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Introduction

Developing cities and urban transport systems in ways that ensures efficient mobility while reducing the
environmental effects from the transport sector, is a challenge shared by many politicians, professionals
and researchers across the globe. How to do this while making cities more attractive and vibrant, is an
even greater challenge. Transport accounts for nearly a quarter of current greenhouse gas emissions, with
passenger transport contributing to about 50% of total transport emissions in 2015 (IEA, 2017). In the
absence of substantial reductions in vehicle kilometre travelled (VKT) per capita worldwide, increases in
fuel-efficiency and the use of low-carbon fuels will only slow, not reverse, the rise in per capita
CO; emissions (UN, 2013). In this context, reducing driving overall to scale back the environmental and
social costs associated with private car use is necessary to meet sustainability objectives.

Since 2012, the Norwegian Government has promoted the zero-growth objective, stating that increasing
passenger transport demand caused by the rapid population growth in the largest Norwegian urban
regions shall not cause growth in passenger road-traffic volumes (total VKT in the urban region). The
ultimate aims of the objective are more attractive, and more liveable, cities and urban regions that have
more efficient mobility systems. This means active modes will constitute a larger share of transport, city
centres will be vibrant and accessible, and the transport sector will generate less local and global pollution.
A main strategy for achieving this is developing land-use and transport systems in directions that
contribute to reduced transport demand, shorter trips and shifts in the modal split towards less car use.
This requires multi-level and cross-sectoral coordination and steering, and is not an easy task.

Reallocating road and street space to uses other than driving and parking private cars seems like an obvious
measure when aiming at shifting the relative competitiveness of sustainable modes of transport versus
the car, and achieving zero-growth or reduction of traffic. It seems, however, that authorities’ fear of
negative effects and consequences is a key barrier for doing so. This was the key motivation behind the
research project, BYTRANS: to investigate adaptations to, and effects and consequences of, planned,
significant and relevant changes that would take place in the transport systems in Oslo in the period
2015-2020. The researchers understood the planned changes as natural experiments, offering great
opportunities for investigation and knowledge production that could provide important and useful
knowledge for authorities, and others, when developing more efficient and sustainable cities and urban
transport systems for the future.

The paper first describes the Norwegian zero growth objective, followed by a discussion on how
reallocation of road and street space to other uses might reduce car dependency and traffic volumes. Then
follows a brief description of Oslo’s urban region, and quite thorough descriptions of results from three of
the cases studied in the BYTRANS project. These are two main road tunnels (with annual average daily
traffic (AADT) of 50000 and 70 000) where capacity was reduced from four to two lanes, due to
rehabilitation works, for 12 and 14 months, and Oslo city centre where street space has been reallocated
from parking and driving to other uses. Some findings concerning responses to other changes in the
transport systems, as well as to the totality of changes, are also included. The final sections discusses the
results, which closes with a reflection on whether Norwegian cities are steering towards zero-growth, and
what the strongest barriers might be.

© OECD/ITF 2020 5
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The Norwegian Zero-Growth Objective

The Norwegian zero-growth objective states that increasing passenger transport demand caused by the
rapid population growth in Norwegian urban regions shall not cause growth in passenger road-traffic
volumes (total VKT in the urban region). The goal was first stated in the Parliament’s climate agreement
(Ministry of Local Government and Modernisation, 2012), and later in two subsequent National Transport
Plans (Ministry of Transport and Communications, 2013, 2017). Hence, two governments of different
political parties have promoted the objective. As traffic growth and car-dependency in urban regions have
multiple negative effects and consequences, the ultimate aims of working towards the zero growth
objective are more attractive and liveable cities and urban regions. This includes vibrant and accessible
city centres, and efficient, safe and convenient mobility systems. Active modes of transport should
constitute a greater share of the transport system, in order to strengthen public health. The transport
sector will generate less local and global pollution.

Achieving the zero-growth objective, as the population in the urban region grows, requires that inhabitants
reduce their daily car traffic volume by making fewer trips on average, shorter trips and/or lower shares
of trips as car drivers (Tenngy, 2012). A main strategy for achieving this is developing land-use and
transport systems that contribute to reduced transport demand, shorter trips and shifts in the modal split
towards less frequent car use (Ministry of Local Government and Modernisation 2015, Ministry of
Transport and Communications, 2017). This strategy largely leans on theoretical and empirical knowledge
concerning how and why the spatial structure (Hurlimann and March 2012; Newman and Kenworthy,
2015; Naess, 2012; Naess et al., 2019; Rode et al., 2017; Wolday et al., 2019), as well as absolute and relative
qualities of the transport-systems (Borjesson et al., 2012; Cairns et al. 2001; Downs, 1962, 2004; Fishman
et al., 2014; Goodwin, 1996; Litman, 2018; Noland and Lem, 2002; Tenngy et al., 20193,2019b; Walker,
2012), affect travel behaviour and traffic volumes, as illustrated in Figure 1 (see Tenngy, 2012 or Tenngy
et al., 2016 for further explanations).

Figure 1. Interrelations between land use, transport systems, travel behaviour and traffic volumes

Quality of

transport systems

A

Traffic volumes
(vkm)

A

Travel behaviour

Source: Based on Tenngy 2012 and Tenngy et al., 2016.

Hence, there is a relatively widespread agreement on how land-use and transport systems ought to be
developed to reduce or limit urban road-traffic volumes: 1) land-use development as central, urban

6 © OECD/ITF 2020
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densification and transformation rather than sprawl; 2) improving conditions for walking and bicycling; 3)
improving public transport services, and 4) physical and fiscal restrictions to regulate private car traffic
(Downs, 2004; Banister, 2008; Newman and Kenworthy, 2015; Rode et al., 2017; Tenngy, 2012; Tenngy et
al., 2016).

Steering land-use and transport systems developments in the direction of contributing to achieving the
zero-growth objective requires national, regional and municipal authorities to work together, across
relevant sectors. Steering is done through planning and decision processes under the Planning and Building
Act (PBA) (Ministry of Local Government and Modernisation, 2008), through public planning, funding and
implementation of transport infrastructure and public transport services, and use of fiscal measures like
road-tolling and pricing of public parking.: Real and fundamental conflicts are embedded in land-use and
transport planning; stakes may be high, and, while some actors will gain, others will lose whatever decision
is made (Flyvbjerg, 1998). The planning processes can therefore be understood as multi-level and cross-
sectoral arenas for battles, conflict resolution, priority-setting and decision-making, which does not
necessarily mean arriving at a consensus. Coordinating and steering these processes towards defined
objectives, like the zero-growth objective, is demanding. Previous lack of goal-achievement has (partly)
been explained as resulting from the complex and fragmented organisation of land-use and transport
planning, embedded goal conflicts in such processes, and the lack of a power or institution that can
coordinate organisations and steer towards defined objectives (Bryson, Crosby & Stone, 2015; Hanssen,
Mydske & Dahle, 2013; Hull, 2005, 2008; Stead & Meijers, 2009).

Knowing this, “urban-growth agreements” (UGA) the National Government introduced as key tools and
incentives to achieving the zero-growth objective (Ministry of Transport and Communications 2017). The
UGAs are binding agreements between national, county and municipal authorities on how they shall
develop land-use and transport systems in ways contributing to achieving the zero-growth objective in the
relevant urban regions. All three levels work together, across relevant sectors, in suggesting alternative
ways of developing land-use and transport systems, and in analysing whether the suggested alternatives
eventually will result in zero-growth. The final decisions on the packages of measures to be implemented
over a (normally) ten-year period are made through negotiations between national transport authorities
and regional and municipal political representatives. Funding for projects comes partly from toll rings and
partly from state, regional and municipal budgets. The national government grants 66% of the investment
costs for large infrastructure projects, with the county and municipal contributions mainly covered by toll-
road payment and through ordinary budgets. The UGA structure is currently open to nine larger urban
areas and, by 2019, the largest four have signed: the Oslo, Bergen, Trondheim and Stavanger regions. For
2018-2029, national authorities have allocated almost seven billion EUR through the UGAs. See Tgnnesen
et al. (2019) or Ministry of Transport and Communications (2017) for more information about the UGAs.

Reallocation of road and street
space to other uses

Reallocation of road and street space to uses other than driving and parking private cars seems like obvious
interventions when aiming at zero-growth or reduction in traffic volumes. The reallocation can achieve

© OECD/ITF 2020 7
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more attractive and liveable cities and urban regions, with vibrant and accessible city centres that have
efficient, safe and convenient mobility systems. These mobility systems stimulate travel by active modes,
and reduce both local and global pollution from transport, as well as land take.

Reallocation of road space to other uses affects travel behaviour through several mechanisms. Focussing
first on direct effects affecting the competition between modes, and assuming that people aim at reducing
travel time, improving travel comfort and/or reducing direct expenses, the absolute and relative qualities
of the transport systems (for car, public transport, bicycling, walking) matter for people’s travel behaviour.
If travel is fast, comfortable and cheap, one would expect trips to be more frequent and, on average, longer
than if travel is expensive, uncomfortable and time-consuming. If conditions for using one mode of
transport become better, compared to conditions for using other modes, the share of this mode will
increase (Cairns et al., 2001; Downs, 1962, 2004; Goodwin, 1996; Mogridge, 1997; Noland and Lem, 2002;
SACTRA, 1994). Hence, if travelling by public transport, bicycle or foot becomes relatively better (faster,
cheaper, more comfortable and safer) than travelling by private car, this would influence the modal choice
and contribute to reduced car shares and traffic volumes. In this perspective, the reallocation of street
space in the city away from driving and parking for private cars, to instead improving conditions for cycling,
walking and public transport, would be expected to improve the competiveness of sustainable modes
versus the car. Reallocation of road space on main roads to public transport lanes or freight transport
lanes, would alter the competitiveness between the private car and public transport.

