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Abstract: Wider economic benefits resulting from extended geographical mobility is one
argument for investments in high-speed rail. More specifically, the argument for high-speed
trains in Sweden has been that they can help to further spatially extend labor market regions
which in turn has a positive effect on growth and development. In this paper the aim is to
cartographically visualize the potential size of the labor markets in areas that could be affected
by possible future high-speed trains. The visualization is based on the forecasts of labor mobility
with public transport made by the Swedish national mobility transport forecasting tool,
SAMPERS, for two alternative high-speed rail scenarios. The analysis, not surprisingly, suggests
that the largest impact of high-speed trains results in the area where the future high speed rail
tracks are planned to be built. This expected effect on local labor market regions of high-speed
trains could mean that possible regional economic development effects also are to be expected
in this area. However, the results, in general, from the SAMPERS forecasts indicate relatively
small increases in local labor market potentials.
Key words: infrastructure, region enlargement, commuting potentials.

1. Introduction
Geographic labor mobility is often considered to be essential for well-functioning labor markets.
This is because geographical mobility facilitates the workforce in sectors/regions affected by
negative labor market shocks to find alternative sectors/regions with positive development and
labor needs. This will enable the structural transformation of the economy and, ultimately,
national and regional growth. Geographic mobility may consist of either households moving or
individuals changing jobs, and thereby, their commuting distance to work. An increase in the
propensity to commute and increased commuting distances to work lead to larger functional
regions and is often named “regional enlargement”1.
A common way to measure or describe regional enlargement is to study the development of socalled "Local labor markets" (defined by Statistics Sweden (SCB)) 2, which is one of the regional
divisions that local and regional authorities use when they describe or analyze labor market
changes. This classification is based on commuting flows between municipalities. The fact that
people commute more and often longer, means a decrease in the number of local labor markets
over time (see SCB, 2010). This is one feature of "regional enlargement." A similar, but
alternative, way to describe local labor markets was developed by the former NUTEK (Swedish
agency for economic and regional growth). Their local labor market regions (LA regions) are a
modified version of the SCB local labor markets.
Since labor mobility can be economically significant, measuring how various alternative
infrastructure investments potentially contribute to regions’ functionality on the labor market is
important in planning transport infrastructure. One way would be to use the SCB or NUTEK
definition of local labor markets and to examine whether a particular action is leading to larger
and more geographically enlarged local labor markets. However, this is a rather blunt measure
when illustrating how geographical areas integrate with each other. The reason is that the these
1

But other definitions are of course also possible, e.g. regional expansion in terms of individuals that are willing to travel longer
distances to make purchases.
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However several different methods to define local labor markets based on commuting flows have been suggested
(e.g. Masser & Brown 1975, Coombes et al 1984, Kullenberg & Persson 1997, Karlsson & Olsson 2006).

local labor markets are (i) defined with aggregated commuting flows, and that (ii) there are
"threshold-values" on commuting flows that determine when one or more municipalities should
be assigned to one specific local labor market, and (iii) that a division is mutually exclusive. A
municipality can only belong to a local labor market. In addition, in a recent study by Landré and
Håkansson (2013) the Swedish method of analyzing commuting flows and defining local labor
markets has been compared to the bottom-up clustering method used in INTRAMAX3. In
comparing the two methods, it is clear that the Swedish method shows larger local labor
markets in the largest urban areas while it underestimates the size of the local labor market in
rural areas. Therefore it can be concluded that how Sweden would be divided into local labor
markets depends on the method used to analyze the commuting flows. However it is also
possible that an appropriate geographical division of Sweden's labor market consists of areas
that partially overlap each other. The idea of overlapping functional labor markets is also
supported by fairly well-established individual-based and action-oriented theories (Hägerstrand,
1970) and by aggregate economic geographical theory on the location of service centers in an
urban hierarchy with surrounding overlapping service areas (Christaller, 1966).
Wider economic benefits resulting from extended geographical mobility is one argument for
investments in high-speed rail (e.g. Kobayashi and Okumura 1997, Haynes 1997, Venables
2007). More specifically, the argument for high-speed trains in Sweden has been that they can
help further spatially enlarge labor market regions which in turn has a positive effect on growth
and development (see e.g. SOU 2009:74, p 22). In an investigation on the necessity for capacity
increases in transport infrastructure (Transport Administration 2012:100), among other
tentative investments objects, two scenarios where high-speed rail are built, US1 (investigation
alternative 1) and US2 (investigation alternative 2), were analyzed relative to a baseline option
(JA), consisting of the completion of currently planned infrastructure investments in the current
railway net. Both US1 and US2 are based on courses built for a maximum speed of 320 km/h.
US1 is mainly based on the scenario analyzed in the high commission's report (SOU 2009:74). In
this scenario, the new railway is integrated with the rest of the rail system, while courses in US2
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This method is explained and discussed in for instance Mitchell et al (2006)

