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Abstract

Purpose: In recent decades there has been increasing focus on the development of compact and accessible urban
environments, in part based on the reasoning that this can help to reduce the transportation requirements of city
residents. Travel intensive land uses such as office workplaces are often offered incentives from policy makers to
relocate to central locations well served by public transport (transit oriented development). To date, the academic
literature on integrated transport and land use planning has largely been focused on the reduction of private car
usage and promotion of public transport. This paper adds a complementary dimension, testing the hypothesis that
intra-city workplace relocation towards city centres promotes walking and bicycling.

Methods: This paper uses a comparative case study method. Employee travel surveys were conducted before and
after the 2015 relocation of an office workplace in Trondheim, Norway from urban periphery to city centre. Three
similar office relocation cases in Trondheim and Oslo (post-2000) are used for comparison to the case study.
Changes in travel distance, time, costs, optimal route and potential for walking and bicycling in the case
study are considered alongside actual changes in transport mode.,

Results: Walking and bicycling levels have a clear inverse relationship with distance to the city centre, due in
large part to reduced commuting distances and increased parking costs following relocation. For the case
study, the modal share of walking and cycling increased by a factor of 2.5 and 2.8 respectively. Relocation
similarly led to a tripling in the number of case study employees who have a commute distance of less than
6 km, the employees’ median acceptable cycling distance. Active commuting levels from the former and
current workplace locations match closely with the share of active commuting in the Norwegian National
Travel Survey data for the corresponding neighbourhoods.

Conclusion: Although the function of workplaces and their employees can vary significantly within a city neighbourhood,
travel behaviour is to a large extent determined by supply variables like time and cost. Central workplace locations with
good public transport accessibility are shown to create significantly improved opportunities for walking, cycling and public
transport commuting compared to peripheral workplaces with little competition to workplace accessibility by car.
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1 Introduction

The importance of accessibility on the travel patterns of
urban dwellers is well documented through comparisons
of cities, city districts and even suburbs [1]. However,
there is somewhat less research concerning the travel
behaviour changes resulting from the intra-city reloca-
tion of transport-attracting land uses such as workplaces.
Considering that some studies suggest between 6 and
8% of all companies relocate each year [2], there has
been relatively little research concerning the commuting
impacts of such relocations, especially in the direction
towards the city centre. Previous research has been
mostly focussed on the relocation of workplaces in the
opposite direction: to suburban areas in line with a de-
centralisation trend that amongst developed countries
was more evident several decades ago. This paper makes
contributions to the travel behaviour literature on the
relocation of workplaces to city centres, using cases from
Norway.

Although the reasons for relocating a workplace are
many and varied, one typical benefit of relocating closer to
the inner city is an improvement in both active and public
transport accessibility, for both employees and visitors alike.
For employees, a change from car-based commuting to
walking or cycling to work significantly increases the net
amount of physical activity they receive in an average week
[3-5]. Since inner city real estate prices are typically higher
than in the suburbs, the relocation of a workplace from city
outskirts to inner city tends to result in reduced access to
free car parking. Although the theoretical car accessibility
for the labour force may be better or approximately equal
in the inner city, congestion effects and reduced free parking
work as discouragements for car-based commuting. In this
manner, workplace relocation can work as both a carrot
and stick initiative for employees to make a switch from
commuting by car.

This paper employs a comparative case study method
in an attempt to better understand the various phenom-
ena that impact active commuting levels when work-
places relocate towards urban centres. Empirical travel
survey data has been collected before and after the 2015
relocation of a newspaper publishing office, Adresseavi-
sen in Trondheim, Norway. A search of academic and
grey literature for other cases from Norwegian cities was
performed resulting in the addition of three other work-
places that relocated to areas closer to the centres of
Trondheim and Oslo since 2000. Commuter travel
behaviour for the three additional cases is extracted
from existing Norwegian reports. The most recent of
these reports concerns an insurance company Gjensi-
dige in Oslo, which relocated its headquarters in 2013
[6]. The municipal administration staff in Trondheim
were relocated in 2005 from three clusters to a single
cluster in the city centre [7]. In a similar vein, the
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Trondheim-based public office Statens Hus for public
roads administration workers and county employees
in Ser-Trendelag was relocated in 2000 [8, 9]. Each
of the existing reports discusses the changes in em-
ployee transport mode to work before and after the
respective workplace relocation.

2 Background

This study focuses upon relocation towards city cen-
tres as a result of a reversal in land use policies that
catered for the exact opposite: decentralisation or
suburbanisation. Most city regions have grown enor-
mously in land use area since private car ownership
became affordable. Mass private motorisation in the
1950s and 1960s contributed to widespread traffic
congestion and increased pollution in urban areas
across much of North America, Europe and Australia.
Planners at the time observed this mismatch in sup-
ply and demand of public space and began major
road and highway expansions, thus increasing the
urban footprint. In time, this allowed for the intro-
duction of employment decentralisation policies under
the logic that this would reduce both traffic flows
through overloaded city centres and the distance be-
tween employers and their workforces [10].

The vast majority of literature concerning company
relocation has been focused on movement away from
the city centre to the suburbs or more general trends
towards suburbanisation. This applies equally for
studies performed outside of Norway ([10-19];
Geographic Institute of Utrecht University 1990 in
[20]) to those within Norway [21-28]. Common find-
ings across all studies are increased car modal share
— typically a result of reduced public transport acces-
sibility and favourable car parking allowances at the
suburban location [17, 20, 23, 27]. Interestingly, the
increase in car use at the expense of all competing
modes was also witnessed for a suburban relocation
in which the average distance between the employee
residences and place of work decreased [11]. A study
which followed up the commuting behaviour of more
than 7000 employees across 42 London offices post-
relocation showed that car modal split increases
slightly in the 7 years following decentralisation to
the outskirts of London [14]. This finding is echoed
for two Norwegian follow-up surveys in Trondheim
[28] and Oslo [29].

A relatively small proportion of the international litera-
ture is devoted to companies relocating towards the city
centre (City of Copenhagen 1993 in [29]; [2, 30, 31]). These
studies are discussed in more detail in section 5. Amongst
Norwegian studies of company relocation, a somewhat
higher proportion are focussed on moves towards the city
centre [6, 7, 9, 26, 29, 32].
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Three of the Norwegian relocations [6, 7, 9] are chosen
for case-comparison analysis based on their similarity to
the Adresseavisen case study introduced in this paper. Cri-
teria for case selection was that the comparative reloca-
tions occurred in or after the year 2000 and with a
comparable change in distance from suburbs to the city
centre.

