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Abstract: Increasing mobility and urbanization is important for economic prosperity but leads to
higher urban traffic congestion, which is associated with many negative externalities. Therefore,
cities are in need of integrative solutions that reduce their transportation network’s spatial and
environmental footprint, while maintaining the highest transportation efficiency possible. Focus-
ing on a nontraditional and more sustainable cycle of urban transportation, this paper covers an
integrated perspective by describing a combination of individual design and operational measures.
To do so, a case study of the city of Zurich is presented, which consistently ranks highly across
different indicators, from smart city to sustainability. This paper is therefore a qualitative review of
different measures that the city has implemented to become more sustainable. The measures are
compared with indicators from the existing literature and classify them into three clusters: (i) mea-
sures discouraging private motorized transport, (ii) measures encouraging public transport, and
(iii) measures encouraging human-powered mobility. The discussion thereof allows us to integrate
the different measures to define a sustainable transportation cycle, which potentially serves as a
best-practice example.

Keywords: sustainable mobility; modal shift; urban transport; traffic management; public transport;
intermodality

1. Introduction

Nowadays, an increasing number of cities around the world are showing interest
in sustainable and smart development practices. Transportation, as one of the primary
sources of emissions, is particularly important. Therefore, cities are in need of integrative
solutions that reduce their transportation network’s ecological and spatial footprint, while
maintaining the highest transportation efficiency possible.

The issues surrounding sustainable transportation can be broadly grouped into three
overlapping categories: economic, environmental, and social [1]. Traffic congestion, for
example, has effects in all categories: it creates financial losses and induces higher air
pollution, and those impacts are unequally burdened. Within these issues, car traffic and
its allocated space is at the center of the discussion [1].

There exists a multitude of definitions of sustainable transport. Here, we follow
the definition by Litman and Burwell in their seminal paper [1]: “Sustainability tends
to support transportation planning and market reforms that result in more diverse and
economically efficient transportation systems, and more compact land use patterns that
reduce automobile dependency. These reforms help increase economic efficiency, reduce
resource consumption and harmful environmental impacts, and improve mobility for
non-drivers”.

For over 50 years, car traffic has increased around the world. The combination of
mature and new technologies, lower prices, an increasing population, and more demanding
mobility patterns have all contributed to a rapid growth of the motorization rate. Currently,
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road traffic accounts for 83% of pax-km in the European Union, with little variation across
countries (standard deviation of 4.4%-points) [2]. Higher levels of motorization lead, obvi-
ously, to more traffic congestion. This, in turn, has many negative externalities, including
but not limited to: higher consumption of energy and other resources, more pollution and
health-related issues, more noise, less traffic safety, urban fragmentation, and other changes
to the urban landscape with large proportions of it devoted to private cars, as well as more
urban sprawl leading to the segregation of activities, long commutes, and ultimately isola-
tion. Nowadays, according to the International Energy Agency, transport is responsible for
almost a quarter of the CO2 emissions worldwide [3] significantly influencing the global
climate [4]. These problems can be further exacerbated in urban areas, which concentrate a
large portion of the trips. More importantly, urban space is valuable but limited. It is also
shared with other users and activities beyond those related to mobility. Even within the
mobility sector, different transportation modes normally compete for the road space, thus
increases in capacity for one mode typically come at the expense of another.

To address these challenges, this paper advocates for a nontraditional, more sustain-
able approach to urban transportation. Figure 1 illustrates the traditional, unsustainable
cycle (on the left) and our proposed sustainable cycle for urban transportation (on the right).
Many of the existing design and operational measures aim at improving the efficiency of
the urban traffic network mostly for cars, e.g., [5]. Here, the efficiency concept is referred
to as often described in the multimodal transportation literature [5–11]. Given that the
objective of transportation systems is to move the largest number of people (not vehicles)
possible in a given amount of time; this study categorizes as efficient the systems that do
so while also minimizing the negative externalities such movement imposes on society
(including the environmental and the spatial footprint). This paper, however, does not
quantify the efficiency values but refers to the concept in qualitative terms.

Figure 1. Unsustainable vs. sustainable transportation cycle: In contrast to the unsustainable
transportation cycle, whose goal is to improve car traffic efficiency, the sustainable transportation
cycle aims at offering more space for other, more sustainable modes, encouraging mode switching
and reducing the traffic-related problems in the long-term.

Without the proper measures, any increases in car efficiency soon vaporize as such
efficiencies attracts new trips that sooner or later lead to the same levels of congestion.
This process is known as induced traffic demand [12–14] and is the result of a vicious
cycle which in turn leads to even more traffic-related problems. The goal of having a more
efficient traffic system, however, could be used instead to simultaneously improve the
performance of other modes. This paper proposes to reclaim those gains in efficiency in
the form of space for other more sustainable transport modes, thus increasing their appeal
and hopefully luring people to switch modes. In other words, a sustainable transportation
cycle should aim at offering more space for other, more sustainable modes, encouraging
mode switching and reducing the traffic-related problems in the long-term. At worst,
this cycle would maintain the same number of cars while still increasing the usage of
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the more sustainable transportation modes, due to the induced demand replacing the
mode switchers.

Although a substantial amount of research exists on the scientific foundation as well
as the strategies to encourage sustainable urban transportation, limited information can be
found on the implementation of integrated measures that combine such strategies, especially
those aiming to curb the dependencies on the private cars with those that promote the
use of alternative modes [1,15–18]. The goal of this paper is to review qualitatively the
combination of measures that a city can implement to become more sustainable. To this
end, multiple lessons learned from the city of Zurich, Switzerland, are presented, which
consistently ranks high in holistic comparison metrics (see Table 1). Subsequently, it is
show that the city of Zurich follows implicitly the sustainable transportation cycle given in
Figure 1.

