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Transit priority is an excellent way of improving transit system pro-
ductivity and attractiveness although it is often neglected in favor of
larger investments. Transit priority techniquesand implementation are
outlined, Zurich’stransit priority program is described, eight transit
priority implementation lessonsfrom Zurich arepresented, and Zurich's
innovativetraffic-signal transit priority system issummarized. A longer
report that fully describesresearch resultsisthebasis. Transit priority
improvementsarerelatively low-cost waysto maketransit systemswork
better by speeding up transit vehicles. Specific improvementsinclude
four categories: roadway improvements and traffic regulations, traffic
signal priority, transit system operations, and separate right-of-way.
These improvements may be implemented individually or in a com-
prehensive program. Comprehensive implementation is optimal but
politically and institutionally difficult. Zurich has been successful in
implementing a comprehensive transit priority program with impres-
siveresults. Implementation lessonsfrom Zurich wer eidentified through
interviewsand a survey of public officials. Key findingswer etheimpor -
tance of support from public and elected officials (and the common
under estimation by elected officialsof their constituents’ transit support),
smart implementation techniques (not alienating the public), govern-
ment organization todeliver projects, careful trafficengineering, smul-
taneous implementation of complementary programs (such as traffic
calming), car eful systems-level thinking, and lever aging needed or gani-
zational changethrough capital improvement funding. Zurich’straffic-
signal transit priority system is an interesting example of reducing
opposition totransit priority through technical innovation. The system
providestransit priority without significantly affecting private vehicle
traffic by adjusting signal timing and phasing to provide the right
amount of green timefor transit when needed.

This paper describesthetransit priority programin Zurich, Switzer-
land. It summarizes alonger research report prepared for San Jose
State University’ sMineta Transportation I nstitute—I mplementation
of Zurich’s Transit Priority Program (1).

The research objective was to describe transit priority tech-
niques implemented in Zurich and the way Zurich was able to
implement its program. Implementation is particularly interesting
because although most transit priority improvements arerel atively
simple and inexpensive, in practice they have proved to be very
difficult to implement and sustain.

The research effort consisted of a case study with interviews and
a survey. Numerous individuals associated with the development
and implementation of Zurich’stransit priority program were inter-
viewed and asurvey of transportation decision makersin SantaClara
County (California) was completed to evaluate support for transit
improvementsin atypical U.S. county. The Santa Clarasurvey was
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compared with results of asimilar survey donein Zurich (2) to help
understand how elected officials think about transit improvements.

This paper consists of the following sections: outline of transit
priority, description of Zurich’s transit priority program, informa-
tion on building public support, description of implementation lessons
from Zurich, description of Zurich’ sinnovativetraffic signal control
program, and brief concluding remarks.

TRANSIT PRIORITY

Transit priority improvements are techniques designed to speed up
public transit vehicles and improve the transit system’s efficiency.
They include a wide variety of physical improvements, operating
changes, and regulatory changes. Often, the cost of improvements
is relatively low. (For more information on transit priority tech-
niques see Transit Preferential Streets Program: Sourcebook, City
of Portland, Office of Transportation, 1997.)

Why Is Transit Priority Important?

Transit priority is important because it is an extremely cost-
effective way to improve transit service. Transit priority improves
customer service by providing faster and morereliable service, and it
improves transit’ s bottom line by enabling it to provide more service
with the same resources and by attracting more passengers (since the
serviceisbetter). By reducing conflictswith privatetraffic, transit pri-
ority improvements also can reduce accidents and driver stress.

Transit priority isespecialy relevant because the vast majority of
transit servicetoday sharesright-of-way with other traffic. Whether
buses or light rail systems are used, operating transit in mixed traffic
leads to delays and unreliable service. Unfortunately, trangit priority
improvements that could address these problems are often neglected
infavor of larger and “ sexier” projectssuch asnew rail transit systems.

While new rail systems clearly provide avery attractive and envi-
ronmentally friendly transit service, they are feasible only in major
corridorsinwhich high ridership justifiesthelarge capital investment.
Furthermore, it isdifficult to find funding for these expensive projects.
In contrast, transit priority improvements are less expensive and can
bemoreeasily justified by cost—benefit analysis. Thereforetransit pri-
ority improvements represent a significant opportunity for improving
trangit servicein many American cities (3).

