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ARTICLE INFO ABSTRACT

This article investigates net CO, emissions effects of relocating freight facilities (wholesale warehouses) away
from central areas and replacing them with more area-effective activities (mix of dwellings and workplaces) that
would otherwise have been located more peripherally. This development is ongoing in many urban regions, and
it is often part of land use strategies aimed at reducing CO» emissions from transport. However, whether this
strategy is efficient has not been investigated much. The study contributes empirical research on two Norwegian
regions, where net differences in total CO, emissions between two scenarios were analysed. In Scenario 1,
wholesale warehouses have remained in their central location, and new dwellings and workplaces have been
developed in relevant peripheral areas. In Scenario 2, centrally located warehouses have relocated to peripheral
areas, and they have been replaced by dwellings and workplaces. The main finding is that relocating warehouses
away from central and semi-central urban areas, to make land available for dwellings and workplaces, results in
reduced net transport-related CO, emissions. The effects are stronger when the warehouses were originally more
centrally located and the alternative locations of dwellings and workplaces are more peripheral. If warehouse
relocations cause detours, the effects are somewhat reduced.
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1. Introduction

A key issue in strategic land use and transport planning is allocating
space in ways supporting societal goals, like reducing CO2 emissions
from transport. This latter goal is high on the agenda, but it has proven
hard to achieve (Furopean Commission, 2011; European Environment
Agency, 2019; Ministry of Transport and Communication, 2017;
Norwegian Environment Agency, 2015). Steering land use development
in directions aimed at reducing transport demand and traffic volumes,
by stopping urban sprawl and facilitating densification and transfor-
mation in and close to central urban areas, is understood as a key
strategy for success (European Commission, 2013; Ministry of Local
Government and Modernisation, 2014; UN Habitat, 2013). These stra-
tegies rely on convincing amounts of research demonstrating that traffic
volumes and transport-related CO, emissions per inhabitant and per
employee increase with distance from dwellings and workplaces to the
city centre (for instance, see Nzess, 2012; Newman & Kenworthy, 2015;
we return to this in Section 2). Research results concerning the effects of
location of various kinds of freight facilities, such as wholesale
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warehouses (hereafter, ‘warehouses’) and terminals on traffic and CO-
emissions, are less unanimous (Kog, Bektas, Jabali, & Laporte, 2015;
Nuzzolo & Comi, 2015); however, several studies have found that
freight facilities generate more traffic and CO2 emissions when located
away from central urban areas (Dablanc & Rakotonarivo, 2010;
Pinchasik, Hovi, Wangsness, & Tenngy, 2019; Sakai, Kawamura, &
Hyodo, 2015).

Across many urban regions, a clear tendency has been found in
which several types of freight facilities are relocating to areas further
from city centres (Allen, Browne, & Cherrett, 2012; Dablane, Ogilvie, &
Goodchild, 2014; Dablanc & Ross, 2012; Pinchasik et al., 2019; Sakai
et al., 2015). There are multiple causes of this, including businesses'
optimisation and organisational and technological change in the lo-
gistics industry. Further, developmental pressure in central parts of
cities is often high, especially in rapidly growing urban regions, causing
increasing land prices that may motivate space-demanding freight fa-
cilities to relocate to less expensive urban fringe areas. This develop-
ment can be desirable from city authorities' perspectives as it frees up
land for urban development and contributes to making cities and urban
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regions more attractive and liveable (Lindholm, 2012); for instance,
this can be seen when centrally located port areas are transformed to
areas for housing, workplaces, shopping and leisure. Strategic land use
and transport plans also suggest that relocating space-demanding
freight facilities away from central areas—to give room for more area-
intensive urban development—could be part of the strategy to reduce
traffic volumes and transport-related CO, emissions (Oslo Municipality
and Akershus County, 2015; Trondheimsregionen, 2015). Such a
strategy involves an assumption that the net CO, emissions will be re-
duced.

We have, however, not seen empirical investigations concerning the
effects on net CO, emissions of relocating freight facilities from central
to more peripheral areas and replacing them with dense urban devel-
opment (dwellings, workplaces, retail, leisure, etc.) that would other-
wise have been located in less central areas. The aim of this article is to
contribute to the existing literature with results from an empirical study
on two Norwegian urban regions (Oslo and Trondheim), in which these
net effects are investigated. It aims at answering the following research
questions: What are the net CO effects of relocating wholesale warehouses
away from central and semi-central areas, replacing them with new dwell-
ings and workplaces that would otherwise have been located in more per-
ipheral areas, in Oslo and Trondheim? How do the more specific locations of
warehouses, as well as dwellings and workplaces, influence these effects?
While the analyses are based on data from Norwegian urban regions,
we think the results are also relevant for other cities, regions and
countries striving to reduce traffic volumes and transport-related CO»-
emissions.

2. Theoretical framework

To address the research questions, two scenarios were developed,
and the difference in total CO»-emissions between them was calculated.
In Scenario 1, warehouses have remained in central areas, while
dwellings and workplaces have been developed in hypothetical but
relevant peripheral areas. In Scenario 2, warehouses have been re-
located to peripheral areas, and a combination of dwellings and
workplaces have been developed on the central plots freed up when the
warehouses were relocated. The scenarios are illustrated in Fig. 1.

Key assumptions are that warehouses relocating from more to less
central areas are replaced by new dwellings and workplaces, and these
dwellings and workplaces would otherwise have been developed in
more peripheral locations. These assumptions are valid in both our
cases, which cover urban regions that are experiencing rapid popula-
tion growth, which results in high development pressure. An objection
against the assumptions is that they imply full substitutability, while
warehouses may be located in areas that are not suitable or attractive
for urban development for various reasons. Another assumption made
here is that new developments in peripheral areas do not displace other
activities to even more remote locations.

Constructing and comparing the above scenarios is obviously a
strong simplification of the complex systems urban regions, land use
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and transport development—as well as interactions between land use
and transport—represent. They are also only two out of many potential
and relevant scenarios. We could have instead compared scenarios, for
instance, where all new development was located either in central or
peripheral locations. When choosing to compare these two scenarios,
the idea was to simplify the problem in ways allowing for investigating
how different mechanisms, activated by different locations of ware-
houses and urban development, play out in concrete contexts. The
choice of scenarios was also motivated by our understanding that they
represent strategic choices considered in overall and integrated land use
and transport planning and decision making, as well as ongoing de-
velopment that can either be supported or staggered through land use
planning.

Three mechanisms that may be activated when warehouses are re-
located from central to more peripheral areas are considered; these are
as follows: i) changed distances for local distribution transports, ii)
changed long-haul transport distances and iii) modal changes if access
to rail terminals and ports is altered. Whether, and with what strength,
these mechanisms act out and affect CO, emissions is context depen-
dent. Relocations can result, for instance, in shorter transport distances
if the new location is along existing transport routes and longer dis-
tances if the new location causes detours. They can also either improve
or worsen access to ports and rail terminals, which can affect modal
splits.