Table 1. Overview of mobility-related ranking indices for the city of Zurich.

Year Index Subject Rank Source

2017 Arcadis sustainable cities mobility 2 [19]

2018 Here public transport, transport
efficiency, and traffic flow 1 [20]

2018 Mercer quality of living 2 [21]

2019 Omio
public transport, sharing economy
transportation, cost of
transportation

1 [22]

2020 IMD smart city 2 [23]

In the IMD’s smart city index, Zurich ranks second behind Singapore [23]. Similarly, in
the Arcadis’ sustainable cities mobility index, Zurich ranks second behind Hong Kong [19].
In Mercer’s quality of living ranking, Zurich consistently ranks second, behind Vienna [21].
Mobile data analyzers Here and Omio both rank Zurich first, in the core transportation
categories: public transport, transport efficiency, and traffic flow [20,22]. In addition to
these high rankings, Zurich has been the focus of scientific reviews and papers numerous
times. From a traffic perspective, the city of Zurich has gained attention for its innovative
approaches, e.g., [5,24,25]. From a public transport view, there are numerous studies
that highlight the excellent level of service, the integrated network, the very high public
transport priority, as well as the reliable and simple time table structure, e.g., [26–31].

Looking at greenhouse gas emissions, it becomes evident that Zurich serves well as a
model: Greenhouse gas emissions in the area of mobility fell in the city of Zurich between
1990 and 2020—in contrast to Switzerland as a whole, where an increase continues to be
recorded. Transport accounts for around 40 percent of total greenhouse gas emissions in
the city of Zurich [32]. Figure 2 shows the decrease in transportation-related GHG per
person in the city over time. This is evidence of the positive impact on the climate-related
sustainability of the implemented operational and design measures implemented by the
city of Zurich.

In addition, given that Switzerland’s federal government aims to double the use of
public transport by 2050 [33], the city’s efficient public transportation system has been
the focus of several studies [30,34,35]. We acknowledge there are large differences across
cities, countries, and even continents. However, many of the challenges faced by cities
worldwide are the same. Hence, there is value in sharing the approaches used in some
places in order to achieve a more sustainable transport system overall. We believe that
Zurich’s transportation design and operational measures offer best-practices which might
be useful for other cities, especially in Europe, but also around the globe. Here, we not only
present a theoretical discussion on how a sustainable transportation cycle should look but
also a pragmatic description of how it has been implemented in real life.

This paper assesses the transportation system holistically. On one hand, it describes
specific measures to discourage the use of private cars including strict parking, speed and
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traffic calming policies, and perimeter control. On the other hand, this study focuses on
specific measures to encourage the use of public transport and human-powered mobility,
including transit signal priority and the use of additional signals, dedicated bus lanes and
curbside bus stops, as well as specific strategies to promote walking, cycling, and different
forms of shared micromobility. With few exceptions, this paper focuses on the measures
introduced in the last two decades.
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Figure 2. Mobility-related GHG emissions over time in the city of Zurich. Source: [32].

The remainder of the paper is organized as follows: Section 2 presents the private
motorized transport discouraging measures. Section 3 presents the public transport encour-
aging measures. Section 4 presents the human-powered mobility encouraging measures.
Section 5 discusses and evaluates the integrated perspective. Section 6 offers some conclud-
ing remarks.

2. Design and Operational Measures Discouraging Private Motorized Transport

Although private cars make up 30% of the modal share (almost 50% of all motor-
ized trips) in the city of Zurich, they are not considered a priority when it comes to
improvements to the system. The underlying idea is that by limiting (or even completely
avoiding) the expansion of the car traffic network, limiting parking, and implementing
other car restricting policies, private car users shift with time to other more sustainable
and potentially attractive transport modes (specifically public transport, walking, and
cycling) [36]. Nevertheless, in Zurich, limiting the expansion of the car traffic network
does not imply discontinuing measures to improve the network’s efficiency. Quite on the
contrary, the city has found innovative ways (discussed in this section) to improve the
car network’s efficiency. The gains from these efficiency improvements are reallocated to
more sustainable transport modes—as in Figure 1. Figure 3 shows the increase in the city’s
population and the decrease in the usage of private cars as a means of transport in the area
over time. The city has a street network approximately 780 km long, and a motorization
rate of 281 cars per 1000 inhabitants, distributed across 55% of the households [37].
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Figure 3. Time series of population vs. traffic volumes for Zurich: Despite increasing population
since 2004, car traffic volume has decreased. Source: [38].

Despite its relatively small size, the low number of inhabitants, and the quality of its
public transport system, the city of Zurich does face some congestion, although it has been
improving over time. The utilization ratio of the Zurich traffic network during peak times
reaches 98% [39]. In a 2020 survey conducted by the navigation system maker TomTom,
Zurich was named the 46th most congested city in Europe [40], a significant improvement
over 2012, when it was ranked the 16th most congested city in Europe [41]. Almost 30%
of the daytime traffic in the city faced speeds over 70% lower than those observed at
night [42]. Those statistics became more controversial as representatives from the city
stated that slowing private cars was one of its goals, in order to “reconquer public space
for pedestrians, not to make it easy for drivers” [43].

Although it is impossible to completely disentangle national policies from city-wide
policies, a national comparison shows a clear trend for Zurich. For example, the second-
largest city in Switzerland, Geneva, has seen an opposite trend over the last 10 years,
with an increasing car usage as well as a slight increase in congestion according to the
Tomtom Index [40]. In fact, even though considerably smaller with 200,000 inhabitants,
Geneva is currently ranked more congested than Zurich. Other cities in Switzerland are of
smaller size and thus have a substantially smaller catchment area; so a direct comparison
is not meaningful.