Types of Transit Priority Improvements

A broad definition of transit priority techniques was adopted for use
in this research to alow consideration of improvements that can
significantly benefit from simultaneousimplementation of multiple
transit priority techniques. The best exampleistransit malls, which



60 Paper No. 03-2651

are most effective when implemented with transit system operations
improvements such as coordinated scheduling and proof of pay-
ment. This research categorizes transit priority improvements into
the following four types:

* Roadway improvementsand traffic regulations. Minor changes
to roadways, relocation or reduction in the number of transit stops,
and traffic regulations designed to reduce transit vehicle delays.

» Traffic signal priority. Traffic signals that reduce delays to
transit vehicles by providing them with green lights when they
approach.

* Transit system operations. Changes to operation of the public
transit system designed to reduce delays, including low floor buses,
proof of payment, and system control centers.

* Separate right-of-way. Sections of roadway designated for
the exclusive use of transit vehicles, allowing transit to bypass
congestion.

Transit Priority Program Implementation Levels

A transit priority program’s effectiveness depends on the extent
to which the program is implemented. This research categorizes
implementation of transit priority programs into the following
four levels:

* Limited implementation. Individual transit priority improve-
ments are made in various locations.

* Route-level implementation. Transit priority improvements
are made as part of a coordinated program along an entire transit
route.

* Areawide implementation. Transit priority improvements are
madein aparticular areaand used by several different transit routes
(e.g., transit malls).

* Comprehensiveimplementation. Transit priority improvements
are made on al transit routes, and changes are made to the way the
whole system operates (e.g., proof-of-payment fare collection).

Comprehensive implementation is the best way to implement a
transit priority program. Thisisthe approach Zurich has used during
the past 30 years. A comprehensive program systematically evalu-
ateseach aspect of transit operation over the entire network and seeks
ways to speed up the service. The improvements identified can be
implemented over time.

Difficulty in Implementing Transit
Priority Improvements

In the early 1970s many cities began implementing transit priority
programs. While Zurich has continued to expand its transit priority
program, many other cities have reduced their interest in transit pri-
ority and neglected their existing programs (e.g., lack of enforce-
ment). Thedifficulty inimplementing transit priority improvements
and the disinterest areironic because most transit priority techniques
arerelatively ssimple and inexpensive. Thekey reasonsit isdifficult
to implement transit priority techniques include the following:

* Low technical competence and lack of expertise in transit
priority techniques and implementation,

» Lack of support or direct opposition by different agencies or
departments,
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« Difficultiesof coordination between agencies and departments,
* Pressures by automobile users,

* Poor public understanding of the benefits of transit priority, and
* Opposition to changes by businesses and residents.

Thedifficulty of overcoming these obstacleshasled to skepticism
and adefeatist attitude in transit agencies and planning departments
about implementing transit priority improvements (3). Given this
situation, the purpose of this research was to learn how Zurich was
ableto implement its comprehensivetransit priority program, inthe
hope of providing ideasfor other citiesinterested in inexpensiveand
quick waysto improve existing transit networks.

TRANSIT PRIORITY IN ZURICH

Zurich'spublictransit systemis easy to use and an attractive way to
move about the city because service is fast, frequent, reliable, and
inexpensive. Furthermore, thewell functioning transit system makes
a significant contribution to the city’s high quality of life. Criti-
cal to Zurich’ssuccessisacomprehensivetransit priority program
implemented during the past 30 years. According to Professor
Robert Cervero, “theresults of this program have been nothing short
of exceptional. Zurich has one of the highest rates of transit usage
today, about 560 transit trips per resident per year, amost twice as
many as Europe’ slargest cities’ (4).

The comprehensive nature of Zurich's transit priority program
enables the city’s transit system to function as a network. It is fast,
easy, and comfortableto travel from Point A to Point B using public
transit (in both the city and the region), at almost any time of day, on
any day of theyear. Although many tripsrequiretransfers, that isnot
a problem because as a result of the systematic implementation of
trangit priority throughout thetransit network, all thelineswork well.