Although the majority of cities still have a cluster
of employment functions in the city centre, many
have suburban mixed-use centres that combine resi-
dential and workplace functions. To better understand
the relationship between central and suburban work-
place location, existing research has measured com-
muting behaviour using outcomes such as trip
frequency, trip length, mode choice and Vehicle Kilo-
metres Travelled (VKT) [33]. Commuting distance, or
trip length, has additionally been measured in many
studies of urban form and travel behaviour. Neess [34]
found that central workplaces in Oslo and
Copenhagen had shorter commute distances com-
pared to their suburban counterparts whilst equivalent
locations in Helsinki had longer. However, Norwegian
National Travel Survey (NNTS) data from 2009 com-
paring regions within Oslo showed that employees
working in the city centre have slightly longer com-
mutes than the city average [35]. It should be noted
that commute distance is to a large extent affected by
the specialisation of the workplace, and so the sample
of workplaces is critically important for the outcome
of such analyses.

Since commute distance has a number of weaknesses as
a metric, comparison-based articles have begun to make
use of the composite travel measure Vehicle Kilometres
Travelled (VKT - alternatively called VMT when miles are
used). VKT reflects changes in both spatial variables, such
as average distance, and modal changes like increased non-
motorised transport usage ([10]). The extensive
meta-analysis from Ewing and Cervero [33] concludes that
VKT is most strongly related to destination accessibility
relative to other built environment measures, meaning that
areas with good active and public transport accessibility
such as inner cities produce lower VKT than suburban
mixed-use centres.

A review of Nordic literature regarding workplace
relocation shows increases in public and active trans-
port use for central workplace location relative to
suburban locations across all of the applicable studies
[34]. This said, national travel survey data from nine
Norwegian cities in 1984-1985 shows the rate of
walking and cycling increases in the urban area ex-
cluding the city centre (combined modal share of
24%) relative to the city centre (12%) [36]. This, rea-
son Strand et al, was most likely due to structural
differences in workplaces whereby more peripherally

(2019) 11:14

Page 3 of 20

located businesses recruit their workers locally to a
greater extent than centrally located businesses (as
cited in [37] p. 5).

Whilst there are many other studies comparing the
travel impacts of different workplace locations, they
tend not to control for self-selection influences
(whereby businesses in the same manner as residents
may choose to locate in a particular area independent
of built-environment influences). It is possible to con-
trol for this influence by observing short-term
changes resulting from workplace relocation — in this
case in the less studied direction: towards the city
centre. This paper compares four such relocation
cases in Norway.

2.1 Norwegian planning context

Norway has been early in its adoption of sustainable
development policies, something which is reflected by
the leadership of former Norwegian prime minister, Gro
Harlem Brundtland, in authoring the Our Common
Future report [38]. Densification and compact urban
development policies are now commonly utilised in
metropolitan areas across Norway. Such policies can be
considered a response to the practice of decentralisation
of compact transport intensive workplaces, both between
cities and within cities in Norway up until the early
2000s [23, 24, 28, 29, 37, 39].

Increased focus upon the interactions between land
use, urban form and transportation was the trigger
for a reversal in urban development policy, beginning
formally with the introduction of the first national
guidelines for integrated land use and transport in
1993 [40]. Today, the planning guidelines for inte-
grated housing, land use and transport planning are
referenced in the Norwegian Planning and Building
Act. The Act includes the same key policies from
1993 through the inclusion of a compact city clause:
“The development patterns and transport system
should promote the development of compact cities
and urban areas, reduce transport requirements and
facilitate the use of sustainable transport modes”
([41], sec. 3). It goes further to state: “Effective traffic
management and good accessibility for business-related
transport must be prioritised in the planning process”
[Ibid. sec.4.6].

Oslo and Trondheim are the two cities of interest
in this paper. The nation’s capital city Oslo is by far
Norway’s largest city whilst Trondheim is the fourth
largest urban metropolitan region in Norway (after
Oslo, Bergen and the Stavanger-Sandnes metropolitan
area).

A modernistic urban development plan for Oslo was
adopted in 1950 [42]. Zoning regulations separated city
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functions such as housing and workplaces whilst dis-
persion favoured car use. However, it was not until
the second revision in 1991 that densification was ad-
dressed and 1994 before the local centre hierarchical
structures were re-evaluated to address integrated
transport accessibility requirements [Marianne Knaps-
kog: Accessibility in Norwegian urban planning -
Dutch ABC location policy in Norwegian integrated
land use and transport planning (PhD thesis), forth-
coming]. Today Oslo is growing faster than the other
major cities in Norway, a contributing factor to its
higher rate of densification compared to the three
next-largest cities of Bergen, Stavanger and Trond-
heim [43]. Oslo has additionally increased its levels of
active and public transport users most of the four cit-
ies in the period from 2001 to 2009 [Ibid. p.99].

In Trondheim, the importance of workplace location
first came into focus during the regional transport
plan development in the 1960s [24]. This is unsur-
prising given the removal of car import restrictions to
Norway in 1960. It was during this period that plan-
ners realised that the expected commercial growth
and car use would lead to far more car traffic than it
was possible to manage through the city centre. This
was a key factor contributing to the establishment of
a regional centre at Heimdal, approximately nine kilo-
metres south of the city centre of Trondheim ([24], p.
102). Dutch-inspired ABC planning policies have been
practised in Trondheim since the late 1990s with a
focus on “the right business in the right place” re-
garding its strategy for business growth and work-
place development [28]. With regards to transport,
the municipal master plan for Trondheim introduced
in 2008 a target to increase the modal share of envir-
onmentally friendly transportation from 42% to 50%
for all urban journeys by 2018 ([44], p. 70). The plan
states that a minimum of 60% of new office work-
places should be built along the primary public trans-
portation arc, a goal that was introduced by city
planners in 2008 [ibid., p.62]. The most recent data
from the years 2001 to 2010 indicates that 65% of all
newly built offices have met this spatial criterion
[ibid. p.63].