The city of Zurich has worked hard, especially during the last years, developing
measures to manage traffic better and use the available space in a more optimal manner. As
part of this effort, a good amount of technology has been deployed. The city, for instance,
currently has almost 4000 loop detectors plus a high number of speed cameras (of which
100 are permanent cameras), 400 traffic control signals, 110 variable traffic signs, 15 traffic
information displays, 8 traffic computers, and one traffic control center [39].

Here, the following list of measures is specifically implemented to discourage private
motorized transport:

• Parking policies: limit and reduce parking spaces, high parking fee, and maximum
2 h parking;

• Speed and traffic calming policies: 30 km/h on more than 50% of roads, high density
of speed cameras, and on-street parking on alternating road sides;

• Perimeter control, the Zurich model, and ZuriTraffic: congestion reduced in the
inner city.

2.1. Parking Policies

Parking, although not always used that way, is a very powerful traffic management
tool [44,45]. By actively controlling the general availability of parking (i.e., parking supply),
the maximum possible parking duration, and/or the parking price, travel demand could
be indeed modified [46]. Recall that every trip typically begins and ends in a parking space.
As a matter of fact, parking pricing could be considered as a less controversial alternative to
road pricing [47], as it typically receives less opposition, while still contributing to regulate
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traffic and induce changes to the demand. These ideas are definitely exploited in the city of
Zurich [48].

The city introduced the first parking meters in the 1960s, with an initial focus on
commercial streets with a high turnover rate. Initial deployments show that making
parking decisions at the link level was not ideal, as it rapidly led to spillbacks to other
streets. Since then, parking plans have been made at the neighborhood level [49].

The city has a total of around 265,000 parking spaces, of which only 50,000 are public
property [37]. These are divided among blue (mostly nonpaid) parking zones and white
(paid) parking zones (mostly on-street). Blue zones are for both short-term and long-term
parking for local residents. White zones are for visitors and customers, mostly in the city
center and other commercial areas. Additionally, there are roughly 18,000 private parking
spaces that are accessible to the public. They are mostly on parking garages [37].

The city strictly controls the number of public parking places. As a matter of fact, in
1996, the city council implemented a policy known as a “historic parking compromise”
within the city center, to keep the number of public parking spaces at the level from 1990.
This means that when a new parking garage is built, on-street parking must be removed
in order to keep the net number of additional parking spaces at zero. The construction of
parking garages has allowed then for the conversion of old on-street parking spaces into
new public plazas, shared spaces, and other on-street improvements [50] (see Figure 4a,b).

(a) (b)

Figure 4. The city strictly controls the number of public parking places. In 1996, the city council
implemented a policy to keep the number of public parking spaces at the level from 1990. Source: [49]
(a) Example of a street in Zurich before on-street parking was removed, and (b) example of a street in
Zurich after on-street parking was removed.

Unfortunately, the number of private parking spaces available to the public is not
so strictly regulated yet and has been increasing dramatically during the last decade.
Pricing, however, tends to be relatively high, keeping some degree of disincentive to use
private cars [51]. In fact, according to the global parking index, Zurich has the second-
highest long-term parking fee in Europe after London [52]. This shows a long-term policy
intention to discourage the use of private cars by reducing cheap parking opportunities.
Auto-ownership decreased by 17% in the city of Zurich from 2000–2017 (even though the
population grew by roughly 15%) [30].

The city of Zurich has more restrictions than the canton (i.e., larger region) on the
private parking required by new construction. Access to nearby public transport, air quality
issues, and capacity of nearby roads can further reduce the minimum and maximum num-
ber of parking spaces required for new buildings. It is even possible to create parking free
housing, if alternative mobility solutions (e.g., car sharing) are provided [25,26]. Figure 5
shows the number of publicly available parking spaces in the city over the last two decades.
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Figure 5. Number of publicly accessible parking spaces in the city of Zurich 2001–2015. (*) In 2009,
the city changed the way they counted parking spaces. Source: [38].

In addition, and in order to reduce the searching for parking phenomenon, the city has
deployed a guidance system for parking garages and parking lots. It has 60 static and 250
dynamic displays, as well as an online platform, intended to provide real-time information
on parking availability [37,53].

The city of Zurich now plans to modify the fee structure for parking spaces in the
white zone (i.e., mostly raise prices), increase the hours during which parking spaces must
be paid for, and reduce the maximum parking duration to two hours in order to discourage
commuters from using their cars. In addition, it plans as well to reduce the number of blue
zone parking spaces to offset the addition of private parking spaces. Such measures are
intended to reduce car usage and free up some additional street space for other uses [37].

2.2. Speed and Traffic Calming Policies

Mostly driven by the need to reduce noise, increase the quality of life for residents,
and increase safety, Zurich has been implementing low-speed areas since the early 1990s.
A federal program to implement “Tempo 30” zones was established in Zurich in 1991. Its
main objective was to make streets more livable by reducing traffic speeds. Nowadays,
over 50% of the streets in Zurich have a speed limit of 30 km/h. An important factor is the
rigid enforcement of the speed limits, thanks to a very dense system of speed cameras and
high fines for speeding.