Citizens’ Transit Priority Initiative

Zurich’'s transit priority program was implemented as a result of a
1977 citizens' initiative that provided funding and political support
for transit priority improvements. Theinitiative followed the defeat
of two proposalsfor constructing major underground transit linesin
the city (in 1962 and 1973). Citizens proposed the transit priority
initiative as an aternative to the 1973 U-Bahn proposal .

While Zurich planners understood the benefits of transit priority
and werein fact implementing transit priority programs, passage of
the citizens' initiative measure provided the funding and political
support for more-comprehensive implementation.

Systematicimplementation of thetransit priority programin Zurich
was faster and less expensive than constructing a new underground
rail line, and furthermore allowed the city to improveits entire transit
system rather than a single route. Improving a surface transit system
by providing transit priority can have many advantages over con-
structing anew underground system. A surfaceline can have more
stops (providing more accessibility) and does not require peopleto go
underground to accessthe system. Finally, asurface systemissimple
to operate and can be designed to fit well into the urban environment.

Regional Coordination and Improvements

Whilethecity of Zurichwasimprovingitssurfacetransit syssemwith
trangit priority, the canton of Zurich led the effort to significantly
improvetheregion’scommuter rail network (S-Bahn). Aspart of the
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S-Bahn project the canton organized the Ziricher Verkehrsverbund
(ZVV), aregional agency responsible for coordinating fares and
schedules among the region’ s 42 different transit operators.

Improvements to the regional S-Bahn and to the city’s surface
system of trams and buses were mutually reinforcing. The systems
were designed to work closely together, making it easy for travel-
ers to move throughout the canton and city with the sameticket in
areasonable amount of time.

One interesting aspect of Zurich’s approach isthat by making the
city’s surface transit system run faster (with transit priority) and
building a regional S-Bahn with more stops in the city (compared
with S-Bahn systemsin other cities), the region was ableto forgo the
need to build an intermediate-level system (such asacenter city sub-
way or Metro system). In Zurich the shorter intermediate-length trips
can be made on the tram network and the longer intermediate-length
trips can be made on the S-Bahn network.

Transit Priority Program Results

The transit priority program has increased transit ridership and
improved transit's mode split in Zurich. The city’s per capitatran-
sit ridership increased by 22.8% between 1970 and 1980, the major
implementation period; ridership increased by approximately 7%
between 1990 and 1997 despite arecession that significantly affected
the city’s economy at the tail end of this period (between 1980 and
1990 the data reporting changed from linked to unlinked trips so
comparisons between these years are not readily available) (5).

Mode split for work trips for locations in the city increased from
49% in 1970 to 61% in 1990 (6). Trips crossing the city border on
the regional S-Bahn system increased by 37% between 1989 and
1997, reflecting implementation of the new regional coordination
and S-Bahn system.

While these data are impressive, there is aneed for more quanti-
tative analysis of transit system performance data (e.g., cost data) to
assess the full impact of Zurich’s transit priority program. Thisis
clearly an areafor additional research; an especially important area
for more data collection isthe effectiveness of the traffic signal con-
trol system.

BUILDING PUBLIC SUPPORT FOR TRANSIT
PRIORITY PROGRAM IMPLEMENTATION

Transit priority iswell understood to be an effective way of improv-
ing transit service, yet it has not been implemented to the degree it
could be and has often been neglected in favor of high-cost transit
improvements; in many cases transit priority techniques that have
been implemented have been rolled back. The objective of this
research isto identify how Zurich was able to overcome the resis-
tanceto transit priority and implement acomprehensivetransit pri-
ority program.

In Zurich aunique set of circumstances coal esced and members
of the public pushed transit priority on the transit agency (as the
key approach for improving transit) through passage of an initia-
tive ballot measure. Animportant question is, What happenswhen
that initial public support is not apparent?

