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Environmental and Transport Effects of Warehouse
Relocationing: Evidence from Norway

Abstract

Reducing traffic volumes and CO2-emissions from freight transport has proven difficult in
many countries. Although the increasing suburbanization of warehouses is seen as a
relevant land use trend, comprehensive analyses remain scarce. This study uses real data in
modelling transport, costs, environmental and modal effects from warehouse relocations
around Oslo and Trondheim (Norway). Results indicate that for Oslo, traffic performance
(ton-km), CO2-emissions, and transport costs increase following warehouse
suburbanization. For Trondheim, transport performance and CO2-emissions increase less,
while transport costs decrease marginally. We conclude that specific case characteristics
(geography and trade patterns) are important in determining the strength and direction of
effects, and expect that common concomitant developments (warehouse centralization and
consolidation) would lead to more pronounced results. Our findings confirm some, but
challenge other findings from the relatively scarcely available literature. Finally, the
study’s more general insights and observations can help advance similar analyses beyond
Norway.
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1. Introduction

Large-scale societal transformations are necessary if Norwegian climate objectives
are to be achieved. This has proven difficult within the transport sector, where
traffic volumes and greenhouse gas (GHG) emissions are steadily rising. Current
planning and land use theory claim that replacing centrally located warehouses with
urban development (housing, workplaces, shopping) will contribute to reduced
transport volumes and GHG-emissions in total. This understanding is often referred
to as the Dutch ABC-principle (Verroen et al., 1990). Despite a general agreement
on this hypothesis, comprehensive empirical studies remain scarce.

This study aims to bridge this gap by empirically investigating several important
mechanisms that affect GHG-emissions from transport, when centrally located
warehouses are relocated. Three of these mechanisms, after relocation to fringe-
locations, are 1) increased transport distances for city distribution, 2) changed
transport distances for long haul transports, and 3) modal changes, depending on
geographical locations of rail terminals and ports, and the relative cost of intermodal
transports given old and new warehouse locations. !

The way and extent to which these mechanisms act, and whether they affect GHG-
emissions, depends on the context. Using data from a commodity flow survey and
Foreign Trade Statistics, we define and investigate two cases of hypothetical
warehouse relocations from central locations to relevant locations at the outskirts
of cities (Oslo and Trondheim). For both cases, we define two scenarios. In scenario
i) warehouses are located at central locations (likely previous locations of the types
of firms in question), while in scenario ii) warehouses are located at the outskirts.
Using both the Norwegian National Freight Model, and a City Distribution Model,
we compare transport performance (ton-km), modal shares, and transport-related
GHG-emissions for the different scenarios, and discuss differences in results
between both models used. We then analyze and discuss which contextual factors
contribute to explain the effects and differences found, and compare results with
existing literature.

The current study will contribute to the literature by investigating and documenting
effects of land use and transport-system development on traffic volumes and GHG-
emissions with respect to the relocation of warehouses (for freight transport) within
the urban region. This issue is highly relevant as it is a part of on-going large-scale
urban development trends, it can strongly affect traffic volumes and GHG-
emissions, it is heatedly debated, and our knowledge of it is not well enough
documented. While this study’s analysis is based on Norwegian data, several
observations are made that apply more generally and will help advance similar
analyses for cases in other countries.

The remainder of this paper is organized as follows: section 2 discusses the
background and context for reducing GHG-emissions from transport in Norway,

! Relocations may also give rise to an indirect mechanism in the longer term: relocations open for urban
developments on the site, which may counteract urban sprawl tendencies and hence contribute to minimise
passenger road traffic. This indirect mechanism lies beyond the scope of this current paper.



followed by a review of the literature. Section 3 describes the methodology and
assumptions used in our analysis, while elaborate results are presented in section 4.
Section 5 provides a discussion and identifies avenues for further research, after
which section 6 concludes.

2. Background and literature

2.1 Objectives

Stopping traffic growth and reducing GHG-emissions from traffic are clear and
stated objectives in the Norwegian Parliament’s climate agreement, the Norwegian
National Transport Plan, and in many county- and municipal plans. A main strategic
objective is to steer developments of land use and transport-systems in directions
that contribute to reducing transport demand, to changing the modal split towards
less car use, and to reduce emissions from goods distribution (see e.g. European
Commission, 2011 & Transport Departments (Transportetatene), 2016).

Empirical studies during the last decades present overwhelming evidence that most
activities (e.g. housing, workplaces, shopping) generate less traffic, the more
centrally they are located (see e.g. Naess, 2012). Hence, in order to minimize car-
use and traffic volumes, activities attracting the most people (employees, visitors)
per square meter should be located in the most central parts of a city. For such
reasons, it is understood that area-intensive activities (such as warehouses) should
not be located in the more central parts of cities.

Based on such insights, there seems to be a relatively widespread agreement
regarding how land use and transport-systems ought to be developed in order to
reduce urban road traffic volumes: i) land use developments as central, urban
densification rather than sprawl; ii) physical and fiscal restrictions on road traffic;
iii) improved public transport services and improved conditions for walking and
cycling (see e.g. Downs, 1962; Stremmen, 2001; Banister, 2011; Naess, 2006,
2012).