In addition, most residential streets exhibit some kind of traffic calming mechanism:
speed humps, on-street parking spaces with 2–5 cars on each cluster alternating the street
side, chokers, and other road restrictions, etc. Figure 6a,b shows some of the most commonly
used traffic-calming measures. In general, these measures have been shown to create safer
residential areas, lower noise levels, and provide more appealing public spaces [26,54–57].
Therefore such measures reduce negative traffic externalities, which are unsustainable
from an economic and social point of view, e.g., [54–56]. Moreover, reducing speeds in the
network increases the relative attractiveness of traditionally slower, yet more sustainable,
modes. In addition, speed restrictions ensure that potential induced demand is limited [14].
Therefore, such measures reduce or limit the attractiveness of car usage in a direct way.

2.3. Perimeter Control, the Zurich Model, and ZuriTraffic

The automatic traffic control in Zurich consists of a connected system of traffic signals
that can act individually or in coordination, responding to some network-wide objectives.
In the outer regions of the city, the signals are connected to build a green wave and therefore
reduce congestion spillovers [39]. For the inner city, however, Zurich went one step further.
The city implemented an innovative perimeter control that tries to manage congestion
levels below a certain threshold [5,39,42,58].
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(a) (b)

Figure 6. Most residential streets in Zurich exhibit some kind of traffic-calming mechanism. Source:
Google maps (a) road restrictions combined with low-speed limits and (b) alternate parking on both
sides of the street.

In general, the overall traffic management is carried out mostly considering three
area levels. The observation perimeter outlines the largest area, covering beyond the
perimeter of the city. Its goal is to provide enough information in order to estimate the
future amount of traffic within the city some time in advance. It uses monitoring devices
from either the Canton of Zurich (i.e., region including the city of Zurich) or the Swiss
Federal Roads Office. The action area is slightly smaller, covering mostly the city of Zurich
itself. In this area, traffic is monitored using sensors from the city, and this is where the
traffic management measures are implemented. Lastly, the influence perimeter outlines
the smallest of the three areas. This is where most of the impact of the traffic management
measures is observed [39,42].

Using this division, in 2007, the city of Zurich implemented an adaptive gating system
for controlling traffic accessing the inner city. The system, often referred to as the Zurich
model, is a macroscopic operational scheme aimed at reducing congestion in the central
area by managing the inflow in the city perimeter and giving priority to outgoing traffic. It
is based on a demand model elaborated in 2007 [59], which estimates how traffic accessing
the city distributes itself across the different inner roads. The Zurich model continuously
monitors several of those inner roads in order to detect changes (specifically reductions) in
their level of service (see Figure 7). Once such reductions are detected, traffic lights on the
city access roads generating the traffic for those inner streets are adjusted automatically.
Normally, this translates into extended red lights coming into the city during the morning
rush to meter the number of incoming cars and extended green lights leaving the city
during the afternoon rush to allow more cars to leave. The system, although it has some
drawbacks [60], is rather innovative [61], being one of the first perimeter control systems
implemented in the world with this level of technology and responsiveness to real-time
traffic conditions. More details can be found in [61]. Note that the perimeter control also
improves conditions for public transport that uses shared road space. In addition, the
perimeter control limits the access into the protected zone, effectively reducing traffic,
and the resulting congestion. Lastly, the additional waiting time at the boundaries of the
perimeter potentially discourages car drivers from traveling into the city by car.

Notice that information for the Zurich model is also used in ZuriTraffic, an online
platform with a visualization tool that shows the real-time traffic situation within city
limits (https://verkehrslage.stadt-zuerich.ch/, accessed on 15 September 2021). This
visualization tool can be used by drivers to change travel plans based on traffic conditions.

https://verkehrslage.stadt-zuerich.ch/
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Figure 7. Map of the inner city of Zurich and the streets monitored by the Zurich model. Once a level
of service reduction is detected, traffic lights on the city access roads generating the traffic for those
inner streets are adjusted automatically Source: [62].

3. Design and Operational Measures Encouraging Public Transport

The previously discussed measures limiting and optimizing the car network aim to
prevent the induced car mobility demand from vaporizing the improvements. At the same
time, the generated gains from these efficiency improvements are reallocated to the public
transport system of the city. Here, the following list of measures is specifically implemented
to improve public transportation:

• Transit signal priority: full priority for public transport;
• Dedicated public transport lanes: 20% lanes for buses, bidirectional bus lanes;
• Additional signals: presignals;
• Bus and tram stops: curb-side stops.

The public transport system in the city of Zurich is operated by a municipal corpora-
tion with high level of independency, the Verkehrsbetriebe Zürich (VBZ). The organization
was founded in 1896 (under a different name) when it bought its first publicly operated
tram system. In addition, there is a regional authority that plans and coordinates all public
transport services, the Zürcher Verkehrsverbund (ZVV). This is important, as today, the
whole transport system in the country, including the Swiss Federal Railways (SBB), works,
from the user perspective, seemingly as a single entity (e.g., single tickets can be used
for multiple transport modes or regions, transfer times are coordinated across multiple
operators, and travel advice is provided assuming intermodal trips). In fact, when in-
troduced in 1990, the integrated fare system alone increased ridership on feeder buses
within the Zurich region by 53% in just two years [63]. Compared to 1990, the ridership has
continuously risen in the past 30 years. From 2005–2017, ridership increased by another
10% on the city-wide public transportation system [30]. The transport payment system
today is an honor system, where passengers are responsible for buying and validating their
tickets without constant supervision. Enforcement, however, exists; although mostly for
long-distance trains. Fare evasion, nevertheless, is less than 4% in Zurich, where random
ticket checks are conducted sporadically during daytime hours [64].