The return of workplaces from suburban localities to
city centres is in part a result of integrated transport and
land use policies — both at the national and city level.
Depending on the workplace function, there may add-
itionally be many other reasons for relocation, such as
business image, agglomeration benefits, floor space costs
and changes in employee numbers [45, 46]. Whilst indi-
vidual differences will always affect the spatial location
of a workplace, urban planning policy can have
wide-reaching and long-lasting effects on the localisation
of employment within cities.
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3 Methods and introduction to cases

This paper takes inspiration from existing research look-
ing at interactions between land use and transport in the
context of workplace location. By accumulating research
from Norway on central workplace relocations, it is pos-
sible to observe active transport outcomes in relation to
changes in accessibility, business structure and economic
factors like parking. In addition to reviewing the litera-
ture on workplace relocations, this study makes use of a
before and after survey in connection with the central
relocation of the Trondheim-based newspaper Adressea-
visen. The newspaper’s existing and new office locations
are shown in Fig. 1, together with the two other Trond-
heim relocation cases: Trondheim Municipality and
Statens Hus. Fig. 2 meanwhile shows the former and
present locations of the Oslo-based headquarters of in-
surance company Gjensidige that similarly relocated
their premises from the suburbs to the inner city. Public
transport accessibility is displayed in the background of
Figs. 1 and 2, in order to provide contextual information
for these cities. Public transport accessibility is calcu-
lated as the average public transport travel time from
any given origin to a raster grid of all potential destina-
tions within a city.

3.1 The case study: Adresseavisen

Adresseavisen, Norway’s oldest newspaper and Trendelag
County’s largest, relocated its primary office from Heimdal,
10 km south of the centre of Trondheim, to Verftsgata near
Solsiden, one kilometre east of the city centre in June 2015.
In connection with the relocation, an online travel survey
was distributed via e-mail to approximately 300 employees
in June 2015 and June 2016. The 2015 before-survey was
distributed two weeks prior to the office relocation. The
repetition of the survey after one year allowed for the set-
tling of travel routines after the relocation. The same ap-
proach was used in the three other cases. Resampling at
the same time of year ensures seasonal comparability, a
factor which can otherwise have significant impacts on
Norwegian commuter travel behaviour, especially for pe-
destrians and cyclists.

The before and after surveys contained questions
about commuting behaviour on the day of the survey, as
well as most common travel patterns in the summer and
winter months. It additionally asked respondents to
estimate the travel impacts of the office relocation and
to recall their existing behaviour in the before and after
surveys respectively. Respondents were also asked to list
the location of an intersection near to their home, whilst
answering questions concerning demographics, their
willingness to bicycle/walk to work and their ac-
cess to and costs associated with different transport
modes.
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3.2 Norwegian comparison cases

The literature concerning Norwegian workplace reloca-
tions and commuting behaviour was assessed to find
suitable cases for comparison to the Adresseavisen case
study used in this article. Three existing before-after
studies between 2000 and 2016 were found concerning
the travel impacts of relocation toward city centres in
Norway. These three cases from the cities of Trondheim
and Oslo are described below. In addition, nine other
cases were found, mostly using the same before-after

travel survey methodology to assess commuting
changes following workplace relocation. Two of these
were related to relocation towards the city centre of
Oslo but were excluded from the comparative cases
due to their age (pre-2000). Changes in active and
public transport mode for each of the altogether 12
existing Norwegian relocation studies are summarised
in the Appendix.

Statens Hus, a public office in Trondheim co-located
their offices to the city centre from three different clusters,
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two of which were located approximately four kilo-
metres south of the city centre (Sluppen) in 2000 [8].
The approximately 500 public servants were split be-
tween two different organisations: the county of
Sor-Trendelag and the Norwegian Public Roads Ad-
ministration. In addition to employee survey data
from 2000 and 2001, follow-up surveys were per-
formed in 2004 and 2012 to observe long-term effects
of relocation. Free parking that was previously avail-
able to all employees was reduced by half, whilst the
remaining employees had the opportunity to pay for
public parking themselves at an average cost of 65
kroner (7€) per day.

Trondheim Municipality relocated nearly 1000 ad-
ministrative employees from 3 building clusters lo-
cated between one and four kilometres outside of the
Trondheim centre to a single cluster immediately ad-
jacent to the relocated Statens Hus in 2005/2006 [7].
A travel survey was performed in September 2004
and 2006. Prior to relocation, there were sufficient
car parking spaces for half of all employees, mostly
free. This reduced to 35 places, with only a small
fraction reserved for political or administrative
leaders. The remainder were available for 700 kroner/
month (75€) to employees who could demonstrate
need (due to temporary mobility impairment,
pre-school aged children etc.).

A Norwegian insurance firm Gjensidige, relocated its
headquarters with nearly 1000 staff from Sollerud, six kilo-
metres outside of Oslo, to the Oslo city centre in 2013 [6].
After a previous abundance of parking space in the former
location, Gjensidige was only able to offer 1.6 parking
spaces per 1000m? of floor space at the new location in ac-
cordance with the local parking norms. These had to be re-
served in advance (due to their low availability), otherwise
employees who drove were expected to find parking else-
where. The nearest multi-storey car park charged 240 kro-
ner/day (26€). Meanwhile 7% of the employees who
previously drove stated that they had access to free street
parking after the relocation, presumably further from the
city centre.

Gjensidige is an interesting case as its prior relocation
out of the city centre is also well documented. In 1991,
Gjensidige co-located 1200 staff from its eight offices
spread across the Oslo city centre to the single suburban
complex at Sollerud [23]. The peripheral relocation
came towards the end of a period where the relocation
of companies to the urban periphery was a relatively
common occurrence in Norway [24, 28, 29, 37]. Whilst
only located 8 min walk from the Lysaker train station,
the public transport accessibility decreased considerably
compared to the Oslo city centre. Simultaneously, the
number of employees with access to free parking increased
from 6% to 43%. Active transport usage was unaffected by
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the change, however, the use of public transport dropped
by 31% compared to the former situation.

In total, 12 Norwegian intra-city workplace reloca-
tion studies are summarised in the Appendix
(encompassing relocations both in and out of the
inner city).

3.3 Commute distance and travel time estimation for
Adresseavisen

In the absence of revealed preference route choice infor-
mation from the two employee surveys conducted amongst
Adresseavisen employees, this paper calculated shortest
paths as a proxy for the commuting distance and travel
time for different transport modes. Origins are the home
addresses (provided as the nearest street intersection) of
unique employees, whilst the two destinations are the
former and new locations of Adresseavisen. Whilst car and
pedestrian journeys are modelled by optimising Dijkstra’s
shortest path algorithm [47], bicycle trips are routed on a
traffic stress weighted transport network allowing the
prioritisation of routes suitable for cycling (for a given
distance trade-off). Public transport journeys are modelled
in terms of combined access/egress time, waiting time
(defined as half the time between consecutive departures)
and travel time.