Reallocation of road and street space also works through indirect mechanisms. Focusing on the denser
urban areas and city centres, reallocated street space could give more room for public life, socialising,
trees, parks, playgrounds, outdoor cafés and other things, making walking and cycling more pleasant,
enjoyable and interesting, and hence more competitive versus the car (Carmona et al., 2017; Ewing and
Handy, 2009; Forsyth and Krizek, 2010; Speck, 2012). This also makes walking to public stops more
attractive, and therefore increases public transport competitiveness.. All this also contributes to achieving
objectives like those mentioned above, for instance improved public health and more vibrant city centres.
It can also make living in dense urban areas more attractive, and thus reduce traffic volumes in the city, as
those living and/or working in dense inner city areas and city centres generate less traffic than those living
and working elsewhere (Newman and Kenworthy, 2015; Naess et al., 2019, Wolday et al., 2019).

Taking the regional and long term dynamics between development of land use, transport systems, travel
behaviour and traffic volumes into account, reallocation of road and street space to other uses can have a
strong impact. It is well known and documented that increased road capacity in congested transport
systems induces car-dependent land use sprawl, causing increased transport demand, higher car-shares
and increased traffic volumes (Cervero, 2003; Downs, 2004; Newman and Kenworthy, 2015; Noland and
Lem, 2002; Naess et al., 2019; Tenngy et al., 2019a; Wéagener and First, 2004). In urban areas with high
potential for sprawl, these processes continue until traffic growth causes renewed congestion, with more
people “stuck in traffic” than there were before (Downs, 2004), an urban structure that is harder to serve
by other modes than cars and a perceived demand for road capacity expansions to ease congestion and
improve accessibility (Tenngy et al., 2019a). Knowing this, one would expect that reducing road capacity,
by for instance reallocating road space to other uses, would result in less sprawl and less traffic.

Suggestions for reallocating street and road space, or to not expand road capacity in congested situations,
are often met by arguments that this might cause increased congestions, problems for people in their
everyday lives, reduced profitability for commercial traffic, less people visiting the city centre, etc. These
reactions could be a result of not considering the relevant dynamics, and of not understanding the
behavioural responses to changes in the transport systems. In their well-referred article, Cairns et al.
(2001:21) analysed 70 case studies of road space reallocation from eleven countries, and found that “well-

8 © OECD/ITF 2020
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designed and well-implemented schemes to reallocate road space away from general traffic can help to
improve conditions for pedestrians, cyclists or public transport users, without significantly increasing
congestion or other related problems”. In Norway, as well, there have been several examples of capacity
reductions on urban roads, where information about what is about to happen has resulted in reduced
traffic volumes and far less congestion and chaos than expected (Torp and Eriksen 2009), and where
temporary increases in congestion and delays were reduced when people changed travel behaviour
(Asplan Viak 2008).

Despite the reported experiences from cities across the world, and quite recent experiences in Oslo and
elsewhere in Norway, transport authorities, commercial transport actors, political decision makers and the
public seem to expect more congestions and problems with a reduction in road and street capacity, than
the empirical findings in the research literature describe (Tenngy 2010, 2012). As a result, authorities may
expand road capacity or refrain from reallocating road and street space to other uses, based on faulty
assumptions or a lack of documented knowledge, when the documented knowledge could have helped
them achieve prioritised objectives. This was the key motivation when initiating the research project
BYTRANS (described below): to investigate adaptions to, as well as effects and consequences of, a number
of planned changes in the transport systems in Oslo.

Previous research offered knowledge concerning how people could be expected to adapt to the changes
in the transport systems. One important source was Cairns et al. (1998, 2001), describing a number of
documented behavioural responses to changes in the transport systems. They found that people might
change routes, change when they travel, change the transport mode, their travel frequency, what they do
during the trip, and they might change their journey destination. Over a longer period, people may also
move or change jobs.

Previous research has also provided explanations and evidence on how urban freight and distribution
companies can adapt to increased delays in specific parts of the transport system (Allen et al. 2000, Browne
et al. 2003). These can be summarised as changing scheduling, trip timing, routes, delivery frequency and
size, vehicle fleets, or modes of transport. They can also negotiate contracts, reorganise routes or hire
more drivers. Alternatively, they can continue operating as before. Truck drivers may have few adaption
alternatives beyond starting their route earlier to reach all the planned deliveries, selecting alternative
roads where possible, or working more efficiently/faster. Effects may encompass increased use of specific
routes, longer travel distance (for detours), reduced punctuality, and missed or delayed deliveries (Allen
et al. 2000, Browne et al. 2014, Ivanov et al. 2008, Mesa-Arango et al. 2013), causing consequences such
as increased average vehicle operational cost and reduced profitability for the freight and distribution
companies. Consequences for truck drivers may be increased stress, longer working days, and less
convenient working hours, possibly resulting in health and safety problems (Crum and Morrow 2002,
Mayhew and Quinlan 2006, Navestad et al. 2018).

© OECD/ITF 2020 9
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Reallocation of road and street space in Oslo:
Adaptations, effects and consequences

Oslo Urban Region: A brief introduction

Oslo and the neighbouring county Akershus have stated a joint objective, in their common regional plan,
of halving their CO, emissions by 2030 (Municipality of Oslo and County of Akershus 2015). Oslo and
Akershus is also one of four urban regions having sighed Urban Growth Agreements (UGAs) so far. Within
this framework, zero-growth is to be obtained for the Oslo and Akershus region as a whole. Oslo was
appointed as the European Environmental Capital 2019, and received the European Sustainable City Award
in 2003.

The counties of Oslo and Akershus have together about 1.3 million inhabitants (2018), of which 52% in
Oslo and 48% in Akershus (Statistics Norway, 2019). The continuous urban area of Oslo (the morphological
city) has about one million inhabitants, two thirds of whom live in the county of Oslo. There has been a
strong population growth in the two counties, by about 20% from 2008 to 2018, and 8% from 2013 to
2018. The relative growth has been similar in the two counties. The growth has resulted in increased
density in the urban region, that is a result of cultural change toward higher popularity of ‘urban lifestyles’
and planning policies motivated by sustainability concerns (Naess et al., 2011).

In the period 2015-2020, numerous changes have taken place in land use and transport systems in the
Oslo Urban region and in the city of Oslo. The population has increased by about 30 000 in Oslo and almost
60 000 in the region as a whole, resulting in, among other things, the construction of new housing and
workplaces. This construction has densified and transformed the inner and central parts of Oslo city. Also
in the transport system, there has been significant changes. This concerns continuous improvement of the
public transport services (for instance increased vhkm travelled for public transport — illustrated in
Figure 2).In 2016, the opening of a new metro station allowed for new and better connections and a large-
scale reorganisation of the metro system. Parking fees for on-street parking has been introduced in the
inner city, with higher fees for visitors and lower fees for inhabitants. The city removed on-street parking
in the inner city to give room for bike lanes, and give room for nine continuous bike routes through the
inner city to the city centre. Ten tunnels on the main-road system have been undergoing substantial
rehabilitation. The work required partial closing of the tunnels, thereby significantly reducing the road
capacity. Road-tolls increased in 2017, and in 2019 an ‘inner toll ring’ was established to also toll those
driving in the city. The City Government initiated their ‘car-free city centre’ project, to make the city centre
(essentially the central business district) more vibrant, enjoyable and accessible by modes other than the
private car. Most street parking has been removed in the city centre, pedestrian areas and pavements
have been expanded, bike lanes have been built, and measures have been introduced to stop through-
traffic (there was not much, as tunnels take almost all through-traffic).

These changes have probably contributed to the development illustrated in Figure 2. It shows that public
transport services have improved, resulting in significantly stronger growth in the number of public
transport passengers in Oslo and Akershus compared to the population growth, and a lower increase in
passenger car traffic.

In their regional plan, Oslo and Akershus aim at contributing to the positive trend, and to reducing CO;
emissions significantly. As high proportions of CO, emissions in the region come from road traffic, they
need to reduce traffic volumes as well as continuing the shift towards electric vehicles. According to the

10 © OECD/ITF 2020
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regional plan, new land use development is mainly to be concentrated in the dense inner city, in the
continuous urban area (particularly as densification around transit stops) and in five to six “regional towns”
along the railway lines, with some development also in other “prioritised urban settlements”. 80-90% of
population growth should take place within the above-mentioned areas. To utilise transport infrastructure
better through more balanced inward and outward commuting, a higher proportion of the workplaces,
particularly within ‘high-qualification trades’, should exist in the outer parts of the region and especially in
the northeast. This is assumed to reduce commuting distances (Municipality of Oslo and County of
Akershus 2015). This latter strategy might probably contribute to a slightly higher car traffic growth from
residential development in the upcoming decades than in 2000-2016 (Wolday et al. 2019).