Concerning urban development, the current study focusses on how
different locations of dwellings and workplaces in the urban structure
affect average daily travel distances by car and public transport for
inhabitants and employees. Existing literature has found that in-
habitants travel averagely longer distances and make a higher share of
trips as car-drivers, the further from the main city centre they live
(Elldér, 2014; Ewing & Cervero, 2010; Hartoft-Nielsen, 2001a; Naess,
2012; Neass, Strand, Wolday, & Stefansdottir, 2019; Newman &
Kenworthy, 2015). Likewise, workplaces tend to generate more car
traffic with greater distance from the city centre, as car-driver shares
are lower among employees the closer to the main city centre their
work-place is located (Hartoft-Nielsen, 2001b; Nass, 2012; Neess,
Tennesen, & Wolday, 2019; Tenngy, @ksenholt, & Aarhaug, 2014). The
literature theoretically explains these tendencies as the result of a
complex mix of causal mechanisms, where proximity to a variety of
activities and (thus) the accessibility by different modes of transport are
key issues (Banister, 2011; Neess, Hansson, Richardson, & Tenndy,
2013; Neess, Strand, et al., 2019; Newman & Kenworthy, 2015). The city
centre is normally the area in a city that is best connected to other parts
of the city and the urban region by public transport, and it has the
highest number of people living within distances that make walking
and bicycling a convenient mode of transport when engaging in dif-
ferent activities. Moving outwards in the urban structure, densities
become lower, activities more separated and the spatial structure more
fragmented. Travel distances increase, public transport services become
poorer, fewer trips are short enough to be made by foot or bicycle and
conditions for car-usage improve. This results in longer travels and
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Fig. 1. Illustration of Scenario 1 (left) and Scenario 2 (right).
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higher shares of trips done as car drivers, and hence, higher traffic
volumes per inhabitant and employee. For similar reasons, dense cities
and urban regions generate less traffic per inhabitant and per employee
than sprawling cities do (see Newman & Kenworthy, 2015).

3. Research design, data and methodology
3.1. Overall research design

The research questions, together with the multi-causal nature of the
problem and our focus on investigating how defined mechanisms play
out in concrete contexts, call for in-depth empirical case studies and a
mixed-methods approach (Yin, 2003). We selected two Norwegian
urban regions as cases, where the use of land in central and semi-central
areas is a debated issue in ongoing strategic land use and transport
planning, where relocation of freight facilities more generally is an
important part of these debates and where there is an observed ongoing
sprawl of wholesale warehouses (Pinchasik et al., 2019). These regions
are the Norwegian capital Oslo, with about 700,000 inhabitants in the
municipality and about 1,000,000 in the urban region (the morpholo-
gical city), and Trondheim, the third largest city in Norway, with about
200,000 inhabitants in the municipality and 280,000 in the urban re-
gion. Two concrete and context-related scenarios were constructed, and
the differences in total CO, emissions between the two scenarios were
calculated.

3.2. Calculating CO2 emissions generated by wholesale warehouses in
different locations

Using the Central Register of Enterprises (Statistics Norway, 2017a)
and considering the availability of data on freight flow patterns from
commodity flow surveys (see below), we identified relevant freight-
generating firms that had relocated from central to peripheral areas in
the urban regions in the period 2008-2014, as well as their current and
previous locations. In Oslo, this included eight wholesale warehouses
relocated from central areas to peripheral locations about 14-42 km
north of the Oslo city centre and 12 warehouses that had relocated from
similar areas to peripheral locations about 10-40 km south of Oslo city
centre. The distinction between the northern and southern periphery is
made to account for potentially different effects with respect to the
geographical location of the main road transport route from Europe and
the south of Sweden to Norway. In Trondheim, the sample included 12
warehouses relocated to a peripheral location about 13 km south of the
city centre. See the maps in Fig. 2. The above selection requirements
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resulted in our case sample consisting of space-demanding and freight-
generating firms with NACE classification 46 (wholesale trade). In ad-
dition to this case sample, other logistics facilities may have relocated
as well. However, this cannot always be tracked, for example due to
changes in organisation numbers when moving/consolidating/ex-
panding.

Transport activity (tonne-km) generated by the warehouses was
calculated for both the central and peripheral locations. This was done
using a national freight model (NFM) for Norway (Grenland, 2015;
Hovi, 2018; Jong, Ben-Akiva, & Baak, 2013; Madslien, Steinsland, &
Grgnland, 2015). The NFM is a strategic freight transport network
model (Jonkeren, Francke, & Visser, 2019) using basic data from
commodity flow surveys and foreign trade statistics (see below) to
generate aggregate annual commodity flows between zones of origin
and destination. The NFM optimises delivery frequencies, shipment
size, transport routes, mode chains, transfer zones and size of vehicles
to minimise logistics costs, and distributes commodity flows accord-
ingly. Outputs are commodity flows (in tonnes) between defined zones,
by different modes of transport, and transport performance (in tonne-
km) by mode. As such, the NFM calculates transport to and from the
warehouses and origin and delivery points (mainly urban distribution
to shops, restaurants, etc., later termed domestic flows) and the part of
transport on Norwegian territory that stems from foreign trade, that is,
between the Norwegian border and the domestic warehouses (later
termed foreign flows). For confidentiality reasons, we could not calcu-
late CO, emissions generated by specific warehouses. Instead, we used
data for commodity flows to and from firms in the same central and
peripheral locations as our case firms. A strength of the NFM is that it
allows shifts in modes of transport, vehicle size, delivery frequencies
and so on when warehouses relocate. A weakness, at least in this study,
is its relatively aggregated geographical level (post-zone level), dividing
Oslo and Trondheim into 12 and 8 zones, respectively; this reduces the
precision of the calculations.

Input to the NFM analyses of the domestic transport flows were
commodity flow (basic) data from Statistics Norway from 2015 at the
post-zone level for firms at both the origin and destination. The com-
modity flow dataset is based on a large stratified sample survey among
firms within manufacturing industry and wholesale trade, including
deliveries from the eight largest freight forwarders in Norway. Data for
missing firms are imputed by Statistics Norway. In total, the survey
included data on around 53 million shipments and 12,000 delivery
firms. We assessed data for firms within and outside the study areas to
cover the full effects of different locations through both incoming and
outgoing freight flows. In analyses of foreign transport flows, a similar

Fig. 2. Previous (blue dots) and current (red dots) locations of warehouses included in the study, in Oslo (left panel) and Trondheim (right panel). Larger dots
indicate a greater number of firms. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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input was formed by basic data from the Norwegian Foreign Trade
Statistics.

CO, emissions from freight transport were derived from the NFM
transport flow outputs (tonne-km, based on mode-specific tonne-km
and CO; intensities per km, including vehicles of different sizes) and the
average capacity utilisation of each mode. Transport distances between
each zone pair in the central areas were based on the level of service
matrices from the National Transport Model (NTM) for passenger
transport in Norway (i.e., zones at the so-called NTM6 level, con-
stituting approximately 1600 zones for Norway; see Rekdal et al., 2014;
Steinsland, Fridstrgm, Madslien, & Minken, 2018). Transport activity
and CO, emissions generated by domestic and foreign transport flows
generated by the warehouses were then summarised for the central and
the peripheral locations, respectively. Differences between locations
were found by subtracting the figures for the previous central locations
from the figures for the current peripheral locations. The results were
used as inputs when analysing differences in total CO, emissions be-
tween the scenarios.