Around 1,030,000 passengers are moved daily (2019) by the public transport system–
the city’s population is 400,000. This is not surprising given the quality and reliability
of the system, as well as the density of the network. The Zurich city public transport
network includes over 80 lines (14 served by trams, 6 by trolleybuses, 52 by regular buses,
2 by funiculars, 1 by a cog railway, and a few by boat service), covering approximately
290 km of urban network. Moreover, the system includes 451 stops within city boundaries.
This guarantees that most of the trams and bus stops can be accessed with a maximum
walking distance of 300 m. In addition, the frequency of trams and buses is rather high,
with average headways ranging between 5 and 8 minutes [26].
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Zurich was the first city in the world to introduce a control center for public trans-
port in 1971 [62]. This gave rise to a clear priority structure for the different transport
modes [65]. Trams always have first priority (partially based on their physical and me-
chanical limitations and partially based on their high occupancy levels). Buses are slightly
different as they do not necessarily have “official” priority over cars, but for most practical
purposes they do, as in most instances car drivers yield to them [66]. Such priority, com-
bined with a clear time table, and an active response on the bus and tram drivers’ side to
deviations from the schedule, have led to a very high on-time performance of the system.

In 2012, only ∼2% of the public transport passengers arrived over 5 min late, ∼13%
arrived between 2 and 5 min late, and ∼85% arrived on time, i.e., less than 2 min late [37].

Below, some of the measures implemented by the city to encourage the use of this
system are described in more detail.

3.1. Transit Signal Priority

The first traffic signal in Zurich was installed over 70 years ago, on May 1949 [62].
Evidently, since then, signal control in the city of Zurich has evolved significantly; and
signal actuation is now present almost everywhere. The triggers for the signal actuation,
however, have switched from private vehicles to public transport vehicles. Nowadays,
the city has close to 400 signalized intersections, many offering public transport priority.
The system relies on information from almost 4000 sensors spread throughout the city.
Buses and trams are typically detected as they approach the intersections, triggering (when
possible) a green light for their specific approach [67]. Notice that the priority is offered
within certain boundaries (e.g., as long as it does not lead to a queue of cars longer than a
given threshold or while maintaining a maximum and minimum green/red times for the
different approaches). Nevertheless, this type of signal control results in frequent stops for
car drivers. The priority scheme is based on a “full priority” policy. In other words, public
transport vehicles receive priority whether they are early, late, or on-time. This, although it
could be perceived as a less-than-optimal measure, works relatively well in Zurich due
to several reasons. First, it does transmit a message of support toward public transport
and a clear vision regarding the importance given to public transport over private cars.
Second, it greatly simplifies the signal control scheme. Third, given that buses in Zurich
are highly equipped, and typically adhere to their schedule, it works fairly well in most
situations without providing unnecessary priority [30,68,69]. In the case of intersections
with a very high public transport demand, however, the transit signal priority scheme
might not be feasible. These intersections can be very complex, with many conflicting
public transport lines, as well as cars, bicycles, and pedestrians. In such cases, a fixed-time
scheme is normally in place.

3.2. Dedicated Public Transport Lanes

The road network in Zurich includes a good portion of dedicated public transport
lanes (either for trams only, for buses only, or a combination of the two). Within the city
center, for example, approximately 20% of the lane-km are dedicated to public transport,
75% are dedicated to private cars, and only 5% of the lane-km are shared by private and
public transport [70,71].

Evidently, such a high share of dedicated public transport lanes reduces the available
capacity for cars, which can be especially problematic at intersections and other types of
bottlenecks [72]. Hence, in many cases, these dedicated lanes are discontinued directly
upstream of those bottlenecks (see Figure 8a) or implemented on those segments where the
car queues would otherwise impede the free movement of trams or buses (see Figure 8b).
In other cases, buses are allowed to drive on the less-frequented turning lanes upstream
of intersections, even though they are not turning. These measures allow buses to bypass
traffic spillbacks directly upstream of the intersections.
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(a) (b)

Figure 8. Within the city center, for example, approximately 20% of the lane-km are dedicated to
public transport. Sources: [73] and Google Maps (a) discontinued bus lane upstream of an intersection
and (b) special bus lane to bypass car queues.

In addition, when the flow of buses is too low or in order to also provide priority to
different modes, other types of vehicles (typically taxis and bicycles) are given access to
the dedicated bus lanes (see Figure 9a). Notice, however, that this is not very common in
Zurich as the frequency of public transport is rather high. Last, an important measure is
the creation of bidirectional bus lanes. They tend to be short, and are only implemented in
places where there is no space for two additional lanes (see Figure 9b). The length of these
special lanes varies from 260 up to 400 m for bus lines where headways do not fall below
5 min [74].

(a) (b)

Figure 9. Special dedicated bus lanes: When the flow of buses is too low or in order to also provide
priority to different modes, other types of vehicles are allowed (taxis, bicycles, etc.). Similarly,
there are bidirectional bus lanes that can be used by buses traveling in both directions. Sources:
Google Maps and [74] (a) dedicated bus lanes accessible to other selected transport modes and (b)
bidirectional bus lane.

3.3. Additional Signals

On those locations where the dedicated public transport lanes are discontinued, often
times additional signals are implemented. They serve to stop traffic ahead of the merge, so
that buses and trams are never hindered as they transition from the dedicated lanes into
the mixed-use lanes (see Figure 10).