Bicycle journeys are routed in a Level of Traffic Stress
(LTS) weighted transport network in order to allocate
increased impedance upon streets poorly suited for cyc-
ling [48, 49]. LTS is loosely based on the Dutch CROW
Design Manual for Bicycle Traffic [50], whereby road
segments are classified in four levels from one to four
(LTS 1 has the lowest traffic stress) according to their
degree of separation from other road users [49]. Separ-
ation is defined in terms of both physical infrastructure,
such as the provision of bicycle paths, approximate
volumes of traffic and in terms of posted speed limit
(affecting the safety and number of overtaking
manoeuvres).

The approach used for converting LTS levels into opti-
mised bicycle routes is adapted from existing research
[48]. Segments in the transport network with high LTS
are least attractive and are therefore allocated a higher
impedance factor — equivalent to the maximum detour
rate bicyclists are willing to take. For this study an im-
pedance factor of 1.20 was used, indicating routes up to
20% longer in distance are considered as potential op-
tions. The detour rate is selected based on a route
choice model that found that cyclists are willing to cycle
up to 19% longer for a commuting journey if they are
able to use a bicycle path [51]. GPS-based research in
Oslo, Norway reveals mean bicycle detour rates of 21%,
median of approximately 12%, whilst 85th percentile de-
tour rates equated to 30% longer trips [52]. The skewed
distribution in such revealed preference data makes it
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difficult to pinpoint a reasonable value for acceptable de-
tour rate, especially since the type of infrastructure is
not considered, thus the modelled willingness to detour
from Broach et al. was used.

For this paper, the impedance factor is multiplied by
the bicycle travel times for the segment (one for each
direction), as opposed to distance used by Cervero et al.
The bicycle travel time takes account of topography, and
thus provides a benefit over distance when estimating bi-
cycle route choice, particularly in hilly environ-
ments common place in Norway. The impedance factors
adopted for each LTS level are as follows: 1 for LTS 1;
1.07 for LTS 2; 1.14 for LTS 3; 1.20 for LTS 4. Thus if a
route with LTS 3 is adjacent to an LTS 2 route, the im-
pedance factor will make the weighted travel time on the
LTS 3 route appear 7% longer than the LTS 2 route
(since 1.14/1.07=1.07). The routing algorithm seeks the
route with shortest weighted travel time, and will
therefore select the LTS 2 route, all else being equal. The
selected route is used for subsequent calculations of
travel distance.

Routing pedestrians and car drivers using the shortest
travel time path is a simplification that ignores variation
in route choices amongst these users. For pedestrians,
however, the simplification is not entirely unrealistic, as
existing research suggests that between two-thirds and
three-quarters of pedestrians choose routes that they be-
lieve to be the quickest [53]. For car drivers, research
suggests that the quickest path is only chosen 40% of the
time, however, in most cases, drivers seek to minimise
their perceived travel time [54].

The literature on public transport route choice ac-
knowledges that travel time and cost are by far the most
important variables explaining choices, whilst other vari-
ables become more important for longer journeys con-
sidering multiple transport modes and comfort [55]. For
this study, public transport routes are assumed to opti-
mise travel time.

The Trondheim transport network with bicycle infra-
structure attributes was created from a merger of Open
Street Map data with the Norwegian National Road
Database which is publically available from the Norwe-
gian Public Roads Administration (NPRA).!

3.4 Analytical tools

Simple statistical methods have been used in this paper
to assess the impact of the various different factors on
the modal choice of employees, run in the statistical
analysis software IBM SPSS Statistics 25. The Geo-
graphic Information Systems (GIS) software Arc-
MAP 10.6 has been used to run various calculations of
commute distance and travel time for the four predom-
inant transport modes as discussed in section 3.3. This
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has also been used to produce background maps of
Trondheim and Oslo showing public transport accessi-
bility (as shown in Figs. 1 and 2).

4 Results

Complete survey responses were received from 112
employees in 2015 and 90 in 2016, giving a response
rate of 37% and 30% respectively. A subset of 42 em-
ployees responded to both surveys, meaning that
there were in total 160 unique employees who
responded. The sample was split evenly with respect
to gender (49% respondents female), and there was a
large spread of ages between 18 and 65 with a
median of 43 years. Information on the sample repre-
sentativeness was not available. The majority of
respondents (70%) had higher education, over 90%
had access to a car they could use on a daily basis
and 75% had access to a bicycle in working
condition.

4.1 Mode share and case comparison

In general the Adresseavisen office relocation resulted in
large increases in the percentage of employees commut-
ing by bicycle (from 10 to 28%) and on foot (from 6 to
15%), however the changes were much less pronounced
for female employees (from 15 to 22% cycling and 7 to
11% walking). The change in use of public transport
meanwhile (from 12 to 32%), was approximately equal
across genders. The changes in modal split suggest that
men are more willing or able to adapt their means of
travel, although the results do not explain why this is the
case. The changes in transport modal share (walking,
cycling, public transport, car/motorcycle) were assessed
for independence using a Chi-square test which revealed
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a significant difference between the two survey years, x>
(3) =36.39, p <.001, phi = 0.44.

Considering the mode choices before and after reloca-
tion, 195 valid responses were received (109 from 2015
and 86 from 2016). A multinomial logistic regression
model was used to determine which factors were signifi-
cant in explaining the mode choice of all employees,
with the explanatory variables that are significant at the
95% confidence level included in Table 1 below. Due to
their low frequencies, walking and cycling were com-
bined into a single mode choice for the final model
estimation.

Tested non-significant variables included gender, age,
education, number of toll ring crossings, working time,
perceptions of bicycle safety, provision of bicycle infra-
structure along the shortest path, self-reported mode
sensitivity to additional trips, response year, number of
public transport changes and travel times with different
modes of transport. Many of these variables are known
to be relevant predictors of mode choice from other
studies but did not appear significant in the current
study due most likely to the small sample size. The
travel time estimates with different modes of trans-
port were omitted due to collinearity with distance.
Collinearity also explains the non-significance of some
other variables, especially the provision of bicycle in-
frastructure along the shortest path. Here there exists
a positive association between the infrastructure
provision and total commute distance (due potentially
to the bicycle facilities commonly found along arte-
rials in Trondheim which are more frequently utilised
on commute journeys).