Data on plot sizes for the warehouses (that had relocated) in their
current (peripheral) locations were retrieved from the Norwegian land
register, which is ‘the official register of legal rights and obligations asso-
ciated with real property and housing cooperatives’ (Norwegian Mapping
Authority, 2018). We found data for 4 of 12 firms in Trondheim, with
plot sizes varying from 1500 to 18,000 m” and an average size of about
11,000 m*. We found data for six out of eight firms that had relocated
to Oslo north, varying in plot size from 5300 to 141,000 m?, and an
average size of about 32,000 m®. For firms that had relocated to Oslo
south, we found data for 10 out of 12 firms, varying in size from 3500 to
140,000 m?, with an average size of about 33,000 m?2. We decided to
use the average plot sizes for all Oslo firms, 33,000 m?, in the calcu-
lation of the Oslo cases, with 11,000 m? for the Trondheim cases. These
figures were used when calculating the average CO.-emission differ-
ences for the warehouses (see results in Table 4).

The main uncertainties in these calculations lie with the differences
in CO, emissions for warehouses in different locations and with plot
sizes. Plot sizes are uncertain because data were not available for all
relevant warehouses, as well as because data on plot sizes in the pre-
vious central locations were not available. Relocation of warehouses
often also entails other changes (organisational, land-use efficiency,
and hence, plot sizes) that affect what one could term ‘freight-activity
per m?. Hence, comparing plot sizes in the central and peripheral lo-
calisation would have been problematic even if complete data were
available. This was an argument for the decision to use the average plot
size. We conducted sensitivity analyses in which plot sizes, as well as
differences in CO, emissions generated by the warehouses in different
locations, were varied by = 50%.

3.3. Calculating CO, emissions generated by dwellings and workplaces in
different locations

Analyses of differences in transport-related CO,-emissions gener-
ated by dwellings and workplaces (later termed urban development) in
central and peripheral locations, resembling locations warehouses,
were also required when analysing differences in total transport-related
CO- emissions between the two scenarios. In Trondheim, the central
area was defined as the city centre and the core city within 2.5 km from
the city centre (Fig. 3). The peripheral area in Trondheim included the
suburban area Heimdal, located about 10-14 km from the city centre.
The Oslo urban region is larger and more complex than the Trondheim
urban region is. Hence, for Oslo, we defined a central area, a semi-
central area and several peripheral municipalities—located at different
distances from the core city—as peripheral areas; these areas can be
described as follows (Fig. 3):

- Central area: the area including the city centre and stretching about
5.5km from the city centre through the inner city towards the
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eastern border of the dense city;

- Semi-central area: the suburban area east of Oslo (Groruddalen),
stretching from about 5.5 km to 13 km from the city centre, towards
the north-eastern municipal border;

- Peripheral areas north: Three municipalities located in different
distances north-east of Oslo city centre—Skedsmo (centre located
24 km from Oslo city centre by road), Serum (37 km) and Ullensaker
(45 km); and

- Peripheral areas south: Four municipalities located at different dis-
tances south of the Oslo city centre—Oppegérd (centre located
16 km from Oslo city centre by road), Ski (30 km), As (39 km) and
Vestby (41 km).

When analysing the effects of different locations of urban develop-
ment in Oslo, we distinguished between all these areas. When analysing
the effects of different locations of warehouses, the central and semi-
central areas in Oslo were analysed as one area.

For each area, vehicle kilometres (vkm) by private car and pas-
senger kilometres (pkm) by public transport generated per inhabitant
living in the area and per employee working in the area were calcu-
lated. For this, we used geo-coded data from the National Travel Survey
(NTS) from 2013/14, comprising reports from about 60,000 persons
nationwide (Hjorthol, Engebretsen, & Uteng, 2014). Modal splits for
trips to and from workplaces and to and from dwellings (all kinds of
trips) in each area were analysed. For journeys between homes and
workplaces located in the same area, we split the work trips and
counted trips from home to workplace as trips related to the workplace
and the trips from workplace to home as trips related to the home. In
this way, we included most trips without double counting any trips.
Trips that neither started nor ended at the home or the workplace were
omitted, but these represented a low share of trips. For trips performed
as car drivers and public transport passengers, we also calculated the
average travel lengths per trip. The NTS provided data on average
numbers of trips per day.

The data (modal splits and average trip lengths on car-driver trips
and public transport trips) were used when calculating traffic volumes
(vkm) and public transport passenger volumes (pkm) generated per
employee per year at workplaces located in the different areas; see Eqs.
(1) and (2):

Vkm per employee per year
= Car driver share x Average travel distance per car trip X 2 trips a

day x 230 work days per year (1)

Pkm per employee per year
= Public transport share
X Average travel distance per public transport trip X 2 trips a
day x 230 work days per year (2)
Vkm and pkm generated per inhabitant per year (all kinds of trips)
were calculated as in Egs. (3) and (4):
Vikm per inhabitant per year
= Car driver share x Average travel distance per car trip X 3, 26 trips a

day x 365 days per year (3

Pkm per inhabitant per year
= Public transport share
X Average travel distance per public transport trip x 3, 26 trips a
day x 365 days per year 4)
Calculations of transport-related CO» emissions per inhabitant and
per employee required data for CO, emissions per vkm (private car) and

pkm (public transport). Clearly, exact and certain data for this are not
available. We used figures estimated in previous projects (Tenngy et al.,
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Fig. 3. Illustration of defined areas in Oslo (left) and Trondheim (right) used in the analyses of differences in CO, emissions generated by dwellings and workplaces in

different locations.

Table 1
Figures for CO, emissions per vkm (private car) and pkm (public transport) in
Oslo and Trondheim.

COo-emissions per vehicle
kilometre (kg)

CO»-emissions per passenger
kilometre (kg)

Oslo 0,15
Trondheim 0,15

0,00396
0,02508

2014; Tenngy, @ksenholt, & Aarhaug, 2013) based on the available
statistical data (Kolshus, 2015; Monserud & Brunvoll, 2011; Statistics
Norway, 2013) as the basis. These data were adjusted, with the help of
the best available expertise, in terms of improved motor technologies, a
strong increase in shares of electrical vehicles and increased use of bio-
diesel in public transport in the Oslo region. CO, emissions from bio-
diesel are not included as CO, emissions in our calculations. The figures
for CO, emissions per public transport pkm are far higher in Trondheim
than they are in Oslo. This is because public transport in Trondheim
mainly runs on fossil fuels, while major shares of public transport in the
Oslo region run on electricity and bio-fuels. For private cars, we used
the same CO, emissions per vkm, as there was no evidence of significant
differences between the regions. The figures used in the calculations are
listed in Table 1.