The situation can be viewed in two ways. First, it could be said
that without strong initial public support, transit priority cannot
beimplemented. Second, it could be said that public support must
be devel oped and ways of building the necessary support could be
considered.
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Thefirst point to make concerning these two possibilitiesis that
even in Zurich, public support did not ssmply materiaize for transit
priority. Zurich’spublic transit agency had completed awell-known
study on the impact of transit priority improvements on one street-
car line(7), and the city wasimplementing transit priority improve-
ments even while pushing the 1973 U-Bahn proposal. Thus the
education process had started, and small-scale examples (aswell as
more comprehensive transit priority programsin nearby cities such
as Bern and Basel) were in place for the public to observe. That
brings us to the famous el ection. While much is made of the rejec-
tion of amajor transit project in favor of transit priority, what hap-
pened isthat citizens voted against the major transit project in 1973
and then for the proposed transit priority program in 1977.

In the 1973 campaign, citizens opposed the U-Bahn proposal for
anumber of transportation, urban design, and devel opment reasons,
and proposed introduction of a comprehensive transit priority pro-
gram as an aternative. That alternative initiative (written following
defeat of the U-Bahn proposal) was drafted based on the transit
agency’s studies and existing implementation program; it simply
called for more comprehensive implementation by providing guar-
anteed funding and political support. In a sense, Zurich’s transit
agency helped to build public support for the transit priority initia-
tive, athoughit did so without knowing that transit priority would be
used against the officially approved U-Bahn plan.

To the question of what can be done when initial public support
for the program islacking, thisresearch supports the conclusion that
individual s and agencies can build public support through education
as well as careful and sensitive implementation of transit priority
improvements. In theimplementation lessons from Zurich presented
below most of the lessons address how Zurich was ableto build and
maintain public support. Once public support and understanding
reach certain levels it may be possible to implement bolder transit
priority techniques.

An important aspect of building public support is leadership from
elected officials. However, survey resultsfrom Zurich and SantaClara
County found that elected officials often underestimate public sup-
port for public transit (1). The Zurich survey, done in 1993, com-
pared peopl€’ s opinions on the degree to which transit should have
priority with elected officials perceptions of what the people
thought (2). This survey showed that elected officials significantly
underestimated the degree to which their constituents supported
transit priority. A similar survey donein SantaClarafor thisresearch
confirmed that a majority of elected officials believe that their con-
stituents prefer roadway solutions athough the elected officials
themselves support transit solutions. Given the need for strong sup-
port from elected officials to implement transit improvement proj-
ects, the fact that elected officials appear to underestimate public
support for transit improvementsistroubling for thetransit industry.

IMPLEMENTATION LESSONS FROM ZURICH

One of the main objectives of thisresearch wasto learn how Zurich
was able to implement its comprehensive transit priority program
given the difficulty other cities have had implementing similar pro-
grams. Thissection describes someimportant implementation lessons
from Zurich. Lessons from Zurich are transferable because Zurich
shares many of the same problems facing other cities:

* Jobsand housing are decentralizing from the center, automobile
ownership and traffic congestion are increasing, and employment
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is shifting out of traditional industries to service and professional
sectors.
» Zurich’'s elected |leaders face the same pressures as politicians
in other cities including reducing taxes and improving livability.
 Zurichrelieson voter approved local funding (taxes) for major
capital projects such astransit system improvements.

One potential difference between Zurich and other citiesisthat
Zurich started with a well-used and highly respected transit sys-
tem that simply needed to be upgraded. Cities with |less devel oped
transit systems might not achieve the same results as quickly, but
Zurich' sapproach, incrementally improving its existing system by
implementing transit priority improvements, remains an excellent
model.

Finaly, it should be emphasized that many of the lessons pre-
sented bel ow are not surprising but are common sense. In these cases
it is not so much the lesson that is of interest, but rather the specific
techniques and strategies Zurich used.

Lesson 1: Build and Maintain Strong
Public Support

Public support is the most critical element of implementing any
government program and is particularly important for transit prior-
ity since effective programs can create winners (public transit) and
losers (other roadway users). A particularly problematic aspect of
transit priority programsisthat they are most effective when imple-
mented comprehensively, but it takes sometime before public support
can be generated, and the specific improvements generate immediate
criticism from other roadway users.