2.2 Failing practice

Despite this widespread agreement, a long history of such planning efforts, and
initiatives intended to take developments in traffic-reducing directions, traffic
volumes have in practice only kept rising (EEA, 2006; Furu, 2010). GHG-emissions
from road traffic in Norway increased by 32% from 1990 to 2014, and road traffic
accounted for 19% of Norwegian GHG-emissions in 2014 (Statistics Norway,
2016).

An implementation gap thus seems to exist in practical policy. With respect to
factors explaining this gap, Tenney (2012) found that weaknesses in the knowledge
on how some combinations of land use and transport-systems developments affect
traffic volumes, and lack of relevant knowledge among professionals, are
important. Scientific knowledge can consequently be excluded or ousted from
planning processes (see also Krizek et al., 2009). This problem is aggravated by the



fact that several cause-effect relationships are counter-intuitive, and that different
mechanisms may be active simultaneously. The latter means that even if strategies
actually contributing to reducing traffic volumes are implemented (such as
improving public transport services), traffic volumes may still increase due to other
developments that contribute to traffic increases (e.g. urban sprawl or increased
road capacity). This can be highly confusing for non-specialists. It may contribute
to doubts, unfounded beliefs, and myths concerning how land use and transport-
systems developments affect traffic volumes, and may hamper transitions towards
more climate-friendly cities. These challenges particularly apply to complex issues
that are hard to investigate empirically and are not well enough documented, such
as the relocation of centrally located warehouses.

2.3 Literature

Indeed, when it comes to the location of warehouses, the academic literature
predominantly takes a logistics or supply chain perspective, by identifying locations
and route plans that minimize costs. This literature goes back to Weber (1909), who
studied the minimization of total travel distances between a set of customers and a
facility. Askin et al. (2014) refer to this problem as the Facility Location Problem
(FLP), and provide an overview of 29 FLP-studies with varying dimensions and
solution approaches. They then design a generic algorithm for optimizing the entire
supply chain system and minimizing total costs, including fixed location costs,
inventory costs, and transport costs.

Related to the FLP is the Location-Routing Problem (LRP). Prodhon and Prins
(2014) analyze 72 articles on LRP between 2007 and 2013, and discuss how the
LRP is a core decision in designing distribution systems. The location choice (e.g.
for a warehouse) is a strategic decision, while vehicle routing to serve customers
consists of tactical and operational decisions.

Despite established bodies of literature on both location and routing choices, only
few studies to date provide comprehensive analyses and evaluations of the
environmental and traffic effects of location choices (e.g. Nuzzolo and Comi,
2015).

One such example is Kog et al. (2015), who approach the LRP by looking at the
impact of warehouse locations, truck fleet composition, and vehicle routing on
emissions from urban freight distribution. The authors run a range of scenarios with
regards to e.g. warehouse costs and urban distribution of customers. In most
scenarios, they find that it is most cost and environmentally efficient to minimize
the number of warehouses and to locate them outside the city center, oftentimes in
the outer zones or suburbs. Although various authors claim that relocating
warehouses to suburbs results in higher emissions, Kog et al. (2015) find that for a
range of assumptions, this does not have to be the case.

Nuzzolo et al. (2014a) present a modelling framework for jointly simulating urban
logistics for shopping flows (consumers) and delivery flows (freight transporters
and retailers). They then test how land management can be used to improve the
efficiency of urban logistics systems, and run model simulations of shopping and



delivery flows for the midsize metropolitan of Padua in northern Italy. The authors
test three scenarios:

1) A large share of retailers is relocated from the city center and first ring, to
the second ring (larger outlets).

2) A large share of warehouses is relocated from the city center and second
ring, to the first ring.

3) A large share of retailers and warehouses from the city center and second
ring, relocate to the first ring.

For the first scenario, simulation results show a decrease in vehicle-km for freight
distributors, but an increase in consumer-km, resulting in a net increase in
equivalent vehicle-km of 2.9%. The second scenario resulted in a net reduction of
0.1% in vehicle-km, and scenario 3 in a net reduction of 12.7%, thus scoring best
in terms of emission reductions. However, isolated effects of centralization on one
hand (second ring to first ring), and sprawl on the other hand (city center to first
ring) are less clear. The three scenarios also resulted in changes to the distribution
between light, medium, and heavy vehicles (modal choice).

In Nuzzollo et al. (2014b), a similar simulation framework is discussed, again for
the city of Padua. While demographic and economic developments towards 2025
are assumed to be identical, scenarios differ in other respects: in the first two
scenarios, e-shopping increases moderately and dramatically respectively. In the
third scenario, e-shopping also increases dramatically, but in addition, a large share
of warehouse activity is relocated from both the city center and second ring to the
first ring, while a large share of retail activity is relocated from the second to the
first ring.