CO,-emissions per inhabitant and per employee per year could now
be calculated for each of the defined locations, as in Egs. (5) and (6)
below.

CO2 emissions generated per inhabitant per year
= (Vkm per inhabitant per year x CO2 emissions per Vkm)
+ (Pkm per inhabitant per year x CO2 emsissions per Pkm) 5)

CO2 emissions generated per employee per year
= (Vkm per employee per year x CO2 emissions per Vkm)
+ (Pkm per employee per year x CO2 emsissions per Pkm) )

Differences between CO.-emissions generated per inhabitant and
per employee in the different geographical areas could now be calcu-
lated by subtracting CO,-emissions generated in central and semi-cen-
tral areas from emissions generated in various peripheral areas (see
results in Table 5).

Finally, we needed data for densities of employees and inhabitants
in existing central and semi-central areas, to define how many in-
habitants and work-places/employees we could assume there would be
room for on the plots freed up when warehouses relocate from central
areas. Geo-coded data from the Central Register of Enterprises
(Statistics Norway, 2017a), including all units in Norway with eco-
nomic activity, were used when analysing densities of employees in
different areas. Population statistics (Statistics Norway, 2017b) were
employed when analysing densities of inhabitants. Densities used in the
calculations are listed in Table 2.

We used plot sizes of 33,000 m® in Oslo and 11,000 m* in
Trondheim (see Section 3.2). With all the necessary data assembled, we
could now analyse the differences in CO, emissions generated by a
defined number of inhabitants and employees located in central, semi-
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Table 2
Densities (population and employees) in central and semi-central areas in Oslo
and Trondheim (data from Statistics Norway, 2017a and 2017b).

Area Employees per km> Population per km®
Oslo central 21,569 6060
Oslo semi-central 2187 3065
Trondheim central 9779 3121

central and various peripheral areas in the urban regions, as in Eq. 7
(see results in Table 5):

ACO2 emission urban development
= (population density x plot size x ACO2 emission per inhabitant)
+ (employee density x plot size X ACO2 emission per employee)
(7)

The main uncertainties in these calculations lie with the CO-
emissions per vkm and per pkm. Densities used could also be discussed,
as new urban development in central and semi-central areas will often
be denser than it is in the current situation. For these reasons, we
conducted sensitivity analyses, varying figures for differences in CO2
emissions between areas and for densities, by = 50%, to investigate
how this affects results and conclusions.

3.4. Comparing scenarios

Through the steps described in Sections 3.2 and 3.3, differences in
CO, emissions generated by urban developments in plots of defined
sizes, located in different areas (ACO2 emissions urban development), as
well as differences in CO, emissions generated by warehouses in dif-
ferent areas (ACO2 emissions warehouses), were found. These findings
were used as input when analysing differences in total transport-related
CO, emissions between scenarios, as in Eq. (8) (see results in Table 6):

CO2 differences between scenarios (fotal)

= ACO2 emissions urban development — ACO2 warehouses (8)

3.5. Sensitivity analyses

Sensitivity analyses were executed by increasing and decreasing
figures by 50% for variables with uncertainty, as identified in Sections
3.2 and 3.3: Differences in CO, emissions per warehouse in different
locations, plot sizes left in central areas by warehouses, differences in
CO, emissions per inhabitant and employee in different locations and
urban development densities. Further, multivariate sensitivity analyses
were conducted where several variables were set conservatively to ar-
rive at the lowest reductions. The results are listed in Tables A1, A2 and
A3 in Appendix A.

4. Results
4.1. Effects of different locations of warehouses

Results from calculations of effects of relocating warehouses in the
two urban regions are presented in Table 3, which shows transport
volumes (1000 t-km per year) and CO, emissions (tonnes per year) in
central and peripheral locations, as well as the differences between
them. We distinguish between domestic volumes (between the ware-
houses and origin and delivery points in Norway, mainly urban dis-
tribution to shops, restaurants, etc.) and foreign volumes (i.e. between
the Norwegian border and the domestic warehouses).

In total, relocation of the warehouses from central to peripheral
locations resulted in increased transport volumes and CO, emissions
from transport in both cases. In Trondheim, a marginal reduction in
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domestic transport volumes and a 0.9% increase in foreign transport
volumes resulted in a 0.3% increase in total traffic volumes. Many
deliveries have start- or end-points in the peripheral area south of
Trondheim, meaning that warehouses relocating to a more peripheral
location have relocated along the main transport route from the south.
Modal changes for domestic and foreign transport were only marginal.
CO, emissions from domestic transport increased by 0.3%, while
emissions increased by 2.0% for foreign transport, resulting in a 0.5%
total increase.

In Oslo (total), domestic transport volumes (in tonne-km) increased
by 1.7%, while foreign transport volumes decreased by 3.2%, resulting
in a 0.9% total increase. The growth in domestic transport volumes is
explained by longer distances from warehouses to delivery points in the
Oslo area. The reduction in foreign transport volumes is explained in
that many warehouses have relocated to areas south of Oslo and closer
to the main border crossing for road transport from the south of Sweden
and Europe to Oslo, meaning that part of the transport shifted from
foreign to domestic (as defined here). CO, emissions increased by 2.4%
for domestic transport and 9.4% for foreign transport, resulting in a
2.7% total increase. The stronger increase in CO, emissions than in
transport volumes was caused by modal changes from sea to road, as
road transport is more COy-emissions intensive on average.

Separate analyses for the warehouses relocated to the north and
south of Oslo showed clear differences. The effects were significantly
weaker for warehouses relocated to the south, along major transport
routes, and stronger for warehouses relocated to the area north of Oslo,
where relocation generated substantial detours. Focussing on CO,
emissions, the total increases were 5.6% for northern relocations and
1.9% for warehouses relocated to the south of the city. Although the
results depend on the characteristics of the sample firms (e.g. demand
patterns), and therefore, will vary between firms, these findings de-
monstrate that the more specific location of warehouses matters.

When analysing differences in total transport-related CO, emissions
between scenarios (in Section 4.3), results are needed in terms of tonnes
of CO, emissions per warehouse. Average differences in CO, emissions
per relocated warehouse were calculated, as listed in Table 4.

4.2. Effects of different locations of dwellings and workplaces

When calculating differences in transport-related CO., emissions
generated per employee and per inhabitant located in central, semi-
central and peripheral areas (as described in Section 3.3, Egs. (1)—(7),
we arrived at the results presented in Table 5.

These figures are used when calculating differences in transport-
related CO, emissions generated by the same number of inhabitants and
employees when located in central, semi-central and different periph-
eral areas (as described in Section 3.3 and Eq. (7)). The numbers of
inhabitants and employees used in those calculations are defined by the
plot sizes left for urban development in the central areas of the urban
regions (Table 6, column 6: Plot-size (my); see also Section 3.2) and the
densities of employees and inhabitants in the different areas (see
Table 2). The resulting differences are listed in column 3 in Table 6.