are separated from the rest of the system. The routes of the trails also slightly differ in the two
scenarios, especially in Scania (see Figure 3a). The analyses of future commuting patterns in the
Transport Administration investigation 2012:100 is based on the forecasting tool SAMPERS (e.g.
Widlert 2001, Sveder 2001, Beser and Algers 2001) This tool gives the number individuals
traveling to work by different modes of transport between a large number of starting points
(about 9000), and destinations in 2030. These cost benefit analyses suggest that US1 and US2
are not economically profitable, but that the expected benefits of US2 can be as large as the
investment cost if some additional benefits such as regional development effects of about 3
billion Swedish kronor, are added.
This study aims to cartographically visualize the potential size of labor markets in areas affected
by high-speed rail. This visualization is based on forecasts of labor mobility with public transport
resulting from SAMPERS for US1, US2, and JA. There are three points deriving from this
visualization of potential effects. Firstly, the cartographic visualization complements
information, which is usually presented in tabular form, on how labor mobility is affected by the
investments. However, we also report in tabular form summarized statistics on labor mobility
for US1, US2 and JA to provide an initial illustration of the effects of high-speed railway for
different areas. Secondly, the visualization serves as an examination on whether the results
produced by SAMPERS is reasonable from a geographical point of view – do the increased labor
mobility occur where it could be expect? Thirdly, it provides information about where the
potential for future regional development effects mentioned above could occur. A limitation in
the cartographic analysis is that we do not take into account the transfer from commuting by
car to train, when high-speed trains are running. The implication is that this study probably
overestimates the geographical enlargement of the local labor markets due to high-speed
trains.
The basic idea of the method used in this report is to measure regional expansion at the
individual level, based on an individual's actual or projected commute to work. However, the
forecast from SAMPERS is the aggregated number of work trips between different pairs of socalled SAMS-areas (Small Areas for Market Statistics). Thus, we work with the sum of individuals
who travel between each pair of such areas. We do this in order to be able to illustrate the

geographic effects on travel to work that that would result from investments in high-speed
trains.
The paper is organized as follows. In section 2 we present the method of constructing the
cartographic illustrations of the effects of high-speed trains. The data from SAMPERS is briefly
presented in the form of tables in section 3. Since SAMPERS predicts travel for five different
regions these tables give a first regional illustration of where the effects are expected to occur.
In section 4 the potential effects of high-speed trains are illustrated by maps. Finally, in Section
5, we discuss the main results and suggest future developments of the method we used in this
project.

2. Methods
2.1 Maps
Travel can be visualized in maps in many different ways. One common way is to use so-called
"Choropleth maps" that show either gross flows into or out of a region, or the net flow to the
region4. Another common way is to use flow maps (see Figure 2 for a sample). Further, specific
characteristics of a transport system are often visualized with the help of accessibility measures,
no. of travelers, travel time, or available travel costs. The values of these measures are then
visualized in maps.
We based the maps in this report on labor market potential. We begin this section with a
general description of how this is done. Thereafter, we proceed to discuss how we used
estimates from SAMPERS of the number of future public transport passengers to construct
potential changes to the local labor market resulting from high-speed trains.
The method we used is based on the "potential geographical labor market" for each individual.
It is centered on the current location for each individual’s dwelling and it ignores the possibility
of changing residence. Since the tendency to migrate is lower than the propensity to change
jobs, this potential could be considered as a short term potential. By focusing on each
4

Choropleth comes from the Greece words choros and plethos and means place and value. Choropleth maps gives
values for places, for instances municipalities.