In this third scenario, the isolated effects of warehouse and retail relocation are a
reduction in vehicle-km of 3.5%, 5.2% and 8.6% from light, medium, and heavy
goods vehicles respectively. No change was observed in the number of vehicle-km
for private cars. However, again it is unclear whether these results are driven by
more or less centralization.

A different study is carried out by Allen et al. (2012), who investigate how
geographical, spatial, and land-use factors correlate with key variables for land
transport for 14 urban areas in the UK. The authors analyze their data in light of
several trends in commercial land use and warehousing in urban areas: de-
industrialization, spatial centralization of stockholding and the “squared root law of
inventory” (McKinnon, 2009), rising land prices and increasing traffic congestion,
and the suburbanization of warehousing (e.g. documented by Cidell (2010) for the
USA). As such, Allen et al. find that commercial and industrial land use patterns
affect the characteristics of freight transport, e.g. that larger urban areas have larger
proportions of internal road freight trips than smaller ones, and that warehouses
have become larger and increasingly suburbanized. The authors also find that trips
within urban areas are less efficient (fewer ton per trip) than trips to and from urban
areas, and that trips from urban areas are less efficient than trips to urban areas.
Finally, the authors find that transport intensity (kilometers per ton lifted) is lower
within urban areas than to and from urban areas.



2.4 Trends

The study by Allen et al. (2012) points out that the suburbanization of warehouses
is part of a trend, and that relocated warehouses are often larger than original
warehouses. This is largely due to lower land prices and opportunities for spatial
centralization, for example by replacing multiple regional warehouses by one
larger, central warehouse, when the cost savings of doing this compensate for
potentially higher transport costs.

Dablanc and Rakotonarivo (2010) also observe this suburbanization trend, in
studying how parcel and express terminals have gradually moved from central
locations in Paris, to the outer suburbs, from the 1970s. The authors call this
suburbanization “logistics sprawl”. For the 17 largest parcel and express transport
companies, the standard distance from terminals to the center of Paris increased
from 5 km to 16 km between 1974 and 2008. On average, this logistics sprawl has
led to an increase of 400 vehicle-km per terminal per day, resulting in about 15,000
tons of additional CO, per year for deliveries in Paris. While not negligible, this
effect seems marginal compared to the 6.45 million tons of CO2 emitted from
freight transport in Paris annually (Mairie de Paris, 2007).

Sakai et al (2015) follow studies like Dablanc and Rakotonarivo (2010), Dablanc
and Ross (2012), and Dablanc et al. (2014), and find that, for Tokyo, the average
distance between logistics facilities and the city center has increased by 2.4 km
between 1980 and 2003 (4.1 km excluding the coastal area). The authors not only
find an increase in the average distance for “last-mile-delivery”, but also an increase
in the average distance for the entire shipment. Based on the Tokyo Metropolitan
Freight Surveys, they calculate the optimal location for logistics facilities that
minimizes the distance from shipments’ origins to their destinations. It turns out
that the difference between the optimal locations of facilities and their actual
locations increases as their distance from the city center increases. However, several
exceptions also suggest that many facilities are located close to their optimal
location, even if this is far from the city center.

3. Methodology and assumptions

The above discussion identified gaps in the understanding of the effects on traffic
volumes and GHG-emissions with respect to the relocation of warehouses (for
freight transport) within the urban region. As this study aims to bridge some of these
gaps, this section will first provide background on the data used in our analysis. We
then discuss and illustrate the selection of relevant cases and scenarios. This is
followed by a description of our method of analysis. Finally, we discuss the models,
characteristics, and assumptions used in our analysis.

3.1 Data

The foundation of this paper is formed by raw data from the most recent Norwegian
Commodity Flow Survey (CFS), which was carried out by Statistics Norway in
2015, and maps domestic commodity flows (measured in tons, value, and number



of shipments) originating from a sample of firms in the manufacturing and the
wholesale trade industries in 20/4. In addition to this sample, Statistics Norway
collected data on all deliveries for the 20 largest freight forwarders in Norway. This
addition yields data on deliveries for many more firms (and industries) than the ones
mentioned above. In total, the CFS contains data on approximately 12,000
delivering firms or 49 million shipments. Commodity flows are mapped at post
zone level for both the originating and receiving firm. Since the survey is based on
a stratified sample, Statistics Norway imputed freight flows for missing firms, based
on information about domestic turnover and delivery patterns from neighboring
firms within the same industry. However, since we consider data for selected cases
(more below), we use real data at the firm level. Because the CFS only maps
outgoing freight flows, it is necessary to include both firms in the study areas, and
externally located firms, from which deliveries to the study areas originate, to
capture the full effects of any changes.

3.2 Case selection

In order to analyze the mechanisms described earlier, we are interested in
(particularly) somewhat larger distribution firms in the urban regions of Oslo and
Trondheim, for which relocations to fringe locations could be a relevant issue. By
this, we mean that they have a history of ‘recently’ (2008-2014) moving to a fringe
location, or have newly been established at such a location.