4.3. Comparison of scenarios

Differences in total transport-related CO, emissions between the
scenarios can now be analysed, and the results are presented in Table 6,
column 5: Total difference, tonnes of CO,. Total differences were found
by subtracting differences in CO, emissions per warehouse when re-
locating from central and semi-central areas to peripheral areas (in
column 4: Difference in tonnes of CO2 for warehouses, figures from
Table 4) from CO, emissions saved when defined (by plot sizes) as
numbers of employees and inhabitants are located in central or semi-
central areas instead of in different peripheral areas (column 3: Differ-
ence in tonnes of CO2 for urban development; see Eq.(8) for explanation).

In all the cases investigated, the findings show that relocating
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Differences between transport volumes and CO, emissions generated by warehouses in central and peripheral locations in Trondheim and Oslo for the samples

identified in Section 3.2.

Transport volumes (1000 t-km per year)

CO emissions (tonnes per year)

Domestic Foreign Total Domestic Foreign Total
Trondheim®
Central location 39,202 26,103 65,305 3340 543 3882
Peripheral location 39,165 26,345 65,510 3348 553 3902
Difference (absolute) —-37 242 205 9 11 19
Difference (%) —=0.1% 0.9% 0.3% 0.3% 2.0% 0.5%
Oslo total®
Central location 311,044 58,612 369,656 34,879 1757 36,636
Peripheral location 316,315 56,728 373,043 35,717 1922 37,640
Difference (absolute) 5271 —1884 3387 839 165 1004
Difference (%) 1.7% —3.2% 0.9% 2.4% 9.4% 2.7%
Oslo north
Central location 76,899 6156 83,055 7998 204 8202
Peripheral location 79,825 6521 83,346 8412 244 8657
Difference (absolute) 2926 365 3291 414 41 455
Difference (%) 3.8% 5.9% 4.0% 5.2% 20.1% 5.6%
Oslo south
Central location 234,145 52,456 286,601 26,880 1553 28,434
Peripheral location 236,490 50,207 286,697 27,305 1678 28,983
Difference (absolute) 2345 —2249 96 425 124 549
Difference (%) 1.0% —4.3% 0.0% 1,6% 8,0% 1,9%

Figures under headings marked “*’ have previously been published in Pinchasik et al. (2019).

central and semi-central warehouses to more peripheral locations, to
give room for urban development on the freed-up plots in central and
semi-central areas that would otherwise have been developed in per-
ipheral areas, contributes to reducing transport-related CO, emissions.
The findings also show that the COs-emission reduction effects of re-
locating warehouses are stronger with a more central original location,
as well as a more peripheral alternative localisation of urban develop-
ment. This is mainly caused by differences in travel behaviour, where
inhabitants and employees generate more traffic and CO, emissions the
further from the main city centre their dwellings and workplaces are
located, as discussed in Section 2.

4.4. Sensitivity analyses

The findings presented in Table 6 are the results of analyses re-
quiring data and assumptions that are uncertain for various reasons (as
discussed in Section 3). To test the strength and soundness of the re-
sults, sensitivity analyses were executed by increasing and decreasing
the following variables by 50%: differences between CO, emissions per
warehouse in different locations, differences between CO, emissions
per inhabitant and per employee in different locations, plot sizes left by
warehouses, and densities of inhabitants and workplaces. Multivariate
sensitivity analyses are also conducted, where two, three and four of the
variables listed above are set conservatively to minimise CO>-emission
reductions.

4.4.1. Varying CO- effects of relocating warehouses

We found that a 50% increase in differences between CO- emissions
generated by warehouses in central and peripheral locations resulted in
negative figures (meaning increased total CO, emissions) in the cases

Table 4

where new urban developments are located in the nearest munici-
palities to the south (Oppegard) and north (Skedsmo) of Oslo rather
than semi-central areas (see Appendix A, Table Al for the results).
These municipalities are located closest to the semi-central areas,
meaning that differences in travel behaviour are small. Cases with more
peripheral alternative locations of the urban development, as well as
where warehouses are relocated away from central areas, still result in
substantial reductions in CO, emissions.

4.4.2. Varying plot sizes, densities and COz-emission differences for
passenger transport

When assuming 50% smaller plot sizes freed up for urban devel-
opment by relocated warehouses, total CO, emissions increase in sev-
eral cases where warehouses are relocated from semi-central to per-
ipheral locations (see Appendix A, Table A2 for results). Relocation of
centrally located warehouses still results in substantial reductions in
CO-, emissions in all relevant cases.

From Eq. (7) in Section 3.3, it is clear that increasing and decreasing
the variables of ‘densities’ and the ‘CO,-emissions difference for pas-
senger transport’ by 50% will produce the same results as increasing
and decreasing plot sizes by 50%. As discussed above, one could claim
that densities in new urban developments in semi-central areas can be
expected to be higher than those found in the current situation, and
Table A2 shows that this would result in stronger CO-emission re-
ductions in cases where warehouses are relocated away from semi-
central areas. The table also demonstrates that decreasing differences in
CO, emissions generated by inhabitants and employees located more
and less centrally reduces the amount of CO, emissions.

Average figures for differences in tonnes of CO, emissions per warehouse per year, when relocated from central to peripheral locations in Trondheim and Oslo.

Warehouses relocated to  Average figures (differences in tonnes of CO, emissions

Differences in tonnes of CO- emission per year, all

Number of warehouses in each

per warehouse per year) warehouses in each area area
Trondheim peripheral 1.6 19 12
Oslo peripheral south 46 549 12
Oslo peripheral north 57 455 8
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Differences between CO, emissions per year generated per employee and per inhabitant in different locations in Trondheim and Oslo, in absolute (tonnes of CO,) and

relative (%) figures.

Comparing locations Differences (tonnes of CO, emissions)

Differences (%)

Per employee

Per inhabitant

Per employee Per inhabitant

Trondheim central versus:

Trondheim peripheral 0.26 0.52 76 109
Oslo central versus:
Semi-central location 0.42 0.21 119 40
Peripheral locations south
Oppegard 0.58 0.63 166 117
Ski 0.98 0.72 278 134
As 0.76 0.79 215 147
Vestby 0.82 1.62 234 301
Peripheral locations north
Skedsmo 0.54 0.81 153 150
Serum 1.12 1.56 317 289
Ullensaker 0.86 1.39 245 258
Oslo semi-central versus:
Oslo central —0.43 —-0.21 —55 —-29
Peripheral locations south
Oppegérd 0.16 0.41 20 55
Ski 0.55 0.51 71 67
As 0.33 0.58 42 77
Vestby 0.39 1.41 50 187
Peripheral locations north
Skedsmo 0.11 0.59 14 79
Sgrum 0.69 1.34 88 178
Ullensaker 0.43 1.17 56 156
Table 6 passenger transport) was decreased by 50%; in ‘Minimum 2’, two of the

Differences between total transport-related CO, emissions in different sce-
narios.