individual’s dwelling, we registered each individual’s commuting distances to work. The
commuting distance "reveal" how far he/she is willing to travel to work, given all of the other
factors affecting the journey to work: e.g. travel cost, travel time, job location etc. Here we
assume hypothetically that the direction of travel from the dwelling in itself is insignificant for
the individual, as well as that geography regarding location conditions for workplaces and
transportation costs is "homogeneous" in all directions, then the individual would be able to
undertake similar trips in all direction around his/her dwelling. This implies that a potential
individual local labor market can be constructed around each individual’s dwelling in the form of
a circle. These potential individual local labor markets will overlap each other in various degrees
in space. An individual’s potential local labor market will cover some locations, while many
individuals’ potential local labor markets will overlap each other and cover other locations.
Summarizing and mapping the individuals’ entire potential local labor markets in different
locations constructs a visual image of the density of the potential labor market across space. We
refer to this summary of individual local labor markets as the aggregated labor market potential
or, for simplicity, the labor market potential. Note that this is defined per kilometer square in
what follows.
Figure 1 to 2 visualizes the establishment of the potential labor market. A person's work trip can
be described by a geographical distance, which in this case is the distance between the person’s
residence and work place. This is illustrated in Figure 1, which show all of the geographical
relationships between the residences and work places of a 20 percent sample of unidentified
individuals in Dalecarlia in 1998. Commuting flows where several individuals have the same
geographical relationship are aggregated into thicker and darker lines.
To illustrate the potential local labor market for each individual, we drew a circle around each
individual’s residence with the radius equal to his/her revealed commuting distance. This is
illustrated in Figure 2a. The figure shows a varied overlap of potential individual labor markets
across space in Dalecarlia. It is obvious that the number of people who potentially have the
opportunity to reach different geographical locations varies in the space.

Figure 1. Illustration of commuting flows between SAMS-areas in Dalecarlia in 1998. (The darker the line
the more commuters). Source: Own processing of data from Statistics Sweden (SCB).

Figure 2a-b. Potential individual local labor markets (a), and the number of overlapping potential individual
local labor markets in Dalecarlia 1998 (b). Source: Own processing of data from Statistics Sweden (SCB).

To specifically visualize geographically variations in the overlapping of potential individual local
labor markets we created a grid with pixels of 1 kilometer by 1 kilometer squares and added this
as a new layer to Figure 2a (the grey square). By summing the number of individual overlapping
hinterlands in each square in the raster we constructed a map visualizing how potential
individual local labor markets overlap in space. Locations with similar numbers of overlapping
potential individual local labor markets could be bound together with isarithm. Doing this for
several different numbers led to the construction of an isarithm map. This is illustrated in Figure
2b. Figure 2b reveals clear geographical variation in how the number of individual local labor
markets overlap in Dalecarlia.
So far we have based our review on how the visualization is constructed in this study on
historical data of where the individuals lived and worked as well as their revealed commuting
distances. However, the focus of this study is based on forecasts of aggregated future
commuting patterns made with the spatial mobility forecast system, SAMPERS (see Beser
Hugosson and Algers, 2002). However, the principles in creating potential local labor market
areas are similar to those described above.
The geographical division used in SAMPERS corresponds with the Small Areas for Market
Statistics (SAMS), which is about 9 000 in Sweden. The geographical mobility estimates from
SAMPERS refers to the number of commuters travelling to work between pairs of SAMS-areas,
where one area is equivalent to the location of the individual’s residence (origin) and where the
second area corresponds with the location of the individual’s workplace (destination). For each
"origin-destination pair" (OD-pair) with a forecasted commuting of more than zero, we drew a
circle around the "origin" with a radius equal to the Euclidean distance between "origin" and
"destination". The number of circles for each "origin" was, thus, equal to the number of
destinations of which the projected commuting relations were larger than zero. The "height" of
each circle represented the forecasted number of travelers in a specific OD-pair. This was done
for each OD-pair. In Section 4, we will visualize local labor market potentials in different
locations 1 kilometer apart for the different SAMPERS evaluated railway alternatives: JA, US1
and US2, as well as the forecasted changes in local labor market potentials between JA and US1,
along with, JA and US2 respectively.