Figure 2. Key figures for development in Oslo and Akershus

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 20011 2002 2013 2014 2015 2016 2017 2018

= Population Oslo og Akershus = Car journeys Oslo = Passengers PT Oslo

Car journeys Akershus ———Passengers PT Akershus ——\/ehicle-kilometres PT

Source: Annual report 2018, Ruter (2019).

The regional plan presents guidelines rather than concrete projects for the development of the transport
system, and it refers to other relevant plans, assessments and policy documents. The plan focuses on
developing the transport system to connect different parts of the region, the better utilisation of transport
infrastructure, and the need to meet the zero-growth objective. It describes major rail and metro
infrastructure projects, which will increase capacity, frequency and coverage by rail and metro, along with
intentions to reallocate road and parking space to public transport, cycling and walking, and parking
restrictions. The plan mentions congestion in the road system mainly as a problem for commercial
transport and suggests reduced private car-traffic as the best way to improve the situation. The plan
explicitly states that “road-building your way out of congestion” is not a feasible option. Interestingly, it
does not mention two large-scale urban road capacity expansion projects under planning in the Oslo
region, which probably will cause increased road traffic. Instead, it states that they will build larger road
projects in accordance with priorities in the so-called Oslo package 3 that is closely related to their UGA.

The BYTRANS research project

Knowing that significant changes would take place in transport systems in Oslo in the period 2015-2020,
researchers from the Institute of Transport Economics saw these changes as natural experiments, offering
great opportunities for investigating how different groups of transport users adapted to the changes. They

© OECD/ITF 2020 11
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also offer opportunities to investigate the effects and consequences for the transport systems, as well as
the different users of the transport systems, along with the local and global environment. This could
provide important and useful knowledge for authorities and others when developing more efficient and
sustainable cities and urban transport systems for the future. The researchers initiated a large-scale
research project, by inviting local, regional and national transport authorities, planning authorities, private
transport actors and others to develop a project proposal addressed to the Norwegian Research Council,
and to cooperate in and cofinance the project. The project was granted, and has been running since 2015
(and will close in June 2020). The main cases the researchers investigated were capacity reductions in two
main road tunnels, the ‘car-free city centre’, and changes in the public transport system (the latter will not
be discussed here), see timelines in Figure 3. The project was set up to both investigate the selected cases
in depth, to monitor responses to other changes in the system, as well as how road-users and others
experience the totality of the changes in the systems.

Figure 3. Timeline for the changes in the Oslo transport system investigated in the BYTRANS project

2015 2016 2017 2018 2019

s F[w[ a[ W[ o] T als[ o w[ o] u e[ w[ a] w] a[a a] s[ o] w[ o[ o[ r[ [ a] ] +] o] a] s[ o[ w] o[ o e[ u] a[ w[ 4] o] a[ s[ o[ w[ o] o] F[ u] a] w[a] o] a[s] o] #[ ®

Bstensje Metro
April 2015 to April 2016

Smestad Tunnel
June 2015 to May 2016

Granfoss Tunnel
October 2015 to July 2017

‘ Bus 57 closed, Laren Mefro Station opened
April 2016

Bryn Tunnel
February 2016 to April 2017

Changes in the City Center of Oslo

Source: Data from NPRA, figure from Tgnnesen et al. 2019 and Tgnnesen et al (forthcoming)The main data,
methods and sources for data collections for all cases were:

e Traffic volumes from traffic registration points operated by national and municipal transport
authorities

e Average traffic speed on road links, from the service reisetider.no, by the national road
authorities

e Data on commuters’ and city-centre users’ adaptions to changes in the transport systems, and
the effects and consequences they experienced, from surveys with employees in companies
located within the border of the Municipality of Oslo (plus the eastern parts of the Baerum
Municipality) every spring (May/June) from 2015 to 2019, and interviews with commuters
recruited through the survey

e Data on truck drivers’ adaptions, and the effects and consequences they experienced, from
surveys and interviews with truck drivers and transport planners in freight companies in the years
2015 — 2019, all conducted by researchers from Institute of Transport Economics

e Data on taxidrivers’ adaptions, and the effects and consequences they experienced, from surveys
and interviews with taxi drivers in the 2015 and 2016, by researchers from Institute of Transport
Economics, and analyses of data from the trip-data system of a major taxi operator

e (Other data collected, but not used in this paper: Public transport passenger data, public transport
speed, bicycle traffic data, information about changes in the transport systems from authorities.

12 © OECD/ITF 2020
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Traffic data in the same predefined weeks every year from 2015 to 2019, and historical data for the same
weeks back to 2014 were retrieved when available. Researchers selected weeks understood as stable with
respect to the weather and the traffic situation, and weeks that were relevant when monitoring significant
changes in the transport systems. The selection was also affected by data availability, as some traffic
registration points were installed to monitor effects of the investigated changes in the transport system.
The main reasons for analysing selected weeks, instead of all weeks, were to be able to monitor effects of
the changes in the system and to control whether other major incidents in the system affected the data.
In most analyses of traffic data, the focus was on rush hour traffic, when the traffic load is heaviest.

Respondents to the surveys were recruited through their employers. Using geocoded information from
the Central Register of Enterprises (Statistics Norway), invitations to participate in the survey were sent to
a large number of randomly selected companies located within the borders of Oslo Municipality, as well
as in eastern parts of the neighbouring municipality Beerum. Those companies agreeing to participate
could either send the researchers email addresses to their employees so that researchers could send
guestionnaires directly to them, they could forward an pre-written email to all their employees, or they
could ask their employees to participate via their intranet or similar. This means that researchers cannot
know whether the sample of respondents is representative of employees working in companies located in
Oslo and eastern Bzaerum (as the characteristics of the total population is unknown), or if they are
representative for those being invited to participate in the surveys (as the characteristics of those invited
are unknown). Hence, researchers cannot know whether there are any systematic patterns concerning
who participated and who did not. The researchers knew this when designing the study, which did not
aim at statistical generalisation. We do know the location of respondents” workplaces, and the sample is
representative with respect to location of workplaces within the relevant geographical area. The number
of respondents were relatively high, varying from n=4 270 (2015) to n=6 768 (2016). The surveys had one
“monitor-part”, with the same questions every year and which all respondents were asked to answer, and
one or more “case-parts”, which the researchers asked those working in areas believed would be more
affected by the investigated changes to answer. The reasons for the latter were i) that the researchers
were more interested in knowing how those that were affected by the investigated changes in the
transport systems adapted and what effects and consequences they experienced, rather than knowing
how many in the Oslo region were affected by each change, and ii) the researchers did not want to tire
out all respondents with very long questionnaires. Around 30% of the respondents agreed that they could
participate in follow-up interviews, and this allowed the researchers to select interviewees with different
characteristics, travel behaviour and experiences.

Recruiting truck drivers and taxi drivers to the surveys was challenging, as has also been reported in other
studies recruiting professional drivers (see, e.g., Naevestad et al., 2019). The number of survey respondents
remained low, varying from n=41 (2015) to n=89 (2019), despite the researchers made real efforts and
cooperated with relevant actors. For the same reasons as with commuters (described above), we cannot
know whether the sample is representative, and this increases the risk that any mechanisms affecting the
sample will influence the results. Repeated interviews with a defined group of truck drivers provided more
in-depth information about adaptions, as did interviews with transport planners working for the freight
companies. Taxi drivers were interviewed in group interviews.
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Capacity reduction in main road tunnels: Adaptions, effects and
consequences

Ten tunnels on the urban main road system in Oslo needed to undergo substantial rehabilitation works in
the period 2015 — 2020, due to EU directives (EU, 2004). For three of these tunnels, the rehabilitation
works required to close two of four lanes at a time, while two-way traffic was permitted in the open tube,
and the works lasted for a year or more. These are dual tunnels, carrying 30 000— 70 000 vehicles a day
(AADT), and they are located on the main ring road (Ring 3) in Oslo (see Figure 4). When the rehabilitation
works were finished, both tubes opened for traffic, and the tunnels regained the same capacity as before
the rehabilitation works started. Ring 3 distributes traffic between different parts of the city, the region
and the country. Traffic is similar in both directions, also in rush hour. Speed limits are normally 70 km/h,
and were reduced to 50 km/h during the rehabilitation periods.

Figure 4. Map showing Ring 3, the relevant tunnels and the main road system in Oslo
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The authorities expected the capacity reductions in all three tunnels to cause significantly increased
congestions and delays. Before the Norwegian Public Roads Administration (NPRA) started the
rehabilitation work in the Smestad and the Bryn tunnel, they ran large information campaigns warning
road users that the capacity reductions probably would cause heavy congestion, and encouraged users to
find other ways of travelling in rush hours (see Tgnnesen et al. in review for detailed descriptions and
analyses of the information campaigns).

The BYTRANS project was set to investigate all three tunnels. The idea was to gain knowledge on how
different groups of road user (commuters, truck drivers, taxi drivers) adapted to the capacity changes, and
what effects and consequences they experienced. This could provide useful input to future debates
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concerning reallocation of road space in the main road system from private cars to other uses (for instance
public transport lanes, freight transport lanes or bicycle infrastructure), and in debates concerning the
need to expand road capacity in congested systems. Findings would also be useful for authorities in future
situations where rehabilitation works cause the need to reduce road capacity, creating similar situations
as those investigated here. The capacity reduction in the first tunnel undergoing rehabilitation works, the
Smestad tunnel (AADT 50 000), resulted in almost no measurable effects. Hence, the researchers decided
to not investigate the next tunnel to be rehabilitated (the Granfoss tunnel, with AADT 30 000), and instead
focus on the Bryn tunnel with AADT 70 000.