Although the case shown in Figure 10 (i.e., a traffic light at the location when a
tram line merges into the regular car lane) is the most common one, there is at least
one location, with a considerably more complicated scheme. It includes what is called a
presignal [24,75]. This is an additional signal upstream of the intersection’s main signal,
used to provide priority to buses at the intersection, even after the dedicated bus lane has
been discontinued [76]. The presignal is located at a distance that allows enough car storage
between the presignal and the main signal so that the latter can be fully utilized when
buses are not present. The presignal turns red for cars in advance of the red main signal,
so that the last car that crosses the presignal location can also depart from the intersection
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within the same cycle. In addition, the presignal turns red for cars when a bus arrives to it,
irrespective of the main signal. That way buses can move through the intersection without
encountering almost any traffic. The presignal turns green for cars in advance of the green
main signal so that the intersection never starves for traffic. In general, it is possible to think
of this type of presignal as one that intermittently changes the allocation of a lane from
mixed-use to bus-use only. This, although rather uncommon, is a very promising measure.
It provides public transport priority at intersections even when there is not enough space
for a dedicated bus lane. Alternatively, for cases when the car demand is very high, it
could allow cars to discharge from all lanes at the intersection (hence reducing the extent
of congestion), while still providing priority to buses [77]. Figure 11a shows the layout of a
presignal of this kind in Zurich.

Figure 10. Traffic signal to provide public transport priority at end of a dedicated tram lane. Source:
Google Maps.

Another type of presignal used in Switzerland, although not in the city of Zurich but
in the canton (i.e., region), is one that intermittently changes not only the allocation, but
also the direction of travel allowed on a lane [78]. This is useful to provide priority to
public transport on intersections with single-lane approaches. In this case, presignals are
used on travel lanes in both directions on a given intersection approach. One of them clears
cars out of the travel lane in the opposite direction ahead of an arriving bus such that it
can be used almost as a dynamic bus lane [79]. The other one stops cars traveling in the
direction a bit upstream of the intersection such that the bus can merge back into its lane
after jumping a portion of the car queue. Figure 11b shows the layout of a typical presignal
of this type.

3.4. Bus and Tram Stops

Bus stops, when curbside, normally operate as fixed bottlenecks that reduce the
capacity of the road temporarily (while the bus is there). To avoid such issues, bus bays
can be used. However, they can potentially introduce some additional delay to the buses,
as they try to incorporate again into the traffic stream after leaving the stop [80]. In Zurich,
although bus bays exist in certain places, curbside bus stops are more common. They are
typically marked in yellow and require cars to stop. They ensure that buses do not have
any trouble entering back into the traffic stream afterward. That being said, it should also
be noted that drivers in Switzerland typically yield to buses. A research study observed
that even in bus stops where drivers can move ahead of the bus, many chose not to do so in
order to not block the bus [66]. Figure 12a,b shows typical curbside stops in Zurich, both for
trams and for buses. Notice that many of these stops also have pedestrian crossings next to
them, with an island in the middle of the road. This, not only provides a safer environment
for pedestrians and public transport users but also avoids overtaking of public transport
vehicles when at the stop. Limiting overtaking, especially when upstream of signalized
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intersections, can also help buses to gain a more advantageous position in the queue when
leaving the bus stop.

(a) (b)

Figure 11. Layouts of presignals. Presignals turn red for cars when a bus arrives to it, irrespective of
the main signal. That way buses can move through the intersection without encountering almost
any traffic. (a) Layout of presignal in Zurich that changes lane allocation. Source: [24] (b) Layout of
presignal that changes lane allocation and travel direction. Source: [78].

(a) (b)

Figure 12. Curbside stops in Zurich. Limiting overtaking, especially when upstream of signalized
intersections, can help buses to gain a more advantageous position in the queue when leaving the
bus stop. Source: Google maps. (a) Curbside stops for trams and (b) curbside stops for buses with a
pedestrian crossing and island next to them.

4. Design and Operational Measures Encouraging Human-Powered Mobility

As part of the effort to promote more sustainable transportation, the city of Zurich has
developed not only incentives for the use of the public transport system but also other forms
of mobility, including walking, biking, and different forms of shared micromobility. Below
some of the measures are discussed that are implemented to promote human-powered
mobility as well as the challenges faced when doing so:

• Pedestrians: short cycles, green when public transport arrives at stop, and road
crossing anywhere in 30 km/h zones;

• Cyclists: speed reduction, comfort routes, and right-on-red;
• Shared micromobility: per vehicle fee, public dockless bike-sharing system.
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4.1. Pedestrians

In general, most of the emphasis, especially in downtown Zurich, has been placed
on providing priority and safety to pedestrians [39]. For example, current signal control
measures establish a maximum waiting time of 30 s for pedestrians [62]. In order for this
to happen, traffic cycles tend to be rather short (between 30 and 60 s for intersections in the
city center).

Another signal timing approach the city of Zurich is currently testing consists of
setting lights to green at pedestrian crossing when trams or buses arrive. This reduces
the jaywalking of public transport passengers trying to catch their connection. Hence, it
improves pedestrian safety as well as the attractiveness of the public transportation system.
Similarly, pedestrians have priority over cars on pedestrian crossings (whether they have
a signal or not). Notice that many pedestrian crossings have an island in the middle of
the road.

Moreover, in Tempo 30 areas, there are almost no pedestrian crossings since they can,
in theory, cross at any location. This priority system and the lack of signalized crossings
are just another way to increase the social interaction between pedestrians and cars, giving
them both more responsibility regarding traffic safety and forcing drivers to lower their
speed [81–83].

4.2. Cyclists

Bicycle trips remained relatively low with 4% mode share from 2000 to 2010. From
2010 to 2015, the modal share doubled to 8% [38]. As of 2019, two thirds of the people
living in Zurich have a bicycle [38]. However, only about 20% of the population bikes on a
regular basis. Some of the reasons for this are the competition with a well-connected public
transportation system, a highly efficient space distribution between private and public
transportation (not leaving much space for cyclists), and a suboptimal topography, with
main roads reaching almost 15% gradient. In response to this, several operational measures
have been taken over the last decade to improve the cycling infrastructure in Zurich.