2.2 SAMPERS and the data
Figure 3a shows current railway network as well as major towns and cities in Sweden. Figure 3b
also shows the two planned high-speed railway tracks (US1 and US2) as well as the location of
some of the specific cities that is mentioned in the text later on. In this study the two high-speed
train alternatives are evaluated against JA (baseline option) which includes all those investments
that are already planned and decided for in the whole railway network of Sweden. The effects
of the high-speed trains are estimated in SAMPERS, which is a forecast system for passenger
transportation mobility in Sweden

Figure 3a-b. Current railway net and major towns in Sweden (a) and planned high-speed railway tracks
(b).

In SAMPERS, transportation in Sweden is organized and forecasted for five separate regions.
These regions and their names are shown in Figure 4. Each region is connected to the other

regions by commuting to a relatively small number of SAMS-areas in the neighboring regions.
We had access to data for both passenger trips by public transportation means and by car.

Figure 4. Forecast regions in SAMPERS (The points are the geographical centroids of the SAMS-areas.
The regional affinity of each centroid is shown by their grey shading).

3. Commuting forecasts by region
In this section we present descriptive statistics on work trips for each of the five regions in order
to highlight major regional differences and similarities. In addition, we provide statistics for: the
year 2006, JA, and for the two alternative high-speed railway solutions (US1 and US2) to get a
picture of the differences between the current situation and planned infrastructure in the
future. Note, however, that the 2006 data are not used later in the paper.
Table 1a presents statistics on the number of work trips in the region North. As indicated in the
first row, the number of trips in 2006 was estimated to be about 749,000. Of these, 89% were
trips by car, and 11% were by public transport (bus and train). The average trip was 13.2 km
long (the Euclidean distance). In addition, the table shows that the trips by public transport
modes were, on average, 8.7 km longer than trips by car. The numbers on the last line are
merely control numbers of how many observations (OD-pars) estimated to have had a strictly
positive number of travelers in northern Sweden in 2006.
Table 1a. Statistics of work trips between SAMS-regions in region North.
2006

2030 JA

2030US1

2030US2

Total no. of trips

749 205

862 652

862 754

862 722

Total no. of trips with car

669 994

766 285

766 113

766 175

(Share of total no. of trips)

(0.89)

(0.89)

(0.89)

(0.89)

Total no. of trips with
public transport modes

79 211

96 367

96 641

96 547

(0.11)

(0.11)

(0.11)

(0.11)

Average travel distance
(km) for all trips

13.2

16.1

16.2

16.2

Average travel distance
(km) for trips with car

12.3

15,.3

15.3

15.3

Average travel distance
(km) for trips with public
transport modes

21.0

22.8

23.1

22.9

501 607

598 811

599 028

599 055

(Share of total no. of trips)

Total amount of ODrelations with trips > 0

Forecasts for JA in 2030 for region North suggests that the number of work trips will increase to
nearly 863,000. The proportions of car or public transport travel will not change between 2006
and 2030. However, the travel distance for both car and public transport travel will increase.
Forecasts for high-speed trains (US1 and US2) suggest marginal effects on travel to work in
northern Sweden. This is reasonable considering that the high-speed rails under investigation
are planned for construction in the southern parts of Sweden.
Table 1b presents the same statistics as in Table 1a regarding the number of work trips but for
the region East. In the table, the number of trips in 2006 was estimated to be about 860,000. Of
these, 68 per cent were trips by a car and 32 per cent were trips using some public transport
modes. The average trip was 12.4 km long (the Euclidean distance). In addition the trips by
public transport modes were on average 1.6 km longer compared to trips by car.
Table 1b. Statistics of work trips between SAMS-regions in region East.
2006

2030 JA

2030US1

2030US2

Total no. of trips

860 161

1 004 237

1 004 585

1 004 595

Total no. of trips with car
(Share of total no. of trips)

592 449
(0.68)

679 632
(0.68)

678 990
(0.68)

678 980
(0.68)

Total no. of trips with
public transport modes
(Share of total no. of trips)

267 712
(0.32)

324 605
(0.32)

325 594
(0.32)

325 615
(0.32)