Comparing Difference in  Difference Total Plot-
tonnes of CO, in tonnes of  difference, size

Central/ Peripheral for urban CO, for tonnes of (m?)

serni- development  warehouses  CO,

central

Trondheim Trondheim 46.5 1.6 44.9 11,000

central  peripheral

Oslo central  Oslo semi- 348.1 - - 33,000
central
Oppegérd 542.0 46.0 496.0 33,000
Ski 840.8 46.0 794.8 33,000
As 697.1 46.0 651.1 33,000
Vestby 909.9 46.0 863.9 33,000
Skedsmo 544.7 57.0 487.7 33,000
Serum 1105.5 57.0 1048.5 33,000
Ullensaker 891.8 57.0 834.8 33,000

Oslo semi- Oslo —-52.7 - - 33,000

central  central*

Oppegérd 53.2 46.0 7.2 33,000
Ski 90.8 46.0 44.8 33,000
As 82.2 46.0 36.2 33,000
Vestby 170.9 46.0 1249 33,000
Skedsmo 67.8 57.0 10.8 33,000
Sprum 185.5 57.0 128.5 33,000
Ullensaker 150.0 57.0 93.0 33,000

*Differences when comparing Oslo semi-central with Oslo central are smaller
than those when comparing Oslo central with Oslo semi-central because lower
densities in Oslo semi-central mean that there are fewer inhabitants and em-
ployees included in this calculation.

4.4.3. Multivariate sensitivity analyses

Sensitivity analyses where two, three and four variables were set to
minimise the CO,-reducing effects of the scenarios were conducted (see
results in Table A3 in Appendix A). In all three analyses, the differences
in CO5 emissions per warehouse in different locations were increased by
50%. In the ‘Minimum 1’ analysis, one of the variables discussed in
Section 4.4.2 (plot size, densities, CO,-emissions difference for

variables were decreased by 50%; and in ‘Minimum 3’, all three vari-
ables were decreased by 50%.

Cases where warehouses were relocated from central areas resulted
in total CO»-emissions reductions in almost all cases, as was the case
when all four variables are set conservatively. Hence, in our under-
standing, it is a sound finding with a high degree of certainty that re-
locating warehouses to free up land in central areas for urban devel-
opment that would otherwise have been located to more peripheral
areas can be expected to result in reduced CO» emissions. The findings
also emphasise that the effects of relocating warehouses from semi-
central areas to free up land for urban development in these areas are
more context-dependent and uncertain. As described in Section 3.2, in
our cases, ‘central areas’ include not only the city centres but also most
of the core areas in the cities, within 5.5 km from the city centre in the
Oslo case and 2.5km in the Trondheim case (when analysing urban
development). When analysing warehouses, ‘central areas’ also include
semi-central areas, meaning that it includes the whole municipality in
the Oslo case.

5. Discussion and concluding remarks

The aim of this study was to contribute to the following research
interests: i) investigating the net CO, effects of relocating wholesale
warehouses away from central and semi-central areas, replacing them
with new dwellings and workplaces that would otherwise have been
located in more peripheral areas, and ii) how the more specific loca-
tions of warehouses, as well as dwellings and workplaces, influence
effects. The analyses were conducted as case studies in the two
Norwegian urban regions, Oslo and Trondheim, where two different
scenarios were compared using empirical data from the case regions.

All the cases investigated resulted in reduced net CO, emissions
from transport. Both warehouses and urban development generated
more CO, emissions the further from the city centre they were located,
but the differences were larger for urban developments than they were
for warehouses. The effects were stronger the more centrally the
warehouses were originally located, as well as the more peripherally
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new urban development was alternatively located. This is mainly re-
lated to effects of location on travel behaviour, where inhabitants and
employees generate more traffic and related CO, emissions the further
from the main city centre their dwellings and workplaces are located;
this has been theoretically explained and empirically documented in
previous research (see Section 2). In the Oslo case, separate analyses of
warehouses located to the north and south of the core city showed clear
differences. The increases in CO, emissions were significantly stronger
for warehouses relocated to the north than to the south, mainly because
locations north of the city cause detours while locations to the south are
along major transport routes from Sweden and Europe to Oslo. As there
were uncertainties related to several variables in the analyses, multi-
variate sensitivity analyses were conducted. These analyses showed
that relocating warehouses away from central areas to give room for
urban development resulted in CO,-emission reductions in almost all
investigated cases, including when all four key variables were set
conservatively (least CO, reducing). The effects of relocating ware-
houses from semi-central areas to free up land for other development in
these areas were more context dependent and uncertain.

The results in this article open discussions concerning other land-use
developments than those included in the scenarios investigated. As
expected, the calculations showed that both warehouses and urban
development generate fewer CO, emissions when located more cen-
trally. Using these results in the optimisation of land-use development
with the aim of minimising CO, emissions would result in suggestions
for developing both warehouses and urban developments as densifica-
tion and transformation in more central locations rather than allowing
or facilitating sprawl.

An issue not discussed here is the effect of reorganising logistics by
locating smaller consolidation points in or close to the city centre,
which could enable last-mile deliveries with smaller or zero-emission
vehicles. This would often imply a combination of larger freight facil-
ities in the periphery and small consolidation points in the city centre.
Although such organisational changes could be an important part of
solving problems related to deliveries in the city centre, and to make
deliveries more efficient, it may also increase logistics costs due to the
extra reloading. Nordtgmme, Bjerkan, and Sund (2015) found that an
obstacle to introducing this in Oslo was carriers and end receivers not
acknowledging the need for such solutions and perceiving economic
consequences to be negative.

We believe the findings in this article are relevant in land use and
transport planning. Plans for the urban regions studied here suggest
relocating freight facilities away from central areas to give room for
dense and mixed urban development in those areas as part of their
strategies for reducing urban sprawl, traffic volumes and CO, emissions
from transport (Oslo Municipality and Akershus County, 2015;
Trondheimsregionen, 2015). Our findings suggest that these strategies
are efficient in contributing to achieving these goals, given the need to

Appendix A. Results from sensitivity analyses
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prioritise between activities. If municipalities could find ways of de-
veloping both freight facilities and urban developments as densification
and transformation, rather than allowing or facilitating sprawl of any
activity type, this could contribute even more to goal achievement. The
strategic plans for Trondheim and Oslo urban regions suggest locations
of freight facilities that will cause detours. Our results show that this
may result in freight transport generating more traffic and CO, emis-
sions than if located along main transport routes. Like other countries,
Norway is experiencing more rapid growth in CO, emissions generated
by road freight transport than for passenger transport (Statistics
Norway, 2018). If decision makers and planners more properly con-
sidered the specific locations of freight facilities, in the investigated
regions and elsewhere, growth could be reduced.