Oneway thetransit agency helped build public support for thetran-
Sit priority program wasto aggressively publicizethe benefitsof tran-
Sit priority. Other waysare outlined in many of thefollowing lessons.
It cannot be overemphasized that public support for transit priority
does not simply materialize; its development requires education,
understanding, and advocacy.

In Zurich, the public, arguably educated by thetransit agency, took
an activerole in forcing the city administration to implement transit
priority improvements more comprehensively and more boldly than
would have been possible otherwise. Passage of thetransit priority ini-
tiative provided funding and political support for program implemen-
tation. Activists continued to pressure government officials for more
comprehensiveimplementation over the yearsusing traditional tactics
such aslobbying, initiative campaigns, and political endorsements.

Transit priority improvements can be implemented by degrees,
and strong implementation is better for transit but has more effects
on private vehicles. Without continuing support for transit priority
from activists, it would have been difficult to overcome the objec-
tives of private vehicle drivers. Zurich’'s experience clearly shows
that strong public support is required to implement and maintain a
transit priority program.

Lesson 2: Enlist Support of Elected Officials

Support of elected officialsis required to implement a comprehen-
sive transit priority program. Elected officials force government
departments (often overwhelmed with day-to-day responsibilities)
to undertake such long-term and challenging citywide programs.
In Zurich ailmost al elected officials supported the 1973 U-Bahn
proposal and most opposed the 1977 transit priority initiative. They
hesitated implementing controversial parts of the transit priority
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program. Slowly, after years of active pressure from citizen groups
and as they saw the benefits of the comprehensive transit priority
program, elected officials began to support the program. It is still
difficult to implement improvements to the optimum degree, but
elected officialsin Zurich are generally onboard with the program.

Obtaining elected official support is difficult. Surveysin Zurich
and in Santa Clara County indicate that elected official s often under-
estimate the depth of support for transit among the voters and aretoo
timid in their support for transit priority.

Lesson 3: Use Smart Implementation Techniques

To build and maintain support for transit priority programs, transit
agencies must implement programsintelligently. Thefollowing are
some of the smart implementation techniques used in Zurich:

* Implementing high-impact projects quickly and publicizing
their benefits. One lesson from Zurich isthat it is beneficial to have
good projects on the shelf and ready for implementation.

* Not alienating people unnecessarily. Some transit priority
improvements affect private transportation. Thelesson from Zurich
is that this should be done only where absolutely necessary and
that the effects should be minimized. For example, Zurich’straffic
signal priority program takes the minimum time necessary for tran-
sit priority, which enablesit to provide transit priority without hurt-
ing traffic circulation.

* |Implementing transit priority techniquestogether with improve-
ments that increase neighborhood livability. In Zurich, transit prior-
ity improvementswereimplemented as part of amore comprehensive
program designed to improve city livability. Examplesinclude build-
ing bus stops that are pleasant pedestrian spaces and introducing turn
restrictions that reduce transit delays and eliminate neighborhood
through traffic (see Figure 1).

Lesson 4: Organize Government to Effectively
Deliver Program

Trangit priority improvements by their nature affect many different
city departments, and frequently bureaucratic concerns prevent them

FIGURE 1 Traffic calming and transit priority—creating a
cul-de-sac on a small neighborhood street reduces through traffic
and provides transit priority.
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from being implemented effectively. Zurich addressed these issues
by creating the following task forces:

» Executive council. Group of elected officials and city depart-
ment heads that direct city departments to develop transit priority
improvements and provide the political support for implementing
them.

* Working party. Group of department heads and planners from
severa departmentswho collaborate on the devel opment of specific
transit priority improvements. An important point is that the work-
ing party is a group with changing representation; therefore, many
members of city departments have participated on it at onetime or
another. This has given many people an understanding of transit
priority techniques that they use in their other projects.

Although departments work together on developing projects, the
traffic police have the sole responsibility for making changesto the
roadway system, including signs, traffic signals, painted markings,
and road construction. This allows changes to be made quickly and
efficiently once a plan has been adopted.