Based on existing literature (described above), the research was designed to answer the following research
qguestions:

e How did the capacity reduction in the tunnels affect traffic volumes and average speeds in and
close to the tunnels?

e  Which effects and consequences were experienced in other parts of the road transport system?
e How did commuters, truck drivers and taxi drivers adapt to the capacity changes?

e What effects and consequences did commuters and truck drivers experience?

e Did the information about the changes reach the road-users, and did they have any effects?

Adaptions could be to change routes, modes of transport, trip timing, trip frequency, travel behaviour, etc.
Effects could be changes in congestion, delays, time-usage, traffic situation reliability, etc. Wider
consequences for commuters could occur if they changed routines and responsibilities within the
household, and if their satisfaction with their commute changed. For freight transport and taxi transport,
this could concern variability in delivery time, the need for detours, and quality of the workdays for the
drivers.

Results: The Smestad Tunnel

The main result from investigating adaptions to, and effects and consequence of, halving the capacity in
the Smestad tunnel, was that not much happened (see Tenngy et al., 2015 and 2016 for fuller descriptions
of the case-study design and the results). Two of four lanes in the tunnel were closed from 1 June 2015 to
22 May 2016. A successful information campaign resulted in significantly reduced traffic on this part of
Ring 3 the first day after the capacity reduction (down 37% and 3 500 vehicles in the two-hours morning
rush from 07:00 to 9:00 when summarizing both directions, and down 33% and 3 200 vehicles in the
afternoon rush hours from 15:00 to 17:00). Many of those normally driving through the Smestad tunnel
and this part of Ring 3 found other alternatives these days. There are no indications in our data that they
chose other routes on the road network, and we assume that commuters either chose other modes or
worked from home. As a result, the traffic was free-flowing on the affected link (and in the road transport
system in Oslo in general the day the capacity reduction was implemented), and the expected congestion
did not occur, see Figure 5.
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Figure 5. Average traffic volumes and traffic speed, weekdays in selected two-week periods, in morning
rush hours (7:00-9:00) and afternoon rush hours (15:00-17:00)
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The press geared up to cover congestion and chaos, but ended up reporting that traffic was smoother than
ever. Already the second day after the capacity reduction was implemented, traffic started to increase.
Three months later, traffic volumes were back at normal levels. Only small increases in delays were found,
despite the fact that the road capacity had halved. In accordance with this, there were no indications in
the data that traffic was redistributed to other roads, or that road-users had made any adaptions to the
situation. Commuters reported no, or few, effects and consequences, as did truck drivers and taxi drivers.
This is likely because the Smestad tunnel had enough capacity, with one, instead of two, lanes in each
direction to carry the traffic load it had before the capacity reduction (about 1 400 vehicles per hour, one
direction). The traffic is about equal in both directions, also in rush hour, and much of the traffic is
dispersed throughout the day. Hence, peak traffic volumes are probably lower than in many other roads
with similar AADTs. Interestingly, these findings caused debate among professionals working in the Oslo
area, and some doubted that the results could be correct. This concerned, among other things, the
maximum capacity per lane per hour.

Results: The Bryn tunnel

The Bryn tunnel is located on the part of Ring 3 with the heaviest traffic, and it carries about AADT 70 000.
Traffic volumes are almost equal in both directions, including during rush hour. The average traffic per
weekday in calendar weeks five and six of 2016 was about 82 000 vehicles a day, and of these, about
9 900 vehicles were longer than 5.6m (understood as mainly freight and distribution transport). The
capacity in the tunnel was reduced from four to two lanes in the period of 20 February 2016 to
29 April 2017. The capacity reduction in the Bryn tunnel was expected to cause more congestion and
delays than in the other tunnels, as it had the highest traffic volumes, and the capacity would be reduced
for 14 continuous months.
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Changes in traffic volumes and speeds

The total traffic volumes through the tunnel went down during the capacity reduction, by 26-34% in rush
hour and by 23% per day, returning to about the same levels as before when the tunnel regained normal
capacity. Figure 5 illustrated traffic in morning and afternoon rush hours (total traffic for two rush hours,
and in both directions, average for weekdays in two-week periods). The researchers did not find similar
traffic reductions at the reference point, E18 Ramstadsletta.

Figure 5. Average traffic volumes, E6 Manglerud, during morning rush hour (7:00-9:00) and afternoon rush
hour (15:00-17:00), summing both directions for selected weeks in 2016, 2017 and 2018.
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Source: Facsimile from Tenngy et al 2019c, data from the Norwegian Public Roads Administration [NPRA].

Despite the substantial traffic reduction, the average speed on the part of Ring 3 including the Bryn tunnel
was significantly reduced in both the morning and afternoon rush hours (see Figure 6). In the before and
after situation, average measured speeds were close to, or above, the speed limit (70 km/h), except from
southbound traffic (“out of the city”) in the afternoon rush hour where average speed was about 30 km/h.
During the capacity reduction, speed limits were reduced to 50 km/h, and the average measured speeds
to 30—40 km/h. Again, the southbound traffic in afternoon rush hour was the exception, with average
speed reduced to about 20 km/h. Comparisons of weeks five and six in 2016 and 2017 revealed extra time
used on the 3.3 km long Teisen-Ryen road link in 2017 varying from 2.5 minutes (morning, southbound) to
5.1 minutes (afternoon, southbound). When also including the road links to the south and to the north of
the Teisen-Ryen road link, extra time used on the 13km stretch between Klemetsrud and Grefsen varied
from 2.5 minutes (morning, southbound) to 12 minutes (afternoon, southbound).

Average speeds in the hours adjacent to rush hours were also analysed. In the normal situation, traffic was
almost free-flowing, at speeds close to, and higher than, speed limits (70 km/h). In the period when the
capacity and the speed limit were reduced (to 50 km/h), average measured speeds were reduced to
around 30-50 km/h in different hours (adjacent to rush hours) and directions. This was most evident in the
northbound direction (“into the city”) between 9:00 and 10:00 in the morning, when average speeds (over
two-week periods) were down to 30 km/h.
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Figure 6. Average speeds of the Teisen—Ryen route on the weekday morning rush hour (7:00-9:00) to the
left and on afternoon rush hour (15:00 — 17:00), on weekdays in selected two-week periods.
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Commuters’ adaptions to the capacity reduction

In the survey with employees working in businesses in the Bryn area (June 2016), 40% of the respondents
answered that their commutes had been affected, positively or negatively, by the capacity reduction in
the Bryn tunnel. Of these, 41% had not made any changes to their commutes to adapt to the situation.
33% answered they had changed the starting time of their commute, 22% that they had changed routes,
13% that they had changed mode of transport, 7% that they had home-office more frequent, and 7% other
changes (see Figure 7). Among car-drivers, fewer reported “no changes” (34%). 43% of them said they had
changed when they travelled, and 28% that they had changed routes. As Figure 7 shows, a large majority
of respondents reported in 2017 and 2018 that they had not made any changes in their commute to adapt
to the capacity expansion back to four lanes in the Bryn tunnel.

The BYTRANS project was designed to measure road users’ adaptions to the capacity reductions also in
other ways than asking people directly through surveys. Using traffic data from the registration point
closest to the Bryn tunnel, E6 Manglerud, to analyse if traffic increased in the hours before and after
rush-hours, the researchers found that traffic was reduced in these hours in the period with capacity
reduction. This finding is not in accordance with what respondents answered in surveys. It is likely because
they adjusted their trip timing somewhat, to compensate for the extra variability and the extra time used,
and not that they made more substantial changes in trip timing.

The researchers also analysed changes in traffic volumes on alternative routes, to see if there was any
measurable evidence of rerouting of traffic. They found a 12-37% increase in traffic volumes on the most
relevant alternative route in the main road system (the Svartdal tunnel), when comparing traffic volumes
in weeks 38 and 39in 2015 and 2016, indicating that this was used as an alternative route. The researchers
found small increases on a route taking traffic around Oslo and on relevant municipal roads. They also
found increased rush hour delays on a north-south main road route (E6 Karihaugen-Helsfyr) crossing
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Ring 3, caused by the increased congestion around the Bryn tunnel. Apart from this, it seems that the
effects of the Bryn tunnel capacity reduction were mainly limited to the road network in close proximity
to the tunnel.

Figure 7. What changes respondents had done in their commutes, to adapt to capacity changes in the Bryn
tunnel. Multiple answers allowed. Question asked only to those answering that their commutes had been
affected by the capacity changes.
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In the surveys conducted in 2015, 2016, 2017 and 2018, researchers asked what mode of transport
respondents had used for the longest part of the journey last time they travelled to work. Researchers met
them where they normally meet. Answers to this question revealed a substantial change in modal split
amongst respondents working in businesses located in the Bryn area. We found a substantial decrease,
from 39% in 2015 to 29% in 2016 of respondents answering that they had been driving (see Figure 8). The
decrease continued to 27% of car-drivers in 2017 and 21% in 2018. The share of respondents answering
that they had travelled by public transport and bicycle increased. Important to mention her is that a metro
line was closed for rehabilitation when the 2015 survey was done, and had reopened before the 2016
survey. One of the large businesses participating in the surveys introduced a parking charge in the same
period. In comparison to these results, only 13% answered in the survey that they had changed mode of
transport as an adaptation to the capacity reduction in the Bryn tunnel.

