens in Trondheim, who were against the implemented toll, dropped from 72% to 48% two
months after the commissioning of the toll (cf. Steininger et al., 2003).
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=» The acceptance by the peneral public is influenced by different stakeholder groups.

The realization and cffects of the instruments can be jeopordized by problems on the political
level. Therefore, a political agreement al all levels is necessary (el eg. Mamer. 2007).
Current policies regarding mobility pricing instruments are rather conservative. The
acceptance by associations is also an important factor. It appears to be very important Lo have
intensive dialogs with the associations about the advantages and disadvantages of the different
mability pricing instruments. and. il necessary, about their detailed design. The media can
influence the public opinion. For example, the acceptance of the city toll system in Stockholm
was also boosted through a broad media campaizn (ef. Commission for Integrated Transport,
2006). Also in Singapore, the implementation ot the electronic system was aided by the media
(ot Steininger et al., 2005),

=» The acceptance depends largely on the design of the mohility pricing scheme.

The system must be felt to be fair, in order 10 achicve a high level of acceptance. This is
supported when good alternatives are available, The users expect a noticeable improvement 1o
the problems. The acceptance level is supported by a clear reference 1o the problem. tangible
considerations and the perception of the measures as effectively and efficiently solving the
problem. In Stockholm e.g., this caused a higher acceptance level of the dircet benefactors of
the system as compared o the general public who benelited less and were outside of the
charged area (cf. Commission for Intcgrated Transport, 2006). Lhe carmarking of the
ravenues can increase the acceptance. The revenue use and its disclosure is very important.
The earmarking for the German truck toll was also a much debaled theme and was also
deemed important for the acceptance level (cf. Ruidisch et al., 2003), The implementation of
measures as a package can cultivate a high acceptance level. T'or instance, the Road Pricing
Syslem in Singapore was successful, for one because 1L was part of the traffic management.
which additionally included measures thal boosted the public transit and P4R grounds (7
Steminger et al., 2005), In the same way, compensation measures can increase lhe acceplance.
People show the preference to make decisions based on simple information. which allows
them tw be able to caleulate the different prices and work better with the tarviffs. This
simplicity supports the acceptance. Sufticient information and communication alse reinforces
a high acceplance (cf. e.o. Weigele et al., 2007). The problem history. necessily, costs,
measures  and  goals must be  transparently  illustrated. Sufficient social and  political
understanding of the cconomical correlations is important for maobility pricing. Known
instruments are better accepted than unknown instruments, Thuos, experience with already
implemented instrumenis is another important Gactor [or the aceeplance,

Financing

Maohitity Pricine needs an imfegrated finoncial considerarion.

=< Next o the business effects. overall economic effects also emerge.

As a result, the following requirement arises within the overall economic consideration: the
different costs and uses of the instruments are to be viewed at a higher-level context.
Therefore, high charging costs must also be considered within the complete context.
Otherwise, they can lead wrongly o the rejection of new instruments (el” c.o. Becker ser al,
2007, The charges can be based on different approaches (route cost caleulation, marginal cost
calculation, price standard approach etc.). The approach choice depends on the set goal,
amongst others., Mobility pricing instruments can impact different wser groups differently.
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Group differentiation is here possible aceording to e.g., income level, place of residence or
social class.

=» There is an overall correlation between all the instruments of mability pricing.

Por exampie. there is the correlation between the city toll and the parking lees in the tolled
sone, or the correlaticon between the public transit fees and the costs of private motorized
traffic. The realization of compensalion measures for the mobilily pricing instruments is
possible. Ecenomic decisions are only made by traflic participants il the comparable costs of
allernatives are known to them,

= Revenue situations and [inance systems can he changed considerably.

System Design

Mabiliv: Pricing needs insiruments desizned in a paal-oriented way.
= Principle decisions for mobility pricing should be directed lowards the pursued zoals as
opposed to modifying the goals to fit within current technology:,

= The starting point for the technical system desien must be the overall toals and
reguirements,

The design of the instruments must be discrimination free. Altention must be riven to avoid
disadvantaging particular user groups. Safety aspects must be considered during the
implementation. In particular. the information reception by the traffic users needs to be
thoroughly considered. The systems should be reliable. This is also important for the building
of trust by the tratfic users in the system. Systems should be interoperable. The definition and
use of slandardized systems is desired. There still exists some need for action here, A positive.
example can be seen in Scandinavia, where clients can use (o)l svstems of different operators
with the same on-board unit since March 2007 {cf. Schwarz 2007). The systems are o be
integrated in a overall architecture, in which the structure and interaction of all the syslem
elements are characlerized on an  organizational, funcrional and technical level.
Organizational-institutional qualifications must be created because a central institution is
appropriate for the coordination. The system design must be lepally possible, If necessary,
legal adjustments are to he implemented, At the same time. national policies as well as
internativnal guidelines must be considered,

CONCLUSIONS

The comprehensive analysis of the effects and requirements clearly shows that mobility
pricing offers significant contributions to achieve political and planning goals and 1o optimize
trallic and transport. The instruments are very effective when they arc carcfully designed.
These results are shown and supported through the conducted literature review. the case
studies, and the analysis.

The primary goals can lie in the areas of wallic management and financing: the ettects must
always be considered in both areas. In detail, the modal, intermodal, and financial dependent
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effects in the realms of the traffic situation, cconomy, environment, acceptance and finance
must always be considered fully and as a whole, From an economic view, a comparison of the
aoverall benefits and overall costs should underlie the decisions of the mobility pricing
insiruments,

Lhe choice and design of the mobility pricing instruments requires prudence and an integrated
appreach. Negative effcets can be largely avoided through the careful design of the individual
instruments and through hundling instruments together. The case studies clearly prove that a
high acceptance level, even for drastic new instruments, is achievable il they noticeably
alleviate significant problems.

Mobility pricing instruments clearly offer more chances than risks. An objective and
substantiated discussion of new instrumenis appears fo be not only desirahle but absolutely
necessary, in terms of a sustainable design ol our trafTic and transport systems.
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