Lesson 5: Careful Traffic Engineering and
Technology Are Critical

One argument against complex programs such as transit priority is
technology. People often say that a particular thing cannot be done.
That was the case in Zurich. Government officials said that certain
programs could work in smaller, less complex situations but not in
alarge city with significant traffic such as Zurich. Once Zurich voters
approved thetransit priority initiative, the city wasforced to imple-
ment the program. Technical solutions were developed. It was not
easy, but it was done. Two main points about Zurich’'s technology
development follow:

* Technology application—careful traffic engineering. The les-
son from Zurich isthat sophisticated traffic engineering helpsreduce
opposition to transit priority techniques. Providing transit priority
often means taking street space that has been used for mixed traffic
and dedicating it to transit. That requires creating new routesfor pri-
vatevehicles. In Zurich sophisticated traffic engineering techniques
such as channelization and traffic signal placement enable private
vehicles to circulate while till providing transit with priority (see
Figure2). A good exampleisin Zurich’ smain squares, many of which
are served by seven or eight transit routes and private vehicles; these
squares are carefully designed to providetransit priority, but also to
allow for efficient traffic movement.

* Technology devel opment—traffic signal system. Existing traf-
fic signal technologies could not achieve the desired degree of tran-
sit priority without significantly affecting traffic flows. Therefore,
Zurich' straffic police, the department responsible for the traffic sig-
nal system, took afresh ook at the problem from asystemsapproach
and developed an entirely new approach (see the following section
for more information on the traffic signal system).

Lesson 6: Implement Complementary
Programs to Improve Transit System

Transit priority alone will not create an excellent transit system.
Thetransit system must provide good service as measured by fre-
quency, travel time, and customer attractiveness (e.g., safety). In
addition to these basic attributes, there are several complementary
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FIGURE 2 Transit priority provided by traffic signal—traffic signal
stops private traffic, enabling tram to go first as it moves from
separate right-of-way to shared right-of-way.

programs that cities can implement to further support the transit
system. Zurichimplemented the following complementary programs:

* Planned land uses that support transit. Zurich worked aggres-
sively to encourage land usesthat support transit, through both con-
ventional land use planning techniques such as increasing density
with zoning and devel opment agreements, and effortsto make areas
best served by transit attractive places to live, work, and visit. Ini-
tial efforts focused on improving center city urbanity by reducing
parking and traffic and then using the freed space to speed up tran-
sit, create pedestrian zones, provide spacefor public events, and cre-
atealively and entertai ning downtown. Theseimprovements hel ped
business, and now the program is being applied to redeveloping
areas and new development in the city.

* Traffic volume reduction. Zurich has along history of imple-
menting measuresto restrain and reduce private-vehicletraffic. The
city has used three main approaches: traffic calming, roadway capac-
ity reduction, and parking controls. As with other programs, Zurich
has taken a comprehensive and thoughtful approach to controlling
vehicletraffic.

* Regional transit coordination and S-Bahn system. The canton
of Zurich organized the ZVV to coordinate faresand schedules of the
region’ s42 different transit operators. Today, careful schedulinglinks
thesystems, anditispossibleto useasingleticket for al journeys. The
canton also rebuilt theregiond rail system (S-Bahn) toimprove mobil-
ity and serve as the basis for schedule coordination between differ-
ent transit operators. Good regional transit hasincreased ridership on
Zurich’scity transit system, and good transit in the city hasincreased
ridership on the S-Bahn—awin-win situation for transit.

These complementary programs have helped build ridership and
public approval for Zurich’s transit system, trandating into public
support for the transit priority program.

Lesson 7: Use Capital Investments to Leverage
Institutional Change

One of themost interesting lessonsidentified in thisresearchis how
the Zurich region used the need for a large capital investment to
bring about institutional change. As part of the project to rebuild the



64 Paper No. 03-2651

regional S-Bahn system, the canton of Zurich required thet transit fares
and schedulesfor all 42 different transit operatorsbe coordinated. The
canton agreed to fund the magjor S-Bahn investment only if a new
agency was created to bring about regional coordination. Thecanton’s
funding provided the leverage necessary to bring the different public
and private transit operators to the table to develop a coordinated
regional transit system.