Figure 8. “What mode of transport did you use for the longest part of the trip last time you travelled to
work and meetings?”
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Researchers also asked how often respondents had worked from home remotely the previous week. In
2015, 89% answered “never”. This decreased to 82% in 2016 and to 76% in, and increased back to 81% in
2018. Interviewees told that their employers had been less strict about the use of home-office in the period
with capacity reduction, to ease the negative impacts, and the interviewees appreciated this. “This
increase in working from home matches the participants’ responses when asked how they would adapt to
the capacity reduction of the tunnel.”

Truck drivers’ and taxi drivers’ adaptions

Analyses of traffic data showed that only a minority of drivers of long vehicles (longer than 5.6m,
representing freight and distribution vehicles here, but also including other long vehicles) adapted to the
capacity reduction by avoiding the Bryn tunnel in morning rush hour and during the day (see also
Caspersen et al. in review for more detailed information). The number of long vehicles decreased by 4%
(386 vehicles) per day compared to weeks five and six in 2016 and 2017 in the E6 Manglerud registration
point and by 13% (1 523 vehicles) in the Rv 150 Hovin registration point. This was substantially less
reductions than for the total number of vehicles (all lengths), which decreased by 23% and 20%,
respectively. During morning rush hour, the number of long vehicles was stable at E6 Manglerud and down
14% (216 vehicles) at Rv 150 Hovin, while the total traffic volumes reduced by 34% and 23%, respectively.
This indicates that only a minority of drivers of long vehicles who normally drove through the Bryn tunnel
adapted by avoiding the tunnel, and that they did so to a lesser degree than other drivers did.

An increased number of long vehicles on the most logical alternative route, the Svartdal tunnel on the
main road system, indicated that some drivers chose this as an alternative route. The number of long
vehicles increased by 41% (838 vehicles) per day and 29% (70 vehicles) in morning rush hour (compared
weeks five and six in 2016 and 2017). In comparison, the total traffic in the Svartdal tunnel increased
relatively less, by 8% per day and 0% in morning rush hour (these figures differ from those reported above,
where total traffic volumes in weeks 38 and 39 in 2015 and 2016 were compared, and it was found a 12-
37% increase in total traffic in the Svartdal tunnel). The data also showed that drivers of long vehicles did
not use the more local roads as alternative routes, as the number of long vehicles on those routes were
stable or reduced. Traffic through the E18 Ramstadsletta reference point was relatively stable. After the
Bryn tunnel regained full capacity, the number of vehicles in the registration point close to the tunnel
increased to somewhat lower levels than in the before situation, while the traffic was reduced toward
2016 levels in the Svartdal tunnel.

Interviews with 19 truck drivers, including ten drivers who did make various adaptations and nine drivers
who did not, gave more information about how they adapted. This concerned different ways of avoiding
the Bryn tunnel, especially in rush hours, by using alternative roads, reorganising delivery routes, and
starting earlier or later to avoid congestion and/or compensate for extra time spent. The interviews with
truck drivers and transport planners were consistent in terms of whether the companies made
adaptations. In both groups, some said they did and others said they did not. Adaptations included
rerouting, changing departure times, and guiding truck drivers out of the most congested areas at the
most congested times. Some transport planners had adaptions planned but found them unnecessary to
implement. Truck drivers and transport planners alike claimed limited flexibility, due to strict customer
contracts. This is in line with results from the analyses of the traffic data. After the rehabilitation work
finished in 2017, truck drivers said they had mainly returned to their old routines.

Taxi drivers said, in group interviews in 2016, that they had not seen any need to adapt. They could use
the public transport lanes, and were not much delayed by the capacity reduction.
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Effects of the capacity reduction

The effects of the capacity reduction in the Bryn tunnel were reduced travel speeds through the tunnel,
through the adjacent road links and on the north-south main road route (E6 Karihaugen-Helsfyr) crossing
Ring 3, as well as increased variability in the traffic situation. As said, it seems that the effects of the
capacity reduction were mainly limited to the road network in close proximity to the Bryn tunnel. Surveys
and interviews of road users also revealed effects related to walking, bicycling and public transport.

In 2016, those who answered in surveys that their commute had been affected by the capacity reduction
in the Bryn tunnel, were asked which changes they had experienced. Concerning negative effects, more
congestion was the most frequently selected answer (58%), followed by increased travel time (57%),
reduced punctuality (27%), more car traffic where they walk or bicycle (21%), increased travel time by
public transport (15%) and more crowding on public transport (12%). These results were in accordance
with findings in the interviews. Few respondents reported positive effects. Half of those who drove or were
passengers in a car last time they went to work indicated that their commute took longer, on average nine
minutes. Of those who used public transport the last time they went to work, fewer (13%) experienced
changes in commuting time. When asked the same question in 2017 and 2018, after the tunnel had
regained full capacity, most respondents had experienced positive changes in their commutes. Most the
respondents reported reduced congestion and travel time, as well as improved punctuality.

The truck driver surveys showed that the most common negative effects of the capacity reduction were
increased congestion (19%), more time used on the route (16%), and more detours (14%). In the
interviews, the truck drivers explained that the traffic situation had become more unpredictable. The
drivers were asked about additional time spent on the route, caused by the rehabilitation work. On
average, the drivers reported a delay of 10-20 minutes during rush hour. Transport planners (working in
freight companies) confirmed that time spent on a route had increased and predictability decreased, as
did analyses of traffic data. Some drivers and transport planners expressed that the effects were less
severe than expected; they saw other issues as more problematic than the congestion related to the Bryn
tunnel.

Consequences of the capacity reduction for commuters

When investigating consequences for commuters, researchers focused on changes in their satisfaction
with their commutes, and whether they had felt the need to reorganise tasks or routines within the
household. In the annual surveys of employees in businesses in the Bryn area, all respondents were asked
how satisfied they were with their work trips (before the questions about the Bryn tunnel were
introduced). Results showed that the respondents overall were quite satisfied, with the proportions of
respondents who answered “satisfied” or “very satisfied” varying from 72% (2016) to 78% (2017). The
share that responded “very satisfied” increased steadily over the years, from 26% in 2015 to 37% in 2018.
The proportions who answered “dissatisfied” or “very dissatisfied” remained low, varying from 7% (2017)
to 13% (2015 and 2016).

We also asked if respondents felt that their commute had become better or worse compared to the
situation one year ago, see results in Figure 9. The share that responded “somewhat worse” or “much
worse” were higher in 2016 (24% in total) than in other years (varying from 8-17%). Interestingly, the
proportion that responded “somewhat better” and “much better” was also higher in 2016 (22% in total)
than in the other years (varying from 17-21%). This is likely related to the reopening of a relevant metro
line that had been closed for rehabilitation, and had come back in operation in April 2016. The change to
this metro line is one of the cases in the BYTRANS project, but not included in this paper.
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Figure 9. “Do you find your commute to be better or worse compared to the situation one year ago?”
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Source: Facsimile from Tenngy et al 2019c.

Of the respondents, 12% employed in businesses in the Bryn area report that the capacity reduction and/or
their adaptation to the situation had led to changes in responsibilities, routines or other changes in the
household. While, 5% answered that it had resulted in changes in responsibility/routines to bringing
children to and from kindergarten, school, etc.

Consequences for truck drivers and taxi drivers

The surveys asked all truck drivers whether they had experienced a worsening or an improvement in the
traffic situation in the Oslo area compared with the same time last year. The share of drivers who
experienced a worsening of the traffic situation peaked in 2016, with 67% experiencing a worsening of the
situation, due to the works in the Bryn tunnel. The 2016 and 2017 surveys asked truck drivers who drove
through the Bryn tunnel once a week or more if they had experienced a change in their workday due to
the rehabilitation work in the tunnel. During the rehabilitation work (2016), most (27 out of 32 drivers)
found that this had contributed to a worsening of their workday. After the rehabilitation work finished
(2 017), most felt that this had contributed to an improvement (27 out of 39 drivers).

Drivers who responded that they experienced a change in their workday received follow-up questions
about what changes they experienced, and they could select multiple alternatives. Only one driver
reported experiencing no negative changes in 2016, and almost all (21 out of 27) reported experiencing
no positive changes. The most commonly reported negative consequences were more stress and
frustration (15%) and less predictable workdays (10%). Whereas, the respondents were less concerned by
the more inconvenient work hours, the use of more vehicles, and the increase in problems complying with
mandatory rest periods. In interviews, longer workdays were also an issue. The drivers explained that this
was mainly due to the more unpredictable traffic situation and the need to depart earlier. Some also said
that the congested traffic led to more risk-taking behaviour among private drivers, causing traffic safety
issues. Most of the freight company transport planners reported that that reduced flexibility and efficiency
resulted in increased costs and reduced profits. None reported, however, acquiring more vehicles or truck
drivers because of the change in the traffic situation, despite drivers spending more time on deliveries and
routes. Several claimed that the situation for delivery zones in the city centre was a bigger problem than
delays on the main roads, including the worsened situation caused by the rehabilitation works in the Bryn
tunnel. In 2017, after the tunnel had regained full capacity, the picture changed. Only two of 28 drivers did
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not report any positive changes, and 24 out of 28 drivers did not report any negative changes. The most
common positive change was related to less time spent on the route (33%), followed by less congestion
(21%), and less detours, easier compliance with timeframes, and less stress and frustration (all 13%).