The Tempo 30 regime discussed in Section 2.2, for example, reduces the speed differ-
ence between transportation modes, thereby improving the overall safety, including that of
cyclists [84]. Such speed homogenization mechanisms also reduce the need to physically
separate the cycle path from the rest of the road, reducing in turn the space requirements
for cycling infrastructure. As a result, most of the cycle paths in Zurich are integrated in
the cross-section of the road.

A master plan from 2012 defines two types of routes: main and comfort routes.
While the former aims at providing direct and fast connections competing in space with
other modes, the latter operates on less frequented roads, such as residential streets.
Unfortunately, there are still many discontinuities in the routes at major intersections. The
previously discussed space allocation for public transportation and pedestrians has not
only been at the detriment of cars but also makes it hard to reclaim space for bicycles. For
example, the aforementioned pedestrian crossing islands result in a short discontinuity of
the cycling paths, decreasing the cyclist’s safety substantially when overtaken by another
motorized mode. In addition, in almost no case priority is given to cyclists, e.g., when a
comfort route crosses another road. In summary, policy plans are well documented, but
their implementation remains a patchwork.

To compensate for this, additional signals are being installed at some locations to
improve the interactions between cars or public transport and bicycles. When a bicycle is
detected (using an optical bicycle detector) at an intersection in front of a tram, the signal
for the bicycle turns green 10 s ahead of the tram arrival in order for the slower bicycle
not to interfere with the approaching tram [85]. Something similar is performed in some
places to allow a faster discharge of bicycles at an intersection ahead of the cars, with an
early green phase for cyclist only. Moreover, thanks to a change in the Swiss federal law
the beginning of 2021, now cyclists are allowed to turn right while the traffic light is on
red (something not common in Zurich and not allowed for cars) [86]. These measures
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reduce the delay for cyclist at intersections, thus improving their relative speed compared
to other modes. Additionally, many intersections have been modified, when possible, to
incorporate a “bicycle box” in front of the signal, which allows for a better visibility of
waiting cyclists and additional priority in relation to cars [85].

4.3. Shared Micromobility

As in many other cities worldwide, in the last years, Zurich has seen a strong increase
in shared micromobility modes, ranging from simple bicycles to electrified scooters and
bicycles with top speeds of 25 and 45 km/h, respectively [87]. The surge in supply has
caused somewhat unorganized conditions on many pathways and relatively strong criti-
cism of the city council [88]. This, in turn, led to a new operating fee per vehicle introduced
by the city of Zurich in 2019, which argues that the operators are using the city space for
economic activities and should pay for it. For example, an operator of free-floating shared
bicycles pays CHF 10 (EUR 9) per bicycle and month, a deposit of CHF 50 (EUR 45) per
bicycle, and a yearly flat fee of CHF 1500 (EUR 1,370) [88]. This measure has decreased the
number of shared mobility providers substantially to currently five [87].

To partially balance this out, the city of Zurich provides a subsidized city-wide bicycle-
sharing system, “Publibike”. While its implementation was delayed substantially and
introduced after many other European cities, the system does offer a key advantage to
commonly implemented bicycle sharing systems. Its roughly 160 stations are operated
docklessly, i.e., the bicycle is returned to the station without the need to dock it, allowing
for a flexible space usage [87]. In other words, public space still remains organized, keeping
sidewalks free from overspilling shared mobility modes.

5. Integrated Perspective and Future Expectations

Studies focusing on Zurich’s public transport priority [30,35] have stated that the
strategic requirements for a successful deployment are: obtaining and maintaining strong
public support, including elected official support; developing a smart implementation plan
with high-impact projects that quickly show their benefits; organizing the government
to effectively deliver the program, while carefully looking into traffic engineering and
technology; implementing complementary programs to improve the public transport
system; using capital investments to leverage institutional change; and always looking at
the system level problem and solution.

This paper discusses how the city of Zurich uses a holistic approach to transport,
combining strategies to encourage the use of public transport and nonmotorized mobility
solutions with those aiming to discourage the use of private transport. Moreover, this
study shows how such strategies are put into practice for all transportation modes. In
particular, this paper highlights different design and operational measures that together
allow to allocate more space to public transport, which combined with multiple strategies
to promote such public transport and human-powered mobility modes, help curb the
overall car dependence.

As mentioned in Section 1, there exist many classifications and definitions of sustain-
able transportation, e.g., [89–91], but here, the focus is on the seminal work by Litman
and Burwell, where transportation-related sustainability measures can improve three
overlapping objectives: economic, environmental, and social [1]. Their study developed
a list of comprehensive indicators describing the three objectives. The classification is
restricted to first-order effect indicators [1]: climate change emissions, land-use impacts,
transport diversity, as well as nonmotorized transport planning, and resource efficiency. In
order to highlight the circular dependencies, it is also focused on the cycle of sustainable
transportation (see Section 1).

Table 2 first classifies the investigated operational and design measures using the
aforementioned indicators. Then, Table 2 is also used to summarize the discussed interplay
between different design and operational measures and their impacts on the cycle of
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sustainable transportation, which offers more space for other, more sustainable modes,
encourages mode switching and reduces the traffic-related problems in the long term.

Table 2. Evaluation of the implemented design and operations measures with respect to the sustainable transportation cycle
introduced in Figure 1.