The sign of the parameter estimate b in Table 1 indi-
cates the direction of the relationship on the dependent
variable mode choice. As an example, a commute

Table 1 Results of the multinomial regression model for active versus motorised transportation modes

Parameter Pedestrian/Bicycle: Public transport® Pedestrian/Bicycle: Car/motorcycle®
b (Standard Error - SE) b (Standard Error - SE)

Intercept 0.067 (0.916) 0.070 (0.877)

Bicycle availability —1.948 (0.731)** —2.39 (0677)%**

Car availability —0.654 (0.657) 2.375 (0.724)**

Child < 10years 0.381 (0.615) 1.189 (0.530)*

Distance < 2 km —2.579 (1.169)* —1.066 (0.636)

Distance > 7.5 km 2.542 (0.652)*** 2.337 (0.580)***

Paid Parking 1435 (0.627)* —1.879 (0.515)***

McFadden R? 0381

-2 (Log likelihood) 90.161

Sample size 195

%Choose public transport over continuing to

bicycle or walk to work

BChoose car/motorcycle over continuing to
bicycle or walk to work

Model ¥? (12) = 148.49, p <.001. *p < .05, **p < .01, ***p < 001
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I PT before: 13%

-
Bicycle before: 11%
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Car/MC before: 70%

Walk predicted: 16%

Car/MC predicted: 10%

B PT recalled: 4%
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Bicycle recalled: 1%

-
I Walk recalled: 4% \\

PT after: 27%

Bicycle after: 31%

Car/MC recalled: 78% Walk after: 15%

Car/MC after: 27%

Fig. 3 Sankey diagrams showing the modal split of employees at
Adresseavisen. Upper panel: mode pre-relocation and predicted
post-relocation mode (n=90). Lower panel: recalled pre-
relocation mode and actual post-relocation mode (n=78) (Note
PT: Public transport, MC: Motorcycle)

distance of more than 7.5 km increases the likelihood of
the selection of either public transport or car/motorcycle
over the reference category of walking and cycling, as in-
dicated by the positive values of b. This can alternatively
be interpreted as a decreased likelihood to walk or cycle
for longer distances. On the other hand, the availability
of a bicycle or the necessity to pay for car parking will
decrease the likelihood of car/motorcycle selection rela-
tive to cycling and walking, as shown by the negative
parameter estimates. The model overall had a pseudo R*
value (McFadden) of 0.381, suggesting a reasonable de-
gree of explanation is provided by the combination of
variables in Table 1.
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In the pre-relocation survey, respondents were
asked about their expected travel mode (which oc-
curred 1 month later), whilst respondents one year
later were asked to recall their most used travel
mode prior to relocation. Since the surveys were con-
ducted in the summer the questions about expected
and recalled modes were also about the summer. The
responses are plotted in a Sankey diagram in Fig. 3
below. The figure illustrates that many more (47% of
before sample) expected to travel by public transport
(PT) than actually did (27% after). Flows are difficult
to compare with high precision since the two survey
samples are cross-sectional, however close to half the
former car drivers expected to be using public trans-
port (32% of the total before sample) compared to
the one quarter that actually swapped to public trans-
port (20% of the total after sample). The actual levels
of walking and cycling are approximately equal to
those predicted.

The before and after impacts for the Adresseavisen
case study are compared with the most recent compari-
son case, the private insurance company Gjensidige,
which relocated only 2 years earlier. This data is pre-
sented in Fig. 4 together with the commuting data for
the corresponding boroughs extracted from the Norwe-
gian National Travel Survey (NNTS) [56]. Both compan-
ies have a relatively high degree of specialisation,
although this is arguably greater for Adresseavisen due
to its dominance amongst newspaper publishers in the
county of Trendelag.

The commuting patterns at both offices before and
after the relocation is very similar to the NNTS com-
muting behaviour in the respective boroughs (bydeler
in Norwegian), although the match is better for the
Adresseavisen case. This indicates that although com-
pany function can vary significantly within a borough
(as it does in the NNTS dataset), the spatial features
of the area such as accessibility with various modes
and parking availability significantly influence the
commuting behaviour. There are however differences
in the levels of walking and cycling between the two
cases and their boroughs. Considering the combin-
ation of bicycling and walking as active transport, the
differences diminish.

The tendencies in Fig. 4 are corroborated by results
from Gjensidige’s earlier relocation out of the city in
1991 which also used borough control groups [23].
The control groups were derived from a 1990 travel
survey related to the impact of toll cordons in Oslo.
Similarities between the control and actual modal
split are clearly evident before relocation (when lo-
cated in the Oslo inner city), however significant dif-
ferences (p<.05) appear for motorised modes
post-relocation (to Lysaker). Combined walking and
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Fig. 4 Commuting transport modal split before and after two central office relocations in Norway: Adresseavisen and Gjensidige. The survey results for
both companies are paired with the commuting modal split of the same boroughs using data from the Norwegian National Travel Survey (NNTS) [56].
Note NNTS data for commuting journeys are restricted to those starting/ending in the same and immediately adjacent boroughs (bydeler’) at each
respective company location

bicycle modal share was however very similar be-
tween the Gjensidige locations and their respective
controls in 1991 (14% active transport modal share
for both of Gjensidige’s locations, and 11% for both
the controls).

In Figs. 5 and 6, walking and cycling modal split for
the case study and three comparison cases is plotted
against distance from city centre. Distance was chosen
in part due to its simplicity and since it remains con-
stant over time, which is not the case for most other
measures of accessibility. The figures show that rates of
walking and bicycling increase more prominently in
Trondheim than Oslo. The NNTS data from 2014 sug-
gests that walking rates in both cities are similar
(Trondheim 28% and Oslo 32%), however, Trondheim
has nearly double the bicycle modal share of Oslo (9%
vs. 5%) [56]. A potential explanation can relate to the
average commute distance to work. Since Oslo is more
than three times larger than Trondheim, the urban area
and potential spread of employees is also higher, making
active travel less likely.

4.2 Travel distance and travel time

An independent samples t-test was performed on
stated commute distances and times provided by
Adresseavisen employees. Stated distance to work was
on average less in the city centre location (M =9.17
km, SE =1.29) than the former location in the south
of Trondheim (M =13.99km, SE=1.27). The differ-
ence, 4.82km, 95% CI [1.25, 8.40] was significant
t(183) =2.661, p=0.008. The stated travel time did
not exhibit any changes significant at the 95% confi-
dence level.

The distance to work was also calculated according to
the LTS weighted shortest path in GIS from the 160
home locations provided by respondents. This distance
was less to the new central location (M = 8.44 km, SE =
0.76), compared to the former suburban location (M =
10.58, SE =0.62), and the difference, 2.14 km, 95% CI
[1.04, 3.23] was significant t(159) = 3.847, p <.001. Inter-
estingly the perceived commuting distance to the subur-
ban workplace location (13.99 km) was substantially
longer than the actual (calculated) distance (10.58 km), a
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Fig. 5 Pedestrian modal share for commuting journeys before and after relocation from suburbs to the inner city
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difference which diminishes when considering the
inner city workplace distances. Calculating commuting
distance for the case study is elaborated upon in Sec-
tion 3.3.