The capacity reduction in the Bryn tunnel reduced driving speeds and increased tour lengths for taxi traffic
only marginally. Drivers did not report that they had made significant changes to adapt to the situation in
interviews. The largest taxi centre had not made any adjustments.

Consequences for the transport system and the environment

Concerning the overall consequences for the transport systems, and based on what has been discussed
above, it seems that the effects of the capacity reduction were mainly limited to the Bryn tunnel, adjacent
links, and a main road crossing Ring 3. Here, delays increased significantly. When summing extra delays on
the 3.3 km road link that the Bryn tunnel is a part of, extra delays were up to 5.1 minutes. When also
including two adjacent links, extra time used on this 13 km stretch were up to 12 minutes (average, over
two-week periods, probably meaning longer delays on some days). Roadworks on local roads in the area
around Bryn, together with a small increase in traffic volumes on these roads, did (according to interviews
and open answers in the survey) result in increased congestion on these roads and disadvantages for
pedestrians and cyclists. Those cycling express that they were “forced” onto the pavement, which is a
disadvantage for both pedestrians and cyclists. We aimed at measuring effects and consequences for
public transport and cycling systems, but due to low data quality, we were unable to do so.

The NPRA measured changes in local pollution in relevant areas before and during the capacity reduction.
The analyses concluded that pollution was lower in the period with capacity reduction as compared to the
normal situation, probably due to lower traffic volumes and speeds (Tenngy et al., 2019c). Meteorology
might have influenced on the results.

Figure 10. Traffic volumes per day, at different traffic registration points, summing both directions

100000

89616 89011
87493 8811 88199
90000 gosed o s 83572 }/\ )\22.888
/)/\\/‘ gao08 8297 82532 =
0827

81907,

8092 s & Za a0 °
80000 78278 81590 o 7] 68
81089 1408
74157

el

70000

60000 63046 62915 62917 ©3762

59504

50000

Numberof vehicles

40000 37649
33460

30600 31840 31898 32450 4 28896 3723109 28018
29074

30000 27222 26713 27104

32399 31678

22338

22291

21338

958 240
20000 24949 23958

20953 25201 21837
20240 19949 19283 19806 20703

21996
10000
10894
0 Reduced capacity

5,6 9,10 19,21 38,39 5,6 9,10 19,21 38,39 5,6 9,10 19,21 38,39 5,6 9,10 19,22 38,39 5,6 9,10 17,22 38,39

2014 2015 2016 2017 2018
Weeks/Year
—e— 300001 E6 Manglerud - both directions (00-24) —e—300029 E18 Bjgrvika Tunnel - both directions (00-24)
300030 E6 Helsfyr - both directions (00-24) =—e—300039 E6 Skullerud - both directions (00-24)

o= 300098 E6 Svartdal Tunnel - both directions (00-24) =-e==300141 E18 Kongshavn - both directions (00-24)
—e— 66931 Ring 2 Marienlyst - both directions (00-24) —a—|ocal roads | - both directions (00-24)

=e— Local roads Il - both directions (00-24)

Source: Facsimile from Tenngy et al. (2019¢).

© OECD/ITF 2020 23



REALLOCATION OF ROAD AND STREET SPACE IN OSLO | DISCUSSION PAPER | ITF ROUNDTABLE 181

As previous research has found that capacity reductions might result in “disappearing traffic” (Cairns et al.
2001), the researchers analysed if that was also the case here. The researchers summarised traffic volumes
from different traffic registration points, on routes understood as alternatives to each other. Getting this
right is not an easy task. Some might question if a certain amount of traffic is counted twice or missing.
Traffic volume in the selected registration points in weeks five and six in 2016 (before capacity reduction)
was compared with traffic volumes the same weeks in 2017 (during capacity reduction), see Figure 10. The
results showed that total traffic in these registration points went down by 2 800 vehicles (4.2%) in the two
morning rush hours (7:00 — 9:00), by 1 900 vehicles (2.9%) in afternoon rush hours (15.00 — 17.00), and
12 300 vehicles (2.2%) per day. If these results are correct, it probably also means that the capacity
reduction resulted in reduced GHG emissions.

Oslo city centre: Reallocation of streets space to other uses

The City Council Declaration from 2015 set goals for Oslo that pedestrians, cyclists and public transport
users would be given priority over private car transport and that the development of a car-free city centre
would be a means of achieving a more vibrant, enjoyable city centre. This has been followed by the
implementation of a number of specific measures in the city centre between 2017 and 2019. On-street
parking spaces (approx. 760 spaces) have been removed and a new driving pattern have been introduced
to prevent through-traffic. These measures reduced accessibility by car both within, and to, the city centre.
Areas freed from car use have been reallocated to other purposes, such as pavement extensions, new
pedestrianised streets, more benches, bicycle lanes, bicycle parking, parking for the disabled and for
deliveries. These measures improve accessibility for walking and cycling. As streets are upgraded to ensure
better conditions for public transport, bicycling and walking, the construction works reduce accessibility
to, and use of, city centre streets and plazas. Additional measures are in the planning stage, and a new
zoning plan for the streets and plazas in the city centre sets guidelines for further development.

Researchers examined how commuters to workplaces located in the city centre and city centre users
adapted to the changes in accessibility, and which effects and consequences these groups, as well as
freight and distribution drivers, have experienced. Key methods were surveys and interviews; see the
section on methodology in the BYTRANS-project above. Two sets of survey-data were analysed. When
presenting findings concerning commuters to the city centre, we refer to answers from respondents
working for businesses located in the city centre. When discussing city-centre users, we refer to answers
from all respondents in the surveys.

Key findings are that measures implemented in the city centre have had the intended effects, although
only small changes were found. There were no significant changes in travel behaviour among commuters
and city centre users. The reported experiences of walking and cycling in the city centre improved from
2017 to 2019. There was a decrease in positive anticipation of how the changes will affect the use of the
city centre, maybe due to high expectations for the announced changes and that these have not yet been
fulfilled. Truck drivers feel the changes have worsened their situation, despite the fact that more parking
spaces are now reserved for deliveries.

Commuters’ experiences

As accessibility by car to the city centre reduced, and accessibility by other means of travel improved, one
could expect shifts in travel behaviour towards less car use and more use of other modes of transport on
commutes. There were, however, no significant changes in travel behaviour on work trips. Car shares were
already low (4% in 2017), and they actually increased (to 7%) in 2019 (see Figure 11).
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Figure 11. Modal shares on work trips to the city centre in 2017, 2018 and 2019.
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Source: Facsimile from Hagen et al. (forthcoming).

Commuters working in businesses located in the city centre are in general satisfied with their commutes,
and 75% answered that they were satisfied or very satisfied both in 2017 and in 2019. Those walking and
biking are the most satisfied. More detailed analyses revealed that those biking and those driving to work
became more satisfied with their work trip when comparing answers from 2017 and 2019. Among cyclists,
the share answering “satisfied” or “very satisfied” increased from 83% in 2017 to 89% in 2019. Among car
drivers, the figures were 65% in 2017 and 76% in 2019. The latter might be surprising, as most on-street
parking spaces in the city centre has been removed, and restrictions on parking in the inner city have been
introduced. One explanation might be that those driving to work park in garages, and not on-street. It also
seems that some employers took actions to ensure parking for their employees. Survey results showed a
significant increase in the proportion of commuters to the city centre who replied that it usually is easy to
find parking at, or near, their workplace from 2017 (22%) to 2019 (40%). The proportion of commuters
who answered they had the opportunity to park for free at parking spaces offered by their employers
increased from 19% in 2017 to 36% in 2019. This could also explain the increase in car-usage on commutes
to the city centre.

City centre users’ experiences

When asking how respondents travelled the last time they visited the city centre, except trips related to
work, researchers found no significant changes with respect to transport mode from 2017 to 2019. Most
respondents (66-69%) answered that they travelled by public transport, and fewer travelled by car
(reduced from 9% in 2017 to 7% in 2019), by foot (11% all years) and by bicycle (varying from 7% in 2017
to 11% in 2018). Respondents find it easy to travel to the city centre. The proportion who answered that
this is “very easy” or “easy” is stable at around 94%, and very few (2-3%) answer that it is “difficult” or
“very difficult”. However, more people answer that it is “very easy” to get to the city centre in 2019 (61%)
compared to the previous years (55% and 56%). This may indicate that accessibility to the city centre is
perceived as somewhat improved. Respondents also visit Oslo city centre often, see Figure 12. More than
40% say they visit the city centre once a week or more, and more than 80% that they visit once a month
or more. There are only small variations when comparing answers from 2017, 2018 and 2019. When
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comparing the answers to how often they visit in the city centre and how they travelled the last time they
visited, we found that those who walked and biked visited the centre most often.