Lesson 8: Think Carefully at the Systems Level

Many citieshavethree-level transit systems, asurface system (buses
and streetcars) for short trips, an exclusive right-of-way system
(e.g., subway) for medium-distancetrips, and aregional rail system
(e.g., S-Bahn) for longer trips. Zurich’s transit priority program,
combined with construction of adenser network than usud of S-Bahn
stationsin the city, enabled the city to eliminate the need for an expen-
sive subway system, because the shorter medium-distancetripscan
be made on the surface system (since transit priority makesit faster
and more reliable than other surface systems), while the longer
medium-distance trips can be made by S-Bahn.

A two-level system similar to Zurich’ smight bean excellent choice
for many cities, especially given development patternsin many mod-
ern cities (namely, relative medium density centers and large sur-
rounding areas), since this system has significant cost savings and
transit service benefits (it reduces transfers) over a three-level sys-
tem. Carefully considering systems-level choices before choosing a
planning approach for improving atransit systemisagood lesson to
learn from Zurich.

ZURICH’S TRAFFIC SIGNAL TRANSIT
PRIORITY PROGRAM

This section outlines one of the most interesting aspects of Zurich’'s
transit priority program, the traffic signal control system.

Traffic Signal Progression

Traffic signal progression enables vehiclesto go (progress) through
aseries of traffic signalswithout stopping. In the most basic type of
signal progression, traffic signals are set to turn green as a platoon
of vehiclesmoves at constant speed through a series of intersections
without stopping. Thisiscalled a“static” system becauseit isbased
on repeating patterns of signal cyclesat a series of connected traffic
signals.

When atransit vehicle is allowed to interrupt the regular pattern
of traffic signal cyclesin astatic system, aqueuewill build up at the
affected intersection and traffic signalsdownstream will have wasted
green time. The affected intersection’ s queue of vehicles a so means
that therewill be more vehiclesto be processed in the next cycle; this
gueue, when added to the next platoon of vehicles, may betoo great
for the cycle to accommodate, and then the system becomes over-
loaded. Much of the traffic engineering literature on transit priority
addresses that issue (8).

Zurich’s Approach

In the early 1970s, Zurich experimented with a static traffic signal
control system but found that it did not provide effective transit pri-
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ority and also created traffic problems. Zurich's traffic police (the
system operators and planners) initially believed that transit opera-
torswere not cooperating or were “too dumb” to operate the system,
so they learned to drive buses and trams as part of their efforts to
research the problem. Then they learned thereal problem—itishard
to drive atransit vehicle and there islittle time to do anything else.
System planners then decided to address these problems by recon-
sidering the entire philosophy behind the operation of traffic signal
systems.

The starting point for this new approach was an ideafrom indus-
trial production: to maximize assembly line efficiency, there should
beintermediate storage for semiprocessed materials. Onereason for
taking that approach was that system planners were trained in oper-
ations research rather than traffic engineering. In an assembly line,
if thereisaproduction interruption at one machine, machines down-
stream can still be used efficiently. In atraffic signal system, that
approach means creating placeswhere queuesof vehiclesareallowed
to develop so that green time at downstream intersectionsisfully uti-
lized. In the standard static (green wave) traffic signal progression,
traffic sgnalsare set to turn green asaplatoon of vehiclesmovesfrom
signal to signal. In contrast, Zurich’s system provides agreen wave
for agroup of traffic signals and then the platoon is stopped.

Although this sounds inefficient, for networks with many traffic
flow discontinuitiesit actually enables more efficient use of theover-
all system by ensuring that green time at intersections downstream
from the discontinuity is not wasted.

In Zurich’s system roadway sensors communicate traffic volume
information to central computers, where these data are combined
with information from the rest of the street network to determinethe
most efficient traffic signal operation (timing and phasing) in real
time. Thistype of system is called “dynamic,” because rather than
repeating, it changes based on traffic conditions (9).

Another way of thinking about Zurich’s approach is that giving
transit vehicles priority adds only 5to 8 s (thetimeit takesthe tran-
sit vehicle to get through the intersection) of green time to a phase
if the green time can be added at the right point in the cycle. The
dynamic nature of traffic signal timing in Zurich enables the green
timeto be added to signal cyclesat maximum efficiency, thusreduc-
ing impact on other users of the roadway system. Thisis done by
adjusting the cycle phasing pattern and the timing.