We think that the research and findings presented here have re-
levance beyond the Norwegian context as reducing CO, emissions from
transport is a major issue in cities, regions and countries across the
globe (European Commission, 2011, 2013; European Environment
Agency, 2019; Norwegian Environment Agency, 2015; UN Habitat,
2013). Although the interrelation between knowledge and action in
planning and decision making is far from obvious (Krizek, Forsyth, &
Slotterback, 2009; Tenngy, Hansson, Lissandrello, & Nass, 2016), it
could be maintained that knowledge is a necessary condition for en-
abling planners and decision makers to steer development in directions
contributing to achieving prioritised societal goals.
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Table Al
Results from sensitivity analyses where differences between CO, emissions for warehouses in different locations are increased and decreased by 50%, in different
scenarios.
Comparing Total difference in CO, emissions
Central/semi-central Peripheral Original 50% increase 50% decrease
Trondheim central Trondheim peripheral 44.9 44.1 45.7

(continued on next page)
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Comparing Total difference in CO, emissions

Central/semi-central Peripheral Original 50% increase 50% decrease

Oslo central Oslo semi-central
Oppegard 496.0 473.0 519.0
Ski 794.8 771.8 817.8
As 651.1 628.1 674.1
Vestby 863.9 840.9 886.9
Skedsmo 487.7 459.2 516.2
Serum 1048.5 1020.0 1077.0
Ullensaker 834.8 806.3 863.3

Oslo semi-central Oslo central
Oppegérd 7.2 —15.8 30.2
Ski 44.8 21.8 67.8
As 36.2 13.2 50.2
Vestby 124.9 101.9 147.9
Skedsmo 10.8 -17.7 39.3
Serum 128.5 100.0 157.0
Ullensaker 93.0 64.5 121.5

Table A2

Results from sensitivity analyses where assumed plot sizes freed up by relocated warehouses are increased and decreased by 50% in different scenarios.

Comparing Total difference in CO, emissions
Central/semi-central Peripheral Original (11,000/33000 m?) 50% increase (16,500/49500 m?) 50% decrease (5500/16500 m?)
Trondheim central Trondheim peripheral 449 68.2 21.7
Oslo central Oslo semi-central
Oppegard 496.0 767.1 225.0
Ski 794.8 1215.2 374.4
As 651.1 999.6 3025
Vestby 863.9 1318.9 409.0
Skedsmo 487.7 760.0 215.3
Serum 1048.5 1601.3 495.8
Ullensaker 834.8 1280.7 388.9
Oslo semi-central Oslo central
Oppegard 7.2 33.7 -19.4
Ski 44.8 90.3 —-0.6
As 36.2 77.3 4.9
Vestby 124.9 210.4 39.5
Skedsmo 10.8 44.8 -23.1
Sgrum 128.5 221.2 35.7
Ullensaker 93.0 168.0 18.0
Table A3
Results from sensitivity analyses where two, three and four variables are set to minimise the CO,-reducing effects of scenarios.
Comparing Total difference in CO, emissions
Central/semi-central Peripheral Original Minimum 1 Minimum 2 Minimum 3
Trondheim central Trondheim peripheral 44.9 20.9 9.2 3.4
Oslo central Oppegard 496.0 202.0 66.5 -1.2
Ski 794.8 351.4 141.2 36.1
As 651.1 279.5 105.3 18.1
Vestby 863.9 386.0 158.5 44.7
Skedsmo 487.7 186.8 50.7 —-17.4
Sgrum 1048.5 467.3 190.9 52.7
Ullensaker 834.8 360.4 137.5 26.0
Oslo semi-central Oppegard 7.2 —42.4 —55.7 —62.4
Ski 44.8 —23.6 —46.3 —57.6
As 36.2 ~27.9 —48.5 —58.7
Vestby 124.9 16.5 —26.3 —47.6
Skedsmo 10.8 —51.6 —68.5 —=77.0
Sgrum 128.5 7.2 —39.1 —62.3
Ullensaker 93.0 —-10.5 —48.0 —66.7

10



A. Tenngy, et al.

References

Allen, J., Browne, M., & Cherrett, T. (2012). Investigating relationships between road
freight transport, facility location, logistics management and urban form. Journal of
Transport Geography, 24, 45-57.

Banister, D. (2011). Cities, mobility and climate change. Journal of Transport Geography,
19(6), 1538-1546.

Dablanc, L., Ogilvie, S., & Goodchild, A. (2014). Logistics sprawl: Differential ware-
housing development patterns in Los Angeles and Seattle. Transportation Research
Record, 2410, 105-112.

Dablanc, L., & Rakotonarivo, D. (2010). The impacts of logistics sprawl: How does the
location of parcel transport terminals affect the energy efficiency of goods' move-
ments in Paris and what can we do about it? The sixth international conference on city
logistics. Procedia social and behavioral sciences. Vol 2(3). The sixth international con-
ference on city logistics. Procedia social and behavioral sciences (pp. 6087-6096).

Dablanc, L., & Ross, C. (2012). Atlanta: A mega logistics center in the Piedmont Atlantic
Megaregion (PAM). Journal of Transport Geography, 24, 432-442.

Elldér, E. (2014). Residential location and daily travel distances: The influence of trip
purpose. Journal of Transport Geography, 34, 121-130.

European Commission (2011). White paper: Roadmap to a single European transport
area—Towards a competitive and resource efficient transport system. (Brussels).

European Commission (2013). A concept for sustainable urban mobility plans. Annex to
together towards competitive and resource-efficient urban mobility. (Brussels).

European Environment Agency (2019). Trends and projections in Europe 2019. Tracking
progress towards Europe's climate and energy targets. EEA report no. 15/2019.
Copenhagen: EEA.

Ewing, R., & Cervero, R. (2010). Travel and the built environment: A meta-analysis.
Journal of the American Planning Association, 76(3), 265-294.

Grenland, S. E. (2015). Kostnadsmodeller for transport og logistikk — basisdr 2012, T@I-report
1435/2015. Oslo, Norway: Institute of Transport Economics.

Hartoft-Nielsen, P. (2001a). Boliglokalisering og transportadfeerd [Residential location and
travel behaviour]. Hersholm: Forskningscentreet for skov og landskab.

Hartoft-Nielsen, P. (2001b). Arbejdspladslokalisering og transportadfeerd [workplace location
and travel behaviour]. Hersholm: Forskningscenteret for skov og landskap.

Hjorthol, R., Engebretsen, @., & Uteng, T. P. (2014). Den nasjonale reisevaneundersgkelsen
2013/14 — npkkelrapport [2013/14 National Travel Survey—key results]. (T@I-report
1383/2014).

Hovi, L. B. (2018). Varestrgmumer i Norge — en komponent i Nasjonal godsmodell [c dity
flow matrices for Norway as of 2016]. T@I-report 1628/20180slo, Norway: Institute of
Transport Economics.

Jong, G. de, M. Ben-Akiva, J. Baak and S.E. Grgnland, 2013. Method report—Logistics
model in the Norwegian National Freight Model System (version 3), Significance- &
SITMA-report, project 12028, retrieved from http://www.ntp.dep.no/
Transportanalyser/Transportanalyse + godstransport/_attachment/526626/binary/
8478337 _ts=14135402fc8.

Jonkeren, O., Francke, J., & Visser, J. (2019). A shift-share based tool for assessing the
contribution of a modal shift to the decarbonisation of inland freight transport.
European Transport Research Review, 11(8), 1-15.