Figure 12. Frequency at which survey respondents visited the city centre for non-work-related reasons”.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

M Several times a week W About once a week 1-3 times a month W About once a month

H A few times a year Never or very seldom H Don’t know/not relevant
Source: Facsimile from Hagen et al. (forthcoming).

When asked how much they enjoy being in the city centre at this time of the year (May and June), more
than 80% answer “very much” or “much”. The proportion of respondents answering this is quite stable,
but the proportion answering “very much” increased from 27% in 2017 to 29% in 2019. When asked what
they appreciate the most in the city centre, the offer of restaurants and pubs, and of culture and
entertainment, are ranked the highest (59% and 47% in 2019), followed by “urban atmosphere and street
life” (45%) and “access to the fjord” (42%). “Plazas and parks” are ranked number five (32%), “shops and
retail” number six (31%) and “pedestrianised zones and car-free areas” number seven (29% in 2019, up
from 23% in 2017). City centre users listed “street vendors, begging and drug addicts” and “too much car
traffic, parked cars, buses, goods delivery etc.”” most often among things they do not appreciate in the city
centre (open answers, not pre-defined). Other factors that respondents specified as not appreciating
include construction work and conflicts with other road users. In 2019, some respondents also mentioned
electric scooters (these were first introduced in the spring of 2019). We asked how much money
respondents had spent the last time they visited the city centre. Results showed an increase from 2017 to
2019. Those driving spent more money per visit, while those walking and bicycling visited more often.

Changing experiences of travelling in the city centre

Street space has been reallocated from parking and driving to other uses, and the survey results revealed
that respondents appreciated this change. The proportion fully agreeing or agreeing that there is too much
traffic in the city centre decreased from 57% in 2017 to 47% in 2019. For the statement “parked cars take
up too much space”, the figures were 50% in 2017 and 29% in 2019. More than 80% agreed or totally
agreed with the statement “l enjoy walking in the city centre” in all years. We found a positive development
from 2017 to 2019 when it comes to how the city centre is designed for pedestrians. In 2017, 65% agreed
or fully agreed to the statement “here is sufficient space for pedestrians on sidewalks and in pedestrian
streets”, while 70% said the same in 2019. In 2017, 58% agreed or fully agreed that “the pedestrian areas
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are good for walking”, while 64% said the same in 2019. While 38% in 2017 agreed or fully agreed to the
statement “I feel that pedestrians have the highest priority in the city centre”, 47% did so in 2019.

There were also statements concerning biking in the city centre. These statements showed small positive
tendencies that indicate improved conditions for cycling. In contrast to walking, few respondents agree
that biking in and through the city centre is sufficiently facilitated. For instance, only 11% agreed or fully
agreed in 2017 that “there are good and continuous bicycling routes through the city centre”, while 15%
said so in 2019.

City centre users who travelled by car the last time they visited the city centre were asked about parking.
As expected, we found an increased proportion of car users parking in parking garages and a decreasing
proportion parking on the streets. The reported time spent finding a place to park increased from
approximately five minutes in 2017 to seven minutes in 2018 and 2019. Still, the majority of respondents
in 2019, 63%, only spent between zero and five minutes finding parking (74% in 2017). We conclude that
it has become somewhat more difficult for city centre users to find parking. City centre users were also
asked how they experience driving in the city centre. Unsurprisingly, respondents stated that it has become
more difficult to drive in the centre in 2019 than before the changes in driving pattern were introduced.
In 2018, 32% agreed or fully agreed that “it is easy to drive a car in the city centre”, while in 2019, 22%
said the same.

These results indicate that the experience of walking and bicycling in the centre has improved, while the
experience of driving in the city centre has worsened. Even though significant shifts from cars to other
modes are evident, both to and within the city centre, , these changes in perceptions of travelling in the
city centre might also in the longer run affect travel behaviour.

Consequences for the city centre

It seems that respondents had high expectations concerning the changes in the city centre that has not
been fully met. When the last survey was made, construction works were still going on all over the city,
both due to the aforementioned, and other, changes. Respondents do believe the changes will result in
more urban life and more people using the city centre, but the expectations have been reduced over the
three years of surveys. We found that the proportion who believe that “more people will use Oslo city
centre. There will be more activities and people, and more action and vibrancy” was gradually reduced,
from 43% in 2017 to 37% per cent in 2019, while the proportion agreeing that “fewer people will use Oslo
city centre. There will be less activities and people, and less action and vibrancy” was stable (17% in 2017
and 18% in 2019), see Figure 13.

In 2017, 22% of the respondents believed that they would use the city centre more often, due to the
announced changes, while 12% said they would use the centre less often. In 2019, 16% said they would
visit more often and 16% less often. When asked, in 2019, how the changes in the city centre had affected
their use of the centre so far, more than twice as many (18%) responded that they use the centre less
often than before than those who said they use the centre more often (7%). These results are not in
accordance with findings described above, that there has been no significant change in how often
respondents visit the city centre.
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Figure 13. Respondents’ expectations for the future of the city centre

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
W Do not know

H Less people will use the city center. There will be less people, fewer activities and less things happening.
M It will not change - neither in a positive nor a negative direction.

B More people will use the city center. There will be more activities, more people and more things happening.

Source: Facsimile from Hagen et al. (forthcoming).

The situation for freight and distribution transport

The majority of truck drivers operating in the city centre are dissatisfied with the situation for freight and
distribution in central Oslo in all years surveyed, although there was a weak tendency for drivers to be
somewhat more satisfied in 2019 than before. Drivers experience challenges associated with too few
loading and unloading areas and accessibility problems due to driving bans and one-way driving as the
greatest challenges in the city centre.

Figure 14. “Is it easier or more difficult to find available space for loading and unloading after on-street
parking spaces in Oslo city have been removed?”

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Much easier than before B Somewhat easier than before B More or less as before
B More difficult than before B Much more difficult than before ® Don’t know

Source: Facsimile from Hagen et al. (forthcoming).

The majority of drivers find that the goods delivery situation has worsened due to the changes in Oslo city
centre. More drivers said that removing on-street parking in the centre had made it more difficult to find
parking for loading and unloading in 2018 and 2019, see Figure 14.

This is despite the fact that several loading/unloading sites and approximately 125 parking spaces for
commercial vehicles have been added or are under construction. Truck drivers also said that the changes

28 © OECD/ITF 2020



REALLOCATION OF ROAD AND STREET SPACE IN OSLO | DISCUSSION PAPER | ITF ROUNDTABLE 181

in driving patterns mean increased time used on deliveries and longer driving distances. Among the
proposals to authorities, drivers most frequently mentioned additional reserved spaces for deliveries.

Responses to other changes and to the totality of changes

A number of changes have taken place in the transport systems in Oslo in the period from 2015 to 2020
that have resulted in shifts in travel behaviour towards less car use. Continuous improvement of the public
transport services in particular have led to increased vhkm travelled for public transport (Figure 2). In 2016,
a new metro station opened, allowing for new and better connections and a large-scale reorganisation of
the system. In 2015, a southern metro line closed down for rehabilitation and upgrading, and it reopened
in the spring 2016. The city has introduced parking fees for on-street parking for the inner city, with higher
fees city for visitors and lower fees for inhabitants. At the same time, many on-street parking spaces in the
inner city have been removed to give room for bike lanes, allowing for defining nine prioritised and
continuous bike routes through the inner city to the city centre, see illustrations in Figure 15. There has
been rehabilitation works in seven other tunnels than those discussed above, causing temporary delays
for road traffic. Road-tolls were significantly increased in 2017, and in 2019 an “inner toll ring” was
introduced (after our survey was closed), to also toll those driving in the city, and the pricing system was
changed.

Figure 15. Map showing prioritised bicycle routes in Oslo Inner City, and photo illustrating the intervention
where parking spaces have been reallocated to bicycle lanes.

Sources: Map from Municipality of Oslo, photo by Aud Tenngy.

The 2019 survey asked all respondents whether they experienced that any of the many changes in the
transport systems had affected their commute, in either a positive or a negative way. Figure 16 charts their
responses.

Results show that respondents in general find that most of the changes in the transport system either have
not affected their commute, are not relevant for them or that they do not know. Still, many respondents
have suggested improvements when offered the opportunity through open questions. The most negatively
perceived changes for respondents’ commutes are increased road-toll prices and reduced accessibility to
the city centre by car (and this latter finding make us suspect that some respondents expressed what they
think about these changes rather than if they actually affected their commutes). It is interesting to note
that improved conditions for bicycling are appreciated by 17% of the respondents, while only 5% see this
as a negative change. About as many have experienced changes in the public transport system as
contributing positively to their commute (11%) as negatively (12%).
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Figure 16. “Have any of the changes listed below affected your commute?” N=5421 (2019)
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Source: Facsimile from Tenngy et al. (forthcoming).

When analysing surveys across all five years, from 2015 to 2019, there are significant shifts in travel
behaviour, see Figure 17. The proportion answering that they drove a car last time they travelled to work
reduced from 21% in 2015 to 16% in 2019, which is almost a 25% reduction. These surveys had a high
number of respondents, varying from n =4 270 in 2015 ton =6 768 in 2016.

Figure 17. Modal shares among respondents, 2015 —2019.
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Source: Facsimile from Tenngy et al. (forthcoming).