We therefore used Statistics Norway’s firm registry (bedrifts- og foretaksregister)
to identify combinations of relevant manufacturing and wholesale trade industries
(NACE-classifications 10-39; 46) and relevant fringe locations, for which
municipalities have facilitated for the presence of firms from these industries.?
Figures 3.1.a and 3.1.b illustrate locations of ‘newly’ established warehouses in the
Oslo and Trondheim regions between 2000-2013. These figures indicate that newer
developments take place mostly towards the outskirts of the urban regions (and
often yield easy access to the E6-highway), while the current stock of warehouses
is predominantly located centrally in the urban areas (not shown here).

2 The firm registry includes data on, amongst others, firm names, industry classification (NACE), location,
number of employees, registration number, year of establishment, etc.

3 I.e. Akershus county, municipalities Enebakk, Frogn, Gjerdrum, Lerenskog, Nes, Nittedal, Oppegérd,
Ralingen, Skedsmo, Ski, Serum, Ullensaker, Vestby and As for the Oslo case; the Heimdal district for the
Trondheim case.
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Figure 3.1.a. Locations of ‘newly’ established warehouses in the Oslo region.
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Figure 3.1.b. Locations of ‘newly’ established warehouses in the Trondheim region.



After identifying relevant current locations, we used the firm registry to also
identify relevant previous, more central locations. Due to confidentiality reasons,
we couldn’t directly match commodity flows and firms, and therefore limited our
CFS-dataset to commodity flows to/from localizations of relevant industries. This
data-subset was then used for the analyses in this study. The relocations included
in this study are illustrated in figure 3.2.

Xt A
i o
{ 4
T “

N I Praray
Figure 3.2. Analyzed relocations in the Oslo region (left panel) and the Trondheim
region (right panel). Blue points indicate locations before moving, red points
indicate locations after moving, dimensioned by number of firms.

3.3 Scenarios

As mentioned before, we defined two cases for both scenarios. In scenario i)
warehouses are assumed to remain at central locations (likely previous locations of
the types of firms in question), while in scenario ii) these same warehouses have
been moved out to locations at the outskirts (their current locations).

3.4 Analysis

In our analysis we distinguish between effects on long-haul transport, city
distribution, and modal split. In doing so, we employ two models. Both models use
the same set of commodity flows (PC-matrices) as input, but at different levels of
aggregation.

3.5 Long-haul transport: National freight model

Long-haul transport and modal split are most suitably analyzed using a national
freight model (NFM) developed for Norway (de Jong et al., 2013; Grenland, 2015;
Hovi, Caspersen and Grue, 2015; Madslien et al., 2015). This model allows for
assessing how changes in locations (the scenarios) affect transport costs, modal
choices, and transport performance (ton-km and vehicle km) both domestically, and
for import and export. The model looks at aggregate yearly commodity flows, based
on which optimal delivery frequencies, shipment sizes, and transport chains are
calculated that minimize yearly logistics costs. An extension to the model
additionally allows for estimating effects on CO2-emissions, based on modal splits
and the CO2-intensities per ton-km for the different modes of transport.



The national freight model geographically divides Oslo and Trondheim into 12 and
8 zones respectively. While this is sufficient for analyzing long-haul effects and
modal splits, it is too broad for properly capturing changes in distribution transport
to/from warehouses in the urban area.

3.6 City distribution: detailed geographic level

Primarily to analyze the effects on city distribution, we therefore developed an
Excel-based City Distribution Model (CDM), based on the CFS. Compared to the
NFM, this model employs a geographically more detailed zone system, and divides
Oslo and Trondheim in 60 and 24 zones respectively, while also covering the
suburbs and the rest of the country. Because the same system is used in the
Norwegian National Passenger model (see e.g. Steinsland and Fridstrem, 2014),
appropriate distance matrices for road transport are easily accessible. Another
difference with the NFM is that the CDM utilizes data for individual shipments,
rather than aggregating them.

In the CDM, we distinguish between outgoing and incoming deliveries and between
locations before and after relocation. The vehicle-independent number of ton-km is
calculated by multiplying the distance of a shipment with its weight. CFS-data on
goods category and volume are used to derive the most likely vehicle for a delivery,
and consequent calculations then make use of the characteristics of this assigned
vehicle (capacity given goods type, distance, time, (un)loading costs, fuel
consumption and consequently, CO2-emissions).

Forwarding costs are calculated by multiplying distance- and time-specific vehicle
costs, while taking into account that vehicle capacity is not always fully utilized.
Where relevant, we also took ferry costs into account. (Un)loading costs were
calculated similarly, based on vehicle-specific cost factors.

Vehicle-km were calculated by dividing the number of ton-km of a delivery by the
vehicle’s capacity, taking into account the goods type transported, again under the
assumption that vehicles are not always filled to capacity.

Finally, CO2-emissions were calculated by multiplying vehicle-km by the vehicle
specific fuel use, the number of vehicles per delivery, and a constant of 2.62 kg
CO2 per liter diesel.*

While the CDM was primarily developed to analyze effects at the level of the urban
region, its extended design allows for comparisons with the NFM at the national
level.