Koc, C., Bektas, T., Jabali, O., & Laporte, G. (2015). The impact of location, fleet com-
position and routing on emissions in urban freight distribution. CIRRELT-report
2015-33. Interuniversity Research Centre on Enterprise Networks, Logistics and
Transportation.

Kolshus, K. (2015). Samferdsel og Miljp 2015, utvalgte indikatorer for samferdselssektoren
[Transport and environment, selected indicators for the transport sector]. Statistics
Norway report 34/2015Norway, Oslo: Statistics.

Krizek, K., Forsyth, A., & Slotterback, C. S. (2009). Is there a role for evidence-based
practice in urban planning and policy? Planning Theory & Practice, 10(4), 459-478.

Lindholm, M. (2012). How local authority decision makers address freight transport in
the urban area. Procedia—Social and Behavioral Sciences, 29, 134-135.

Madslien, A., Steinsland, C., & Grenland, S. E. (2015). Nasjonal godstransportmodell. En
innfering i bruk av modellen, T@I-report 1429/2015. Oslo, Norway: Institute of
Transport Economics.

Ministry of Local Government and Modernisation (2014). Statlige planretningslinjer for
samordnet bolig-, areal- og transportplanlegging [National planning guidelines for
housing, land-use, and transport planning]. retrieved from https://www.
regjeringen.no.

Ministry of Transport and Communications (2017). Meld. St. 33 (2016-2017) Nasjonal
transportplan 2018-2029 [white paper 33 (2016-2017) National Transport Plan
2018-2029]. retrieved from https://www.regjeringen.no.

Monserud, J., & Brunvoll, F. (2011). Samferdsel og Milje 2011, utvalgte indikatorer for
samferdselssektoren [transport and environment, selected indicators for the transport

11

Cities 101 (2020) 102702

sector]. Statistics Norway report 27/2011Norway, Oslo: Statistics.

Naess, P. (2012). Urban form and travel behavior: Experience from a Nordic context.
Journal of Transport and Land-Use, 5(2), 21-45. https://doi.org/10.5198/jtlu.v5i2.
314.

Ness, P., Hansson, L., Richardson, T., & Tenngy, A. (2013). Knowledge-based land use
and transport planning? Consistency and gap between ‘state-of-the-art’ knowledge
and knowledge claims in planning documents in three Scandinavian city regions.
Planning Theory & Practice, 14(4), 470-491.

Naess, P, Strand, A., Wolday, F., & Stefansdottir, H. (2019). Residential location, com-
muting and non-work travel in two urban areas of different size and with different
center structure. Progress in Planning, 128, 1-36. https://doi.org/10.1016/j.progress.
2017.10.002.

Ness, P., Tennesen, A., & Wolday, F. (2019). How and why does polycentric workplace
location within a metropolitan area affect car commuting? Sustainability, 11(4), 1196.

Newman, P., & Kenworthy, J. (2015). The end of automobile dependence. How cities are
moving beyond car-based planning. Washington DC: Island Presshttps://doi.org/10.
5822/978-1-61091-613-4 7.

Nordtgmme, M. E., Bjerkan, K. Y., & Sund, A. B. (2015). Barriers to urban freight policy
implementation: The case of urban consolidation center in Oslo. Transport Policy,
44(C), 179-186.

Norwegian Environment Agency (2015). Miljsstatus — Miljginformasjon fra offentlige
myndigheter [status of the environment—Environmental information from public
authorities]. retrieved from http://www.miljostatus.no.

Norwegian Mapping Authority (2018). Land registry and cadastre. retrieved from https://
www.kartverket.no/en/Land-Registry-and-Cadestre/.

Nuzzolo, A., & Comi, A. (2015). Urban freight transport policies in Rome: Lessons learned
and the road ahead. Journal of Urbanism, 8(2), 133-147.

Oslo Municipality and Akershus County (2015). Regional plan for areal og transport i Oslo
og Akershus. [regional plan for land use and transport], Oslo.

Pinchasik, D. R., Hovi, L. B., Wangsness, P. B., & Tenngy, A. (2019). Environmental and
transport effects of warehouse relocationing: Evidence from Norway. Transportation
Planning and Technology, 42(1), 37-55. https://doi.org/10.1080,/03081060.2018.
1541281.

Rekdal, J., Hamre, T. N., Fliigel, S., Steinsland, C., Madslien, A., Grue, B., ... Larsen, O. L.
(2014). NTM6 — Transportmodeller for reiser lengre enn 70 km, Mgreforskning-report
1414. Molde: Mgreforskning.

Sakai, T., Kawamura, K., & Hyodo, T. (2015). Locational dynamics of logistics facilities:
Evidence from Tokyo. Journal of Transport Geography, 46, 10-19.

Statistics Norway (2013). Registrerte kjeretay 2012 [Registered vehicles, 2012]. https://
www.ssb.no/transport-og-reiseliv/statistikker/bilreg/aar/2013-04-24?fane = tabell #
content.

Statistics Norway (2017a). Register based employment statistics. Decoded at the Institute
for Transport Economics. retrieved from https://www.ssb.no/en/statbank/list/
regsys.

Statistics Norway (2017b). Folkemengde og befolkningsendringar [Population statistics].
retrieved from http://www.ssb.no.

Statistics Norway (2018). Klimagasser, etter kilde, energiprodukt og komponent
1990-2017 [Greenhouse gases, by source, energy product and pollutant,
1990-2017]. retrieved from https://www.ssb.no/statbank/table/08940.

Steinsland, C., Fridstrom, L., Madslien, A., & Minken, H. (2018). The climate, economic
and equity effects of fuel tax, road toll and commuter tax credit. Transport Policy, 72,
225-241.

Tenngy, A., Hansson, L., Lissandrello, E., & Nass, P. (2016). How planners' use and non-
use of expert knowledge affect the goal achievement potential of plans: Experiences
from strategic land-use and transport planning processes in three Scandinavian cities.
Progress in Planning, 109, 1-32.

Tenngy, A., @ksenholt, K. V., & Aarhaug, J. (2013). Miljeeffekter av sentral knute-
punktutvikling [environmental effects of central nodal point developments], T@I report
1285/2013.

Tenngy, A., @ksenholt, K. V., & Aarhaug, J. (2014). Transport effects and environmental
consequences of central workplace location. Transportation Research Procedia, 4,
14-24. retrieved from http://www.sciencedirect.com/science/article/pii/
52352146514002853.

Trondheimsregionen (2015). IKAP-2. Mdl, strategier og retningslinjer for arealutvikling i
Trondheimsregionen [IKAP-2 goals, strategies and guidelines for land use development in
the Trondheim region]. Trondheim: Trondheimsregionen.

UN Habitat (2013). Planning and design for sustainable urban mobility. Global report on
human settlements 2013. New York: Routledge.

Yin, K. Y. (2003). Case study research. Design and methods (3rd ed.). Thousand Oaks, CA:
Sage Publications.