Traffic Signal Control System Description

Zurich’ straffic signal control system works by providing the central
computers with information about the position of individua transit
vehicles; the computers then incorporate expected transit vehicle
arrival data into their calculations for optimal traffic signal timing
and phasing.

The system consists of transit vehicle and traffic volume detec-
tors on the streets, transmitters on transit vehicles, and 16 comput-
ersin the central control center. Transit vehicle transmitters send a
signal to the street detectors, generally located about 300 m before
the intersection, 100 m before the intersection, and just after the
intersection stop line. The computersusethefirst detector’ ssignal to
develop aninitial estimate of transit vehicleintersection arrival time;
the second detector’s signal is used to revise the estimate; and the
third signal tellsthe computer that the vehicle has passed through the
intersection. The computers use this information to adjust traffic
signal phases and timing to optimize passage of the transit vehicle
through the intersection.
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At the intersection level, traffic signal timing is determined in a
central computer based on theintersection geometry, predetermined
safety parameters (such as minimum pedestrian times), real-time
traffic volume data provided by detectors, and transit vehicle loca-
tion information provided by the detectors. Similar information
fromthe other intersectionsin the area (the group of signalsiscalled
amicrocell) isused to determine acoordinated pattern for the group.
The street segments at the boundaries between microcells are used
as storage areas to make the dynamic system work efficiently.

The system employssix full-time computer programmersto adjust
and refine operations. Most of the equipment is custom-designed for
Zurich. According to the system operators, despiteitsuniqueness, the
system is not more expensive than other traffic signal systems (1).

Effectiveness of Traffic Signal Transit
Priority System

Zurich’'straffic signal control system is designed to provide transit
priority with minimum effect on traffic flow. According to the Zurich
traffic police, intersection traffic volumes with transit priority are
similar to those beforeintroduction of the system (1). In other words,
thetraffic signa control system hashelped transit without significantly
affecting traffic flows.

In addition to providing transit priority, Zurich’s traffic signal
control system is used to maintain below-capacity traffic volumes
on center city streetsby metering traffic entering various parts of the
city on the basis of congestion levels. Reducing center city gridlock
helpskeep transit and other vehicles moving and improves Zurich's
livability (10).

The system has been designed to avoid wasting greentime. That is
important for two reasons: first, to keep traffic flowing smoothly; and,
second, moreinteresting, to maintain good public relations. If atraf-
fic signal turnsgreen and 30 slater atransit vehicle goes by, people
complain; in contrast, if atransit vehicle goes by immediately after
the signal changes and then the signal changes again people areless
likely to complain. The system’s manager believesthat Zurich's sys-
tem is so efficient that many people do not even realize that transit
vehicleshave priority at traffic signals.

An important area for further research is collecting and analyzing
data on the operation of Zurich’straffic signa system. Theinforma-
tion collected intheinterviews carried out for thisresearch focused on
how the system worked rather than on the collection of quantitative
dataonitseffectiveness. More quantitative datawould hel p provide a
better assessment of the system and transit priority program.

CONCLUSIONS

Zurich is one of the most livable cities in the world, and one reason
isthe high quality of itstransit system. Thetransit systemisefficient
and extremely attractive to passengers. It ispossibleto travel easily
and quickly throughout the city and region using transit.
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Zurich created itsexcellent transit system by implementing acom-
prehensive trangit priority program designed to speed up transit and
increase its efficiency throughout the city. This low-cost approach
was chosen over proposals for expensive new underground rail net-
works. The transit priority program has created a more appropriate
transit system for Zurich, and its cost is significantly lower than the
cost of anew rail system. Other citiescan learn agreat deal from this
approach and the transit priority techniques used in Zurich when
considering how to improve their own transit systems.

Zurich transportation consultant Willi Husler put it best when he
said, “Zurich is proof that a conventional tram and bus system,
omnipresent in the most attractive streets and squares of the city
and supported by a high-tech operation and control system, is an
extraordinarily effective combination. A combination that is more
cost effective than an underground system in acity like Zurich.”
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