Since the distance and walking times are direct
functions of each other (assumed average walking
speed of 5km per hour), the walking time had the

same significant reduction as walking distance (p
<.001).

The mean LTS adjusted cycling time (see Section 3.3) is
reduced from 43.6 min (SE = 2.5) at the former location to
29.6 min (SE=2.9) in the present central location. The
reduction of 14.0 min, 95% CI [10.0, 18.0] was significant
t(159) = 6.8, p <.001.
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Fig. 6 Bicycle modal share for commuting journeys before and after relocation from suburbs to the inner city
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Fig. 7 Cumulative distribution of commute distance from unique Adresseavisen employee addresses (n = 160) to the former and present
location. Distances are calculated from a GIS operation minimising the Bicycle Level of Traffic Stress (LTS)

A significant reduction [t(159) = 8.5, p <.001] was also
found in public transport travel time from home to work
(in minutes) was observed during the relocation from the
suburbs (M =49.8, SE=3.0) to the city centre
(M =38.3, SE=3.3). The reduction, 11.5min, 95% CI
[8.8, 14.1] includes walking to and from stops, waiting
and in-vehicle time. Interestingly, although public
transport accessibility is greatly improved at the new
location, the number of legs in the fastest possible
public transport journey did not change to a sig-
nificant degree (p =.05).

The mean calculated driving time after relocation (based
on the assumption that cars travel at 90% of posted speed
limits) reduces by 20% from 14 to 11 min, however, the
difference was not significant (p =0.303). If intersection
and congestion delays were also taken into account when
calculating driving time, the difference would likely dimin-
ish since the inner city is more susceptible to delays of this
nature and thus travel time following relocation would
increase.

4.3 The potential for cycling and walking following
relocation

As discussed in Section 2, travel distance is not a
reliable indicator of change between urban

environments on its own. In the Adresseavisen case,
distance is shown to significantly decrease after re-
location back to the city. This allows us to observe
potential for cycling and walking. In Fig. 7, the cu-
mulative distribution curves of commute distance
are shown for the former and present workplace lo-
cations of Adresseavisen. Distances are calculated as
described in Section 3.3.

The median maximum distance survey partici-
pants were willing to cycle was 6.0 km (n=126) and
a median walking distance of 1.5km applies for
NNTS respondents in Trondheim who walk to work
(in lieu of maximum threshold information from
the sample). These two tolerance estimates for
walking and cycling distance are depicted as two
vertical lines in Fig. 7 above. The number of people
who are within ‘cycling threshold’ from the new
workplace thus increases from 18% to 54%. Simi-
larly the number of people within the ‘walking
threshold’ triples from 4 to 12% following the re-
location. This difference integral between the two
cumulative curves also allows one to understand the
walking and cycling potential of the new location
(assuming that employees’ home locations do not
change in the short term). In reality, there is no
fixed limit on acceptable distance, as this depends
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on individual preferences, but the relocation illus-
trates the impact of shorter distances on walking
and cycling potential.

An alternative method to consider the potential is
to use the ratio of car travel time against cycling,
walking and public transport. To illustrate this, the
average ratio between bicycle travel time and driving
time reduced from 3.5 to 2.4 when relocating from
Heimdal to Solsiden. For public transport (including
stop access/egress, waiting and in-vehicle time) the
result is 3.6 to 3.1. Reduction in these ratios indi-
cates decreasing competitiveness of car travel. The
ratios are influenced by both lower average driving
speeds in inner city areas (more intersections, traffic
calmed streets and lower speed limits) and reduced
travel time by bicycle or public transport. However,
this effect is likely underestimated since the routing
method used to calculate driving times does not take
consideration of delays resulting from intersections
or congestion (which are more frequent/likely to im-
pact the inner city location).

4.4 Vehicle Kilometres travelled (VKT)

The car VKT is calculated by summing the distance
driven by employees. Using the average car VKT per
respondent for both survey periods allows an estima-
tion of the total car VKT for all 300 employees. Driv-
ing distance is modelled as for walking distance using
the shortest travel time path in GIS, meaning that ac-
tual driving distances are likely longer (additional
trips and detours are excluded). For the Adresseavisen
case study, the 300 employees drove in total 5822 km
daily to and from the suburban location in 2015,
compared to 1787km to the inner city location in
2016. This represents a 69% reduction in car VKT,
reflecting the mode shift away from cars discussed in
section 4.1 and the reduction in commute distance
(see section 4.2).

4.5 Additional trip frequency

The total number of additional trips, or trips that are
combined with the journey to or from work, in-
creased following the relocation of Adresseavisen em-
ployees. The total number of additional trips in the
suburban location (M =0.83, SE=0.08) was lower
than the inner city location (M =1.27, SE=0.11). The
difference, - 0.44, 95% CI [-0.71, —0.18] was signifi-
cant t(171) = - 3.275, p =0.001. Respondents were also
asked if they felt additional trips generally affected
their choice of transport mode, however, this did not
change significantly before and after relocation

(p =.05).

(2019) 11:14

Page 13 of 20

4.6 Parking

In the after study for Adresseavisen, respondents were
asked about the availability of different parking types
at the new workplace, whilst they were previously
questioned about their willingness to pay for parking
in anticipation of the move. This showed that 31% of
employees were willing to pay for parking at the new
location. This illustrates the importance of parking
cost on transport mode choice given the other 69%
were not willing to pay for this service. The after
study showed that 24% of employees received or
acquired free parking. This is representative of the
Trondheim city centre where 26% of all employees in
the central ‘Midtbyen’ district state that they have
access to free parking, mostly subsidised by their
employer (Trondheim [57]).

Table 1 displays the results of a multinomial logit
model in which parking is shown to have significant ef-
fects on the choice of transport mode (comparing active
to both public and private motorised transport). For the
comparison of active transport with car or motorcycle,
the relationship is strongly significant (p <.001) in the
expected direction: paid parking reduces the likelihood
of driving to work. Comparing public and active trans-
port modes also yields a significant relationship in which
paid parking increases the likelihood of public transport
commuting (significant at the 95% confidence level, to
be discussed further in Section 5.4).

4.7 Demographic variables

The survey asked participants to respond to some
questions not directly connected to travel behaviour
but that could be confounding factors if found to
have changed during the relocation. These questions
concerned the maximum acceptable distance to cycle,
the typical number of working hours and perceived
safety of bicycling, however, none of these changed
significantly following the relocation.