3.7 Foreign trade

Besides effects from warehouse relocations through domestic deliveries (captured
using the Norwegian CFS), relocations also affect transport for foreign trade. This
was analyzed by identifying firms in relevant origin/destination postcodes, and

4 This takes into account the mandatory blending in of biodiesel in Norway. See e.g. Pinchasik and Hovi (2016)



relating this information to data from the Norwegian Foreign Trade Statistics on
shipment-level. These data could only be analyzed using the NFM, and results are
limited to effects on transport performance, mode choice, and CO2-emissions. For
transport costs, the NFM did not allow for a distinction between costs accruing
within and outside Norway.

4. Results

4.1 Introduction

The main focus of this study is the effect of warehouse relocations on transport
performance and CO2-emissions as a result of the three main mechanisms
described. In discussing our results, we distinguish between the cases for Oslo and
Trondheim. We further distinguish between deliveries covering relatively short
distances for which modal choices other than road are unlikely (given the industries
and goods categories analyzed), and long-haul deliveries. This distinction is
illustrated in figure 4.1.> Where possible, result tables in this chapter show results
from both the NFM and the CDM. As effects through foreign trade could only be
calculated using the NFM, these results are only presented for the NFM.
Consequently, totals combining effects from domestic trade and foreign trade are
necessarily also only available from the NFM.

5 For the Oslo case, shorter distance/likely road transport is considered to include the counties @stfold,
Akershus, Oslo, Hedmark, Oppland, Buskerud, Vestfold, Telemark and Aust-Agder, and for the Trondheim
case the counties Hedmark, Oppland, Mere og Romsdal, Ser-Trendelag and Nord-Trendelag.
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Figure 4.1. Norway divided by counties. For green counties (red counties),
transport to/from Oslo (Trondheim) is predominantly done by road. Striped
coloring indicates an overlap: for these counties, both transport to/from Oslo, and
transport to/from Trondheim is most likely done by road.

4.2 Transport performance (ton-km)
4.2.1. Oslo

In both the NFM and the CDM, transport performance is calculated by multiplying
the distance and weight of shipments. For the Oslo case, Table 4.1 presents results
before and after warehouse relocations, for both models, and also includes effects
through foreign trade.



Change

Table 4.1. Comparison of transport performance before and after warehouse
relocation (Oslo), divided by model used and county subsets. Figures in 1,000
ton-km per year.

DOMESTIC FOREIGN TOTAL
Short distance / ~ Long-haul / other All counties Foreign Total
likely mode = modes also likely trade domestic
road (CFS) +
foreign trade
NFM CDM NFM CDM NFM CDM NFM NFM
Before relocation 54,074 53,733 257,036 250,064 311,044 303,797 58,612 369,656
After relocation 55,290 56,283 261,013 254,531 316,315 310,814 56,728 373,043
1,216 2,550 3,977 4,467 5,271 7,071 -1,884 3,387
2.25% 4.75% 1.55% 1.79% 1.69%  2.31% -3.31% 0.92%

%-change

Several points can be noted from these results. First of all, both models show that
the relocation of warehouses leads to an increase in the transport performance from
domestic trade of several percent. Secondly, this increase is observed for both
shorter distance transport (2.25-4.75%), and for long-haul transport (1.55%-
1.79%), although relative increases are somewhat larger for shorter distances.
Thirdly, estimates on transport performance tend to be slightly higher in the NFM
than in the CDM. This is due to the fact that the CDM uses more geographically
detailed distances and weighs these distances more accurately than the NFM.

For the foreign trade part, however, transport performance decreases by over 3%.
Combining effects through domestic and foreign trade, the relocation of warehouses
therefore results in a transport performance increase of just under 1% in the Oslo
case. Causes for the decrease in transport performance through foreign trade are
discussed in more detail in the upcoming section on modal shares.



4.2.2. Trondheim
For the Trondheim case, results are presented in Table 4.2.
Table 4.2. Comparison of transport performance before and after warehouse

relocation (Trondheim), divided by model used and county subsets. Figures in
1,000 ton-km per year.

DOMESTIC FOREIGN
Short distance / Long-haul / other All counties Foreign

likely mode =road  modes also likely trade

NFM CDM NFM CDM NFM CDM NFM
Before relocation 2,546 3,207 33,656 35903 39,880 39,111 26,103
After relocation 2,522 3,195 33,643 35,850 39,858 39,045 26,345
Change -24 -13 -13 -53 -22 -66 242
%-change -0.94% -0.40% -0.04% -0.15% -0.06% -0.17% 0.93%

Compared to Oslo, the relocation of warehouses in the Trondheim region results in
smaller effects, and minor reductions in traffic performance through domestic trade.
With reductions of 0.40%-0.94%, relative effects are somewhat larger for short
distance shipments than for long-haul ones.