Design and
Operations

Measure

Indicators According to
Litman and Burwell Details in More Efficient

Systems
More Space for

other Modes Mode Change Summary

macroscopic control climate change emissions,
resource efficiency [5,42,61]

++ + 0 “Cars are allowed,
but not congestion”30 km/h limit

transport diversity,
nonmotorized planning,
noise pollution, safety

[54–56,84,92]

constant number of
parking

nonmotorized planning,
land-use impact [25,44,48,93,94]

presignals transport diversity,
nonmotorized planning [24,78,95]

+ + + “Modes are separated
where necessary”

use of turning lane transport diversity,
nonmotorized planning [72,78,96]

bidirectional bus
lanes

transport diversity,
resource efficiency,

land-use impact
[97]

short traffic signal
cycles

transport diversity,
community liveability [98]

+ + ++ “Pedestrians and public
transport always go first”absolute priority for

public transport
transport diversity,
resource efficiency [71,99]

Using the introduced cycle of sustainable transportation, it is now possible to discuss
the interactions between the different measures. Therefore, the measures discussed above
are clustered into three overarching categories: (i) Cars are allowed but not congestion: this
category aims to provide adequate network efficiency, mostly for cars. Using a world-wide
unique perimeter control system, the city of Zurich limits congestion. Importantly, the
reduction of the speed limit and the constant level of parking reduces the likelihood of
induced demand; therefore, the infrastructure for private transportation does not need to
grow with time. (ii) Modes are separated where necessary: this is achieved through the
use of dedicated lanes, presignals, and bidirectional bus-lanes, all aiming to improve the
system’s efficiency measured in terms of passengers (not vehicles). Priority and space are
allocated in a targeted and cost-efficient way at intersections and on heavily congested
roads. This allows one to increase public transport’s efficiency, thereby inducing a modal
shift. (iii) Pedestrians and public transport always go first: Short traffic signal cycles and
absolute priority for public transport make the networks more efficient for pedestrians and
public transport. They also recover higher time-space windows for the latter and improve
the reliability of the public transportation system, which in turn induces a modal shift
toward more sustainable modes.

It is clear that some of these measures have dependencies with each other, and those
are not easily separated. In other words, isolating and quantifying the effect of each
individual measure within the context of Zurich is a worthwhile but challenging task,
which is out of scope for this review paper. Some of the specific operational challenges
associated with the deployment of the individual measures were discussed throughout
the text. However, for more details, the interested reader can refer to the sources given in
Table 2 for the respective quantitative analysis.

In addition to the measures listed in Table 2, the city of Zurich is now planning and/or
deploying some new measures focused on cycling in particular, with the clear goal of
promoting cycle in the long term. The city of Zurich intensified its long-term promotion of
cycling. Specifically, a new cycling program, Zurich invites you to cycle, has been proposed.
With the new program, the city plans to double the number of cyclists by 2025 with an
increase across all sectors of society, while reducing also the number of accidents involving
bicycles. In order to achieve these goals, among other measures, more/better park and ride
facilities for bicycles will be established mostly at train stations around the city. In addition,
two new cycle networks are being added: a 97 km network for experienced cyclists and a
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55 km network for families and other less experience cyclists [37]. Additional routes and
lanes fully dedicated to bicycles are being built also in the region surrounding the city.
Figure 13 shows the evolution of modal share in Zurich over the last 20 years, as well as
the goal for 2025. It is evident that public transport has been gaining market share at the
expense of private cars steadily in the past.

Figure 13. Evolution of transport modal share in the city of Zurich.

As part of a 2000-Watt strategic program the city is also looking at reducing energy
consumption in Zurich to 2000 watts per person per year, and CO2 emissions to one tonne
per person per year [100]. CO2 emissions in 2011, when the strategy was devised, amounted
to 5.5 tonnes per person per year. The 2000 Watt Society strategy includes much more than
mobility (e.g., renewable energy sources, more efficient buildings, process and machines).
However, mobility plays a significant role on it, as it accounts for 18% of the energy
consumed and 37% of the CO2 emissions in the city nowadays. Specific goals include the
increase in the efficiency of motor vehicles, a switch to more environmentally friendly
forms of transport, and less mobility overall. For that, the city of Zurich aims to continue
reducing the number of automobile trips and the rate of motorization, especially across the
younger population, through counseling and education [37]. Ideas addressing the growing
mobility needs and the limited space available in the city with more environmentally sound
transport alternatives, such as walking, cycling, and public transport, have been once again
reinforced in the strategic planning for 2035 [101].

6. Final Remarks

abelsec6 This paper discusses the different transport design and operational measures
in Zurich, leading to an integrated perspective promoting sustainable transportation. This
study focuses on the three main elements composing such integrated plan: measures
discouraging private motorized transport, measures encouraging public transport, and
measures encouraging human-powered transport. The experience in Zurich shows that
combining these measures allows for a shift toward more sustainable mobility: (i) cars are
allowed but not congestion; (ii) modes are separated where necessary; and (iii) pedestrians
and public transport always go first. The discussion of Table 2 has shown that the city of
Zurich indeed follows our sustainable cycle of transportation in a holistic way. The imple-
mentation, in turn, is based on an overarching view on mobility that leads to noncompeting
policies; multimodal policies with a mix of incentives and disincentives to promote the
more sustainable transport modes; a long-term vision that guarantees strategies are neither
myopic nor short-lived; and a widespread, clear, and consistent message that ensures
citizens’ support and compliance with the mobility policies. Although successful, many of
these strategies have faced opposition at some point. In fact, the political will, long-term
perspective, and institutional memory have all been crucial for the deployment of this
integrated set of measures. Here, we qualitatively described the path taken by urban
and transportation planning and operating agencies in Zurich in order to achieve a more
sustainable mobility system. Lessons learned from this case study could be helpful to other
cities and agencies as they design their own path.
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