The multinomial logit model presented in Table 1
shows that having a child under the age of 10 years
positively influences the decision to drive to work
compared to commuting by bicycle or on foot (sig-
nificant at the 95% confidence level). This is likely
connected to the additional trips associated with ac-
companying young children to and from school/kin-
dergarten or other activities which is not always
practical in combination with the journey to work if
this is by an active mode of transportation.

5 Discussion

5.1 Reduction in distance to work and VKT

Distance between workplace and the city centre can
be considered as a proxy for accessibility, and has
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been shown, together with the density of population
and jobs at the workplace location, to be strongly sig-
nificant (p <.001) in explaining the average commute
distance in the Norwegian cities of Oslo, Trondheim
and Bergen [58].

The relocation of Adresseavisen resulted in a sig-
nificant reduction to the commute distance (from
10.6 to 8.4km) for employees. A travel behaviour sur-
vey of 925 employees from 20 companies in Trond-
heim showed that peripheral and central locations
had similar average commute distances (9.6 km and
8.7km respectively) to Adresseavisen’s former and
new location [59]. The 2012 relocation of a university
institute in Karlsruhe, Germany from a peripheral lo-
cation to the inner city exhibited a comparable reduc-
tion in travel distance to Adresseavisen (from 30 to
27 km), accompanied also by a reduction in travel
time [30]. Given the high degree of specialisation of
universities, the literature suggests that we can expect
the average commuting distance to be greater [34,
60]. For both cases, however, the reduction in the
commuting distance appeared conducive to the ob-
served increases in walking, bicycling and public
transport usage.

Car VKT for the Gjensidige relocation were reduced
by 82% despite no significant change in the distance be-
ing commuted by employees [6]. The equivalent calcula-
tion for Adresseavisen (see section 4.4) was a 69%
reduction in car VKT, combined with the aforemen-
tioned reduction in commute distance. Thus commute
distance alone cannot explain the changes in car VKT
but in combination with restrictive measures for car use
and the extent to which alternatives for non-motorised
travel are satisfactory for employees. For decentralisation
cases, commute distances have been found to increase
substantially as a result of relocation from the city centre
and this was the largest contributing factor to the overall
increase in VKT ([10], p. 1069).

With a reduction in distance and improvement in
accessibility on foot and by bike comes an increase in
active transport use. In some cases, improved bicycle
network connectivity can lead to increased bicycle
modal share despite increased average commuting
distances, as was the case for the relocation of
Ericsson’s headquarters towards the inner city of
Copenhagen (City of Copenhagen 1993 in [29]). Pub-
lic transport access was, however, not significantly im-
proved, and no significant changes were therefore
witnessed for the public transport modal share.

5.2 Travel time
As a key supply variable influencing the transport
mode, travel time with various transport modes was
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considered in the multinomial logit model, however,
due to its strong collinearity with distance, was re-
moved from the final model. Distance was chosen
over travel time due to its stability and connection to
policies related to land use, although preliminary logit
models with more covariates suggest that travel time
by car was slightly better at predicting travel mode
for the Adresseavisen employees (potentially since this
is the dominant transport mode for the full dataset).

The stated travel time did not change significantly
for the Adresseavisen employees, which is partly
explained by the modal shift from car to slower
transport modes for many employees and
non-significant change in travel time for those who
continue to drive to the new workplace.

Increased levels of active transport can have con-
siderable benefits for the wellbeing of employees.
Increased time spent cycling and walking provides
health benefits such as improved cardiorespiratory
fitness [61] and reduced stress [62]. In a British
study, employees were found to have significantly
improved overall psychological well-being in con-
nection with switching from car to active travel
means [63].

Other research comparing the behaviour of different
modes of commuters suggests that bicycle commuters
have a higher quality of life than other commuters
[64, 65]. Although public transport users do not re-
ceive the same health benefits as cyclists or pedes-
trians from their primary mode of transport, one
study found that they spend on average 19 min per
day walking to and from stops [3].

5.3 Additional trips increase

The Adresseavisen case showed that the central re-
location significantly increased the number of add-
itional trips taken on the way to or from work (from
0.8 to 1.3). This additional trip behaviour, also known
as trip-chaining, is more probable given the increased
diversity of activities in proximity to a central work-
place than a peripheral one. This argument is corrob-
orated by findings from an office decentralisation in
Melbourne, Australia, which showed a 10% reduction
in the number of daily activities per person connected
to the work trip after relocating out of the city (from
2.2 to 2.0) [11].

The impact of additional trips connected to the
commute is less clear. Reduced car commuting from
one member of a household can subsequently free up
a car for other household members. The increase in
the total number of additional trips associated with
“placing shops and services near workplaces and at
neighbourhood gateways could induce trip-chaining
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and more efficient automobile travel” suggest Cervero
and Duncan [46]. In a study of household travel be-
haviour in the Puget Sound area, USA, Krizek [66]
found that a shortened commute was correlated with
both lower VKT and higher frequency of trips, sug-
gesting that “households who shorten their commute
are more prone to participate in more tours through
the course of the day”.

For trip-chaining, independent of modal shift, to
have a positive effect, at least two null hypotheses
should be upheld. The first is that the number of
non-commuting trips remains constant during a re-
location. This is not always the case, as additional
trips may be performed out of convenience and ac-
cessibility at the new central location (increased
choice of non-work destinations near to the new
workplace). The second null hypothesis, as discussed
by Schneider, is that the any trips that get combined
with the commute are not independently “walkable”
or “bikeable” ([67], p. 70). To illustrate this idea,
consider that a journey from home to the shops and
back was previously walked, but after being
'trip-chained’ with the much longer commute, is no
longer walkable and is therefore driven. In this ex-
ample, even if the total number of trips performed is
reduced due to trip-chaining, the VKT is not re-
duced due to the substitution of a walking trip with a
vehicle trip.

5.4 Parking

In section 4.6, the reduction in Adresseavisen em-
ployees’ car use as a result of paid parking was pre-
sented. Whilst the inverse correlation between
parking costs and car usage is well supported in the
academic literature [68-71], the other finding (signifi-
cant at the 95% confidence level) that paid parking
increases the likelihood of public transport commut-
ing over active commuting is less intuitive. This
finding reflects more than simply the relocation itself,
as the relocation covariate was tested to be
non-significant in the multinomial logistic regression
model. Neither public transport users, bicyclists nor
pedestrians are required to pay for parking. The unin-
tuitive result may be due to collinearity between paid
parking and public transport accessibility in the
Adresseavisen case which is stronger than any collin-
earity between paid parking and walkability/bikeabil-
ity. The former suburban workplace location had
ample free parking and relatively poor public trans-
port, whilst the new inner city location has free car
parking for a minority of employees in combination
with much improved public transport offering (see
section 4.2 regarding public transport travel times).
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Thus, paid parking, due to its close correlation with
better public transport services, can explain why pub-
lic transport is more attractive relative to bicycling
and walking.