Several explanations can be provided for these results being less pronounced than
for Oslo. As is seen from Figures 3.1. and 3.2. above, relocations in the Oslo region
take place mostly to locations east of the city. For many deliveries with origin or
final destinations in the city of Oslo, relocations therefore introduce extra distances
or diversions to existing delivery routes. Compared to Trondheim, the relocation
distance is also generally somewhat larger, which also implies somewhat larger
effects. In addition, for Trondheim, the lion’s share of deliveries comes from, or
goes to places south of Trondheim. Firms moving from more central locations in
Trondheim, to Heimdal, essentially move along an existing transport route, thus not
adding much extra distance.

For the foreign trade part, however, transport performance in the Trondheim case
increases somewhat (0.93%). As foreign trade constitutes a non-negligible part of
total trade, the total effect therefore amounts to a marginal increase in transport
performance (0.33%).

TOTAL

Total
domestic
(CFS) +
foreign trade

NFM
65,983
66,203

220
0.33%



4.3. Modal shares

After presenting changes in transport performance, this section discusses
underlying causes and modal shares.®

4.3.1. Oslo

For Oslo, the NFM indicates that virtually all shorter distance transport is done by
road. Long-haul transport is also predominantly done by road (+£90%), and the
relocation of warehouses only causes very marginal increases (decreases) in the
share of road and sea transport (rail transport).

Changes in modal shares are much more pronounced for the foreign trade part:
while the share of rail transport increases only marginally, the share of road
transport increases from 24.9% to 30.6%, largely at the expense of maritime
transport. This is also where explanations for the decrease in transport performance
through foreign trade have to be sought: firstly, the relocation of some warehouses
means that shipments can arrive through different ports (e.g. Moss), for which
shipping distances are shorter. Secondly, for firms relocating in northern direction,
the distribution distance from intermodal terminals increases. Thirdly, relocations
further away from ports may lead to goods flows shifting from ship to road, and
fourthly, relocations in the direction of Sweden imply shorter domestic distances
for some import and export, and therefore a decrease in transport performance.

Zooming in on road transport, we find that the NFM has a tendency to assign
shipments to larger vehicles, relative to the CDM, on shorter distance shipments.
This tendency is even more pronounced after relocation, and is one reason for the
NFM arriving at lower transport costs than the CDM. With the transport
performance of short distance deliveries making up ca. 17% of total transport
performance in the Oslo case, this difference is non-negligible. For long-haul
shipments, the NFM and CDM assign virtually all road transport to equivalent large
vehicles, and warehouse relocations only cause marginal changes.

6 Shares across different modes can only be derived from the NFM, as the EM only allows for road transport.



4.3.2. Trondheim

For Trondheim, short distance transport is predominantly done by road (£90%).
Compared to the Oslo case, maritime transport now makes up a share of almost
10%, while short distance transport by rail is virtually non-existent. For long-haul
shipments, in turn, road transport makes up roughly two thirds of domestic transport
performance, with maritime and rail transport having shares of 16%-17%. Same as
in Oslo, the relocation of warehouses only leads to marginal changes in modal
shares for domestic trade.

Unlike for Oslo, where modal changes for the foreign trade part were quite
dramatic, such changes are not found for Trondheim. The shares of road transport
(ca. 6.5%) and rail transport (ca. 8%) increase only marginally, and the share of
maritime transport also only changes marginally. This also explains why changes
in transport performance through foreign trade in the previous sections were
relatively minor.

When exclusively looking at road transport in the Trondheim case, the NFM anew
tends to assign short distance shipments to larger vehicles than the CDM does.
Again, this will be one of the reasons for the NFM showing higher transport costs
than the CDM (the other main reason being Trondheim’s geographical
characteristics). However, for Trondheim, shorter distance deliveries make up less
than 7% of total transport performance, so that effects will be smaller. For
Trondheim, vehicle assignment on long-haul shipments is close to identical in the
NFM and CDM, and just like for Oslo, warehouse relocations only cause very
marginal changes.

4.4. CO2-emissions
4.4.1. Oslo

When it comes to CO2-emissions, calculation approaches between the models
differ. By basing CO2-estimates on the number of ton-km, the NFM assumes fixed
average capacity utilization rates for different modes. As described before, the
underlying capacity utilization in the CDM can vary for different shipments, as the
model uses data on shipment-level, rather than calculating optimal shipment sizes
and frequency per year (like the NFM). Despite these differences, both models
indicate that total CO2-emissions from domestic shipments increase when relevant
warehouses are relocated (Table 4.3).



Before relocation

After relocation

Change

%-change

Table 4.3. Comparison of CO2-emissions before and after warehouse relocation
(Oslo), divided by model used and county subsets. Figures in ton CO2 per year.