It is also an interesting finding that the respondents’ satisfaction with their commute is quite stable, and
slightly improved, through this five-year period, despite many changes in the transport system (see
Figure 18). The proportion answering that they are satisfied or very satisfied with their commute (at this
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time of the year) varies from 72% in 2015 to 75% in 2017 and 2019. The proportion answering that they
are dissatisfied or very dissatisfied varies from 11% (2017 and 2019) to 13% (2015 and 2016).

Figure 18. Satisfaction with commutes among respondents, 2015 — 2019.
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Source: Facsimile from Tenngy et al. (forthcoming).

Figure 19. Satisfaction with commute, dependent of mode of transport, in 2019.
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Source: Facsimile from Tenngy et al. (forthcoming).

When asked whether their commute has become better or worse compared to what it was one year ago,
most respondents answer “unchanged” all years. The proportion answering worse or much worse varies
from 16% (2018 and 2019) to 19% (2016). The proportion answering better or much better varies from
13% (2019) to 18% (2016 and 2017).

The analysis included who was most satisfied with their commute in 2019(Figure 19). Those walking are
clearly most satisfied with their commute, followed by those using public transport and car drivers. Car-
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drivers and public transport users report being dissatisfied more often, but also among them only 13%
report being dissatisfied.

The path forward

The BYTRANS project is ongoing. Researchers are still discussing the results and how they can be relevant
in planning, decision-making and research. Below, findings are summarised and discussed with respect to
how they can contribute to changes in urban planning and development. This is followed by a reflection
around the prospects for Norwegian cities of achieving the zero-growth objective.

The implications

Common for all three cases presented here (capacity reduction in the Smestad and Bryn tunnel, changed
accessibility to, and in, Oslo city centre), is that the effects and consequences of the changes in the
transport system were less severe than expected. This is in accordance with theory and with previous
empirical findings from studies of similar cases (Cairns et al. 1998, 2001; Goodwin 1996).

The Smestad tunnel turned out to have enough capacity for AADT 50 000 also with only two lanes, and the
capacity reduction had only negligible effects. The most interesting thing about the case, is that this came
as a surprise, as road authorities had expected that the capacity reduction would strongly increase
congestion and delays. When the results were released to the public, many (mainly professionals) were
reluctant to believe that the results could be correct. This led to interesting and relevant discussions. The
issues discussed include: 1)actual versus theoretical maximum capacity of roads; 2) how road design and
speed affect road capacity; 3) how and to what extent existing road capacity can be reallocated to, for
instance, public transport or other uses; and 4) whether ‘replacement capacity’ is necessary if one decides
to reallocate road space for other uses.

In the Bryn case, increased congestion and delays did occur, but effects and consequences were less severe
than expected. The effects were limited to the tunnel and the road system in close proximity to the tunnel.
Variability in the system increased, and this was a problem for road-users. Still, on average days, the extra
delays were tolerable. Some road users adapted in various ways, while others travelled as before. The
conclusion was that this went quite well, as the capacity reduction did not cause chaos, crisis or intolerable
situations. This conclusion also caused debates. The question of defining tolerable congestions and delays
was raised. In this debate, findings from analyses of how commuters have responded to the totality of
changes in the Oslo transport system in the period 2015-2019 are interesting. The changes led to reduced
car commuting and people are at least as satisfied with their commute in 2019 as they were in 2015.
Overall, car commuters are satisfied. This raises questions concerning whether authorities, other
professionals and policy-makers have over-rated the negative effects and consequences of congestion. If
so, that could also be part of the explanation for negative responses to congestion charges lately, even
though they have proven to reduce congestion.

Concerning access to, and inside Oslo city centre, this has not so far has affected how people travel to, and
use, the city centre. Commuters travel as they used to, and are equally satisfied with their commutes. City
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centre users continue to use other modes than car when visiting the city centre, they find it easy to travel
to the city centre. Those walking and biking have become more satisfied, while those driving have become
less satisfied. So far, changes have not caused people to use the city centre more than before, but more
people believe that the changes taking place will make people use the city centre (even) more. Freight and
distribution truck drivers were dissatisfied in the before-situation, and say that the conditions for deliveries
in the centre has worsened, despite the fact that facilitating for them has been a prioritised issue. Oslo city
centre is still in the transformation phase, and we do not yet how the changes will affect the use of the
city centre in the long run.

How, then, can this knowledge be useful for cities aiming at zero-growth or reduction in traffic volumes,
while at the same time developing more attractive and liveable cities and urban regions, with vibrant and
accessible city centres, and with efficient, safe and convenient mobility systems, where more of the
transport is done by active modes, and where local and global pollution generated by transport is reduced?

In such discussions, it is problematic if those who are solving the problem have a too narrow and restricted
understanding of what alternative solutions are possible and relevant. If one, for instance, sees removal of
on-street parking as “not possible”, it will also be “not possible” to develop a continuous bicycle network
through the inner city. If one sees reallocation of main road car lanes to public transport lanes as “not
possible”, it might also be “not possible” to improve public transport speed and competitiveness, and make
urban transport systems more efficient. Likewise, if one believes the city centre will become less vibrant if
street space is reallocated from parking and driving to walking, bicycling, public transport and urban life,
this is not a feasible alternative. We believe that the BYTRANS findings, and results from other similar cases,
might help expanding the understanding of what are possible and relevant interventions. This might
accelerate the implementation of measures that contribute to achieving prioritised goals, including the
zero-growth objective.

Further, in discussions concerning implementation of interventions making mobility more sustainable, and
where the suggested measures cause reduced car accessibility, it is often claimed that “replacement
capacity” (could also be parking) needs to be in place first. Results from the BYTRANS project strongly
question whether “replacement capacity” is necessary. Existing road capacity might be higher than
expected, and there might be ways of increasing capacity by, for instance, reducing speed. The research
results do also illustrate that people adapt to changes in the transport systems in different ways. This might
strengthen an understanding around why expanding road capacity in congested urban transport systems
contributes negatively to achieving sustainability goals, and hopefully it will contribute to stopping future
urban road capacity expansions.

When analysing adaptations, effects and consequences for different users of the transport systems, the
researchers are analysing which groups are more affected than others, and in what ways. So far,
distribution truck drivers stand out as a group needing more attention. The researchers are in the process
of analysing BYTRANS data with respect to such issues. They will produce knowledge that can be useful
when making cities and transport systems more just and inclusive. This could also be a necessity, to avoid
severe protests that could hamper development contributing to goal achievement.

Towards zero-growth in passenger traffic?
In 2015, the red-green political coalition in Oslo were loud and clear during the election campaigns that
they would change the city in a more people-friendly and less car-friendly way. They were elected, and in

the four years that have passed, they have initiated and implemented many of the changes they promised.
The debates have often been loud. However, it seems that a majority of those living in Oslo have
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appreciated the changes, as the red-green City Government was re-elected in September 2019. We see
similar tendencies also in other Norwegian cities. It seems that objectives concerning more attractive and
liveable cities and zero-growth in traffic volumes have climbed up the urban planning agenda across
Norwegian cities and counties (Tenngy and @ksenholt, 2018).

The strongest hindrance for achieving the zero-growth objective might be state-level actions. The national
road authorities plan road capacity expansions in several Norwegian cities, including in the Oslo region
(NPRA 2013, 2016) that will likely counteract the zero-growth objective. State activities, like hospitals, state
offices, and police stations are being located in car-dependent areas causing traffic growth, which is not in
accordance with national planning guidelines (Tenngy et al., 2017). It has also been documented that the
current national government overrules regional authorities when they bring forward formal objections
concerning municipal master plans and other plans that are not in accordance with the planning guidelines.
This results in more transport demand and car-dependent land use development (Tenngy and @ksenholt,
2018).

Other hindrances for achieving the zero-growth objective could be protests from suburban municipalities
experiencing strong restrictions on their land use development, and protests against increased toll roads
from commuters to the main cities who live in these areas. During the 2019 election campaigns, these
protests almost caused a change of government. Following this, and as part of making the next National
Transport Plan, it is discussed whether the zero-growth objective is to be replaced by other objectives, for
instance, concerning GHG emissions (only). It will be interesting to follow the development in Norwegian
cites and urban regions the coming years.
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Notes

1 Concerning land use development, national authorities prepare laws, white papers, regulations, policy guidelines, and other documents, to
influence planning at lower levels. If formal objections are raised to a planning proposal, the Ministry of Local Government and Modernisation
determines whether the plan can be adopted. Regional authorities develop and approve non-binding regional land use plans that “... form the
basis for the activities of regional bodies and for municipal and central government planning and activities in the region” (PBA, chapter 8).
Responsibilities for land-use planning and decision-making clearly lie at the municipal level, making and approving binding master plans for the
municipality, and assessing and approving zoning plans. Land use development also concerns localisation of state, regional and municipal activities.
According to national planning guidelines (Ministry of Local Government and Modernisation 2015), they are to be localised in ways reducing
transport demand and facilitating use of other modes that the private car, for employees and for visitors. National authorities are responsible for
planning, financing and implementing large transport infrastructure projects, for maintenance of railways and the most important national roads,
and for railway services. Regional authorities are responsible for most national and regional roads and for local and regional public transport.
Municipal authorities are responsible for local transport infrastructure, including regulation of parking access and fees.
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