Travel behaviour for the cases discussed in this
study is dependent on a mix of factors that influence
the cumulative attractiveness to choose one mode of
transport over another. When car accessibility is left
unchanged, car users may not see any reason to
change their mode of transport, despite the increased
competitiveness of alternatives. An example of this is
the steady car modal share of Ericsson following re-
location from Brendby in Copenhagen’s western sub-
urbs to a more central location at Sydhavnen with
unchanged car parking and public transport accessi-
bility (City of Copenhagen 1993 in [29]).

Although there are many benefits of reduced car
use in cities, free or highly subsidised parking from
municipalities and employers remains a very common
phenomenon. In the early 1990s the extent of the
parking subsidy in the USA was estimated to lie be-
tween 1.2 and 3.7% of the nation’s gross domestic
product, a level roughly equal to the nation’s annual
defence expenditure ([71], p. 207).

5.5 Policy implications

The former tendencies towards intra-city decentralisa-
tion have been largely reversed in Trondheim and
Oslo for the case of compact transport-generating
urban land-uses like offices. However, for more
land-intensive workplaces, such as developments in
the Forus area between the Norwegian cities of Sta-
vanger and Sandnes, debate continues regarding the
benefits of decentralisation [72]. Economic and polit-
ical arguments play a greater role in the relocation of
such public services relative to commercial offices,
given their important societal role and much greater
land acquisition costs involved.

To assess the direct impacts of compact urban de-
velopment policies on workplace travel behaviour is
difficult. Norwegian cities are in general densifying
in line with national and regional policies for inte-
grated transport and land use. However, the poten-
tial is not fully utilised. For example in Trondheim,
in the period 2000-2012 the “potential for densifica-
tion, in terms of population density, was equal to
the population increase (19.7%) if no new land was
added for urban use; however, the actual outcome
was 7.6%” [73].

Density, parking costs, subsidies towards sustainable
transport amongst many other policies all contribute
to lower traffic volumes from centrally located work-
places [33]. The multinomial logit model for the
Adresseavisen commuter mode choice (see Table 1)
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reveals the importance of commute distance and
parking costs on transport mode, together with access
to different means of transport (car and bicycle in
particular, but potentially also public transport as dis-
cussed in section 5.4). All of these factors are con-
nected to the density of the company location
(amongst other land use variables). As Tenngy [35]
points out: “[in] European cities, there is a clear and
strong covariance between centrality and density,
parking access, public transport accessibility, and the
number of people living within walking- and bicycling
distances.” The disaggregation of factors is complex
due to this covariance, but empirical evidence points
repeatedly towards the same conclusions: central
workplace locations with good public transport acces-
sibility will create far more opportunities for public
and active transport than peripheral workplaces with
little competition to workplace accessibility by car.

It should be noted that commuting behaviour is
affected by the location of both workplace and resi-
dence. Whilst workplace locations are determined
by such policies as compact urban development, the
choice of residential location is affected by different
political and economic factors. It is worth consider-
ing that if residential relocation is subject to market
restrictions, then relocations (including those to-
wards workplaces) are impeded. The reduction of
stamp duty is proposed by van Ommeren as a po-
tential policy change that can reduce the economic
burden of moving home, thus giving employees an
improved opportunity to reduce their commuting
distance [60]. Policy initiatives that seek to reduce
excessive commuting or private car usage can thus
be focussed on multiple areas in terms of relocation
or workplaces and homes, together with a suite of
policies affecting the costs or travel times of differ-
ent transport modes.

5.6 Limitations

This study has several limitations that could be
amended in future studies concerning travel behaviour
in connection to land use changes. The ideal circum-
stance for before and after research studies is to have
a panel study design in which the same group of
participants responds to both surveys (fixed sample
rather than population- or cross-sectional sam-
pling). The panel group for this study was only 42
employees, making it too small to perform regression
analyses upon.

A second limitation concerns the mode choice
modelling possibilities with the dataset. Since the
sample size is relatively small, there are certain
combinations of factors that would often be used in
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a mode choice model for which there are very few
or no individuals. Certain variables known from the
literature to influence mode choice appeared as
non-significant in the multinomial logistic regres-
sion performed in this study, due in large part to
the sample size. It may also be of interest to con-
sider how the relocation affects route choice, or al-
ternatively to test the assumption of stability of
supply variables such as distance or parking avail-
ability before and after relocation. The sample size
and data collection approach restricts the opportun-
ities to perform such tests, so future studies may
address these limitations with a larger dataset, such
as a national travel survey or in connection with a
larger workplace relocation.

6 Conclusion

This study considers the relocation of Adresseavisen
to the inner city of Trondheim in comparison to
three similar workplaces in the Norwegian cities of
Trondheim and Oslo. The cases demonstrate substan-
tial increases in walking, cycling and public transport
commuting, and in the case of Adresseavisen, the
numbers of cyclists, pedestrians and public transport
users approximately tripled following relocation. Al-
though the function of workplaces can vary signifi-
cantly within a city neighbourhood or borough, the
spatial attributes of the workplace destination are
found to be a dominant factor in determining the
modal split of employees. Level of Traffic
Stress weighted bicycle distance to work was used to
demonstrate the potential for cycling and walking be-
fore and after relocation. The number of employees
living within acceptable cycling and walking commute
distance was found to triple after relocation, roughly
in line with the actual changes in numbers of bicycle
and pedestrian commuters. In addition to commute
distance, the multinomial logit model revealed that
access to different transport modes (especially car and
bicycle) were significantly associated with the choice
of mode. Paid car parking also appeared to influence
mode choice, increasing the likelihood to walk or bi-
cycle to work significantly, whilst having a child
under the age of 10 was associated with a decreased
likelihood of making an active transport commute.

7 Endnotes

'NPRA public dataset for Norwegian road network
merged with Open Street Map network: ftp://vegve-
sen.hostedftp.com/~StatensVegvesen/vegnett/
Sykkeldata/


ftp://vegvesen.hostedftp.com/~StatensVegvesen/vegnett/Sykkeldata/
ftp://vegvesen.hostedftp.com/~StatensVegvesen/vegnett/Sykkeldata/
ftp://vegvesen.hostedftp.com/~StatensVegvesen/vegnett/Sykkeldata/
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