DOMESTIC

Short distance / =~ Long-haul / other

likely mode = = modes also likely
road
NFM  CDM NFM CDM
6,702 6,999 28,186 25,337
6,875 7,445 28,830 25,790
173 445 644 453
2.58% 636% 2.29% 1.79%

FOREIGN TOTAL
Foreign Total
All counties trade (z(ér;lgitf
foreign trade
NFM CDM NFM NFM
34,879 32,336 1,757 36,636
35,717 = 33,235 1,922 37,639
839 899 165 1,003
240% 2.78% 9.41% 2.74%

Although absolute numbers differ somewhat between the models, this effect
persists both for shorter distance and long-haul deliveries. Again, relative increases
are highest for shorter distance deliveries (2.58%-6.36% vs. 1.79%-2.29%). The
relatively higher increase in CO2-emissions for shorter distance shipments in the
CDM can be explained by the CDM assigning a larger share of deliveries to smaller
vehicles than in the NFM (see the previous section).

For the foreign trade part, CO2-emissions increase as well, despite the reduction in
transport performance. The total effect from the relocation of warehouses therefore
amounts to an increase of CO2-emissions of just under 3%. The cause for this
increase lies with the changes in modal shares discussed above: as the share of road
transport increases at the expense of maritime transport, average CO2-emissions

per ton-km increase.

4.4.2. Trondheim

In the Trondheim case, the effect of warchouse relocations on CO2-emissions is

relatively small (Table 4.4).



Table 4.4. Comparison of CO2-emissions before and after warehouse relocation
(Trondheim), divided by model used and county subsets. Figures in ton CO2 per
year.

DOMESTIC FOREIGN TOTAL
Short distance /  Long-haul / other All counties Foreign Total
likely mode =road modes also likely trade domestic
(CFS) +
foreign trade
NFM CDM NFM CDM  NFM CDM NFM NFM
Before relocation 285 357 3,055 3,172 3,417 3,529 543 3,960
After relocation 282 356 3,066 3,168 3,429 3,524 553 3,982
Change -2 -1 11 -4 12 5 11 22
%-change -0.84% -0.10%  0.36% -0.14%  0.34% -0.13% 1.95% 0.56%

While the NFM shows an increase in emissions of 0.34% for the country as a whole,
the CDM indicates a minor decrease of 0.13%. For the shorter distance deliveries,
CO2-emissions are estimated to decrease, but by no more than 0.84%, while for
long-haul transport, estimated effects are also very small (-0.14% to 0.36%).

For the foreign trade part, however, which is predominantly done over sea, CO2-
increase by just under 2 percent. The effect of domestic and foreign trade combined
therewith amounts to an emissions increase of 0.56%.

4.5. Transport costs

Estimating transport costs is often challenging because of imbalances in freight
flows in different directions. Consequently, transport modes are on average not
filled to capacity. In the NGM, this challenge is addressed through adjustments to
capacity utilization rates and by adding a mobilization distance for some specialized
modes, while the CDM addresses this challenge by capping capacity utilization
rates at 70%.

4.5.1. Oslo

Results on transport costs estimates differ significantly between the two models, as
both models employ their own cost functions and cost elements. In addition, the
assignment of deliveries to different modes plays a material role in the freight
model, with transport costs constituting an important factor. Together with the
NFM’s tendency to assign deliveries to larger vehicles, and to optimize the number
and size of deliveries, this leads to transport costs in absolute terms being
significantly lower in the NFM than in the CDM, which only allows for transport
by road. Another point worth mentioning is that for cost effects through foreign



trade, the NFM does not distinguish between costs accruing in Norway and costs
accruing abroad. Results are therefore limited to domestic trade.

Nevertheless, both models show that transport costs in the Oslo case increase as a
result of warehouse relocation. This increase is moderate in the NFM (0.32% and
1.35% for shorter distances and long-haul transport respectively, for a combined
increase of 0.97%). In the CDM, the increase in transport costs is more significant
(4.58% in total).

4.5.2. Trondheim

For Trondheim, results also differ significantly between the two models, for the
reasons described above. For Trondheim, however, both models show that transport
costs decrease as a result of warehouse relocation.

The NFM indicates a decrease of 0.50% on short distance shipments, and a decrease
of 1.36% for long-haul transport, for a combined decrease of 1.22%. The CDM, in
turn, indicates almost no change in transport costs, with decreases not exceeding
0.1%.

5. Discussion

Using modelling tools, rather than e.g. surveys asking firms about perceived
transport and CO2-effects of relocating, allows for a bottom-up approach to
calculating driving distances, fuel consumption, and CO2-emissions. The models
used in this study also make it possible to calculate isolated effects of warehouse
relocations on transport performance, costs, and CO2-emissions, and in doing so,
take into account full delivery patterns for the available sample.

To a certain extent, the NFM and CDM complement each other in doing so. An
important strength of the NFM is that it allows for modal shifts following
relocation, and includes maritime and rail transport, in addition to road transport.
This might also make its estimation of transport costs more realistic than in the
CDM, where road transport is the only mode considered, even when this is
considerably more expensive between certain origins and destinations.

A weakness of the NFM in the realms of this study, however, is its aggregated
geographical level. This particularly is a disadvantage when analyzing more local
effects. To that end, the CDM introduces a considerably higher level of
geographical detail, which particularly contributes to the analysis of effects in urban
regions.

As for the estimation of CO2-effects, the starting point in both models is the
transport performance, for which data is expected to be rather certain. While the
NFM then employs average CO2 emission factors per ton-km, the CDM takes into
account estimations on the capacity utilization of single shipments. In addition to
the higher level of geographical detail, this is expected to yield more precise



estimates on CO2-emissions, and thus also more precise comparisons of impacts
from different warehouse locations.

In addition to both models having their own characteristics, relevant differences
also exist at the case level. Firstly, the sample of deliveries in the Oslo case is much
larger, and is less likely to be influenced by a number of dominant firms potentially
accounting for a large share of the observations. Secondly, we saw that the
geographical location of Oslo and Trondheim and the locations of new warehouses
is less likely to yield large effects in the Trondheim case, than in the Oslo case.
Conclusions for the one case therefore don’t necessarily also apply to the other.

An important limitation of our study is the implicit ceteris paribus assumption:
except warehouse location, all else remains the same. In reality, however, the
relocation of warehouses often will allow for larger warehouses, due to lower land
prices, and the centralization of warehouses, for example by replacing several
regional warehouses by one, larger warehouse for the entire country, when cost
savings from centralization are higher than cost increases from longer transport
distances. This aspect will therefore likely lead to more pronounced effects than the
ones found in our analysis.

The relocation of warehouses also opens up for other urban developments, such as
housing, workplaces, or shopping. Avenues for further research could therefore
include analyses of traffic effects from different urban developments, to include
total effects of changed land use.

6. Conclusions and final remarks

For achieving wide-spread Norwegian objectives of stopping traffic growth and
reducing GHG-emissions, large societal transformations are required. Empirical
studies during the last decades overwhelmingly conclude that more centrally
located activities generate less traffic. For such reasons, it is understood that area-
intensive activities, such as warehouses, should not be located in the more central
parts of cities.

While locating people-intensive activities (such as housing or workplaces) in
central part of cities has received much attention in the literature, the (re)location
of warehouses has so far predominantly focused on logistics or supply chain effects,
rather than on environmental or traffic effects.

This study contributes to the literature by investigating and documenting effects of
land use and transport-system development on traffic volumes and GHG-emissions
with respect to the relocation of warehouses (for freight transport) within the urban
region. This is done by considering three mechanisms: 1) increased transport
distances for city distribution as warehouses relocate to fringe-locations, 2) changed
transport distances for long haul transports, and 3) modal changes, depending on
geographical locations of rail terminals and ports, and the relative cost of intermodal
transports given old and new warehouse locations and the delivery pattern for the
firm.



After identifying relevant cases and scenarios, we used data from Statistics
Norway’s Commodity Flow Survey and Foreign Trade Statistics as input in both
the Norwegian National Freight Model, and an own developed Excel-based City
Distribution Model with somewhat different characteristics.

Results from running these models indicate that, for the case of Oslo, transport
performance through domestic trade increases as a result of warehouse relocations.
Although a decrease in transport performance from foreign trade somewhat
compensates for this effect, transport performance in total is still indicated to rise.
At the same time, modal changes for domestic trade are marginal, and for the
foreign trade part indicate some shifts from sea to road and increased distribution
distances from intermodal terminals. All in all, warechouse relocations also cause
CO2-emissions to increase. The fact that a large part of this increase materializes in
the urban region suggests that urban areas could see relevant increases in local
emissions (e.g. NOx). Finally, for the Oslo case, also transport costs are indicated
to increase. Logistics costs in total may nevertheless go down due to e.g. lower land
prices outside the central areas or the centralization of stockholding.

For Trondheim, effects on transport performance are smaller (minor decreases for
domestic trade, a small increase through foreign trade, for a combined effect of
0.33%). Also, modal shares and CO2-emissions (+0.56% in total) change less than
in the Oslo case, while transport costs are indicated to decrease by 0.09-1.22% in
total. An important reason for these less pronounced effects can be that the relocated
warehouses are often placed close to main existing transport routes. This is an
important observation to keep in mind when extending or extrapolating results to
other cases.

All in all, our results stand in some contrast to findings by Kog et al. (2015), who
concluded that in most scenarios, it is most cost and environmentally efficient to
minimize the number of warehouses and to locate them at the outskirts. Although
Kog et al. consider total logistics costs, our study shows that for Oslo, at least the
transport part of costs in fact increases, while for Trondheim, transport costs
decrease only marginally. Moreover, and contrary to Kog et al., we find that
environmental emissions increase, rather than decrease, for both Oslo and
Trondheim.

Compared with Nuzzolo et al. (2014a and 2014b), our study focuses on isolated
effects from sprawl, rather than sprawl and centralization combined. While this
makes direct comparisons with those authors impossible, our approach is in line
with the “logistics sprawl” trend observed in both the literature (e.g. Allen et al,
2012 or Dablanc et al., 2014) and in this study itself.
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