Average travel distance
(km) for all trips

12.4

14.7

14.8

14.8

Average travel distance
(km) for trips with car

11.9

14.8

14.8

14.8

Average travel distance
(km) for trips with public
transport modes

13.5

14.6

15.0

15.0

3 003 951

3 701 816

3 744 187

3 736 601

Total amount of ODrelations with trips > 0

The forecast for JA 2030 in East suggests that the number of work trips will increase to over a
million. The proportion of travel using cars or public modes will not change between 2006 and
2030. However, travel distances for travel both by cars and public transport modes will increase.
Note however, that it is estimated that the increase for car trips is somewhat larger compared

to estimated trips on public transport modes. This difference is expected to lead to a shift in
which car trips to work become longer than trips using public transport modes to get to work.
The effects of building high-speed trains on work trips in East seem to be small, according to
both high-speed train forecasts (US1 and US2). For instance, the number of trips on public
transport is expected to increase by about 1,000 (0.3 per cent) in US1 and just over 1,000 (0.3
per cent) in US2. The differences between JA and US1 and US2 in average travel distances do
not seem to be significantly affected.
Table 1c presents the number of work trips for the region Southeast. It shows that the number
of work trips in 2006 was estimated to be about 1,146,000. Of these, 87 per cent were trips by
car, and 13 per cent were trips on public transport modes. The average trip length was 12 km
(the Euclidean distance). The table also reveals that the trips on public transport modes on
average were 4.6 km longer than trips made by cars.
Table 1c. Statistics of work trips between SAMS-regions in region Southeast.
2006

2030 JA

2030US1

2030US2

1 145 908

1 386 954

1 388 062

1 388 274

Total no. of trips with car
(Share of total no. of trips)

991 669
(0.87)

1 186 585
(0.86)

1 184 605
(0.85)

1 184 254
(0.85)

Total no. of trips with
public transport modes
(Share of total no. of trips)

154 239
(0.13)

200 369
(0.14)

203 456
(0.15)

204 020
(0.15)

Average travel distance
(km) for all trips

12.0

14.3

14.4

14.4

Average travel distance
(km) for trips with car

11.4

14.0

14.0

14.0

Average travel distance
(km) for trips with public
transport modes

16.0

16.3

17.1

17.1

681 708

872 606

895 448

890 730

Total no. of trips

Total amount of ODrelations with trips > 0

Forecasts for JA 2030 in the Southeast suggest that the number of work trips increased to nearly
1,387, 000. The proportion of trips on a car will decrease slightly compared to 2006. The travel
distance for both trips by cars and public transport modes will increase according to these

projections. However, the distance of trips by cars is estimated to increase more than the
distance of trips by public transport.
It appears as if the effects on work trips in Southeast resulting from the building of high-speed
rail are larger compared to the North and East in both high-speed train alternatives US1 and
US2. This seems to be reasonable considering the planned locations of high-speed railway
tracks. This conclusion is related to the fact that the number of work trips on public transport
modes is expected to increase by about 3,000 in the US1 alternative, and with about 4,000 in
US2. This implies a 1 percentage point increase in the share of commuters using public transport
modes to work. The average travel distance on public transport modes will, on average increase
by 0.8 km in both US1 and US2 compared with JA. Travel distances of trips by cars are not
significantly affected in either US1 or US2. Taken together this suggests some geographical
enlargement of labor markets in the Southeast. In addition, the average distance of trips by car
is not reduced in either US1 or US2 compared to JA.
Table 1d. Statistics of work trips between SAMS-regions in region West.
2006

2030 JA

2030US1

2030US2

Total no. of trips

613 565

678 092

678 534

678 541

Total no. of trips with car
(Share of total no. of trips)

545 224
(0.89)

590 547
(0.87)

589 681
(0.87)

589 717
(0.87)

Total no. of trips with
public transport modes
(Share of total no. of trips)

68 341
(0.11)

87 545
(0.13)

88 853
(0.13)

88 824
(0.13)

Average travel distance
(km) for all trips

10.8

12.9

13.0

13.0

Average travel distance
(km) for trips with car

10.5

12.8

12.7

12.7

Average travel distance
(km) for trips with public
transport modes

13.2

13.5

14.6

14.6

3 322 941

2 724 858

2 741 522

2 742 487

Total amount of ODrelations with trips > 0

Statistics on the number of work trips in the region West are shown in Table 1d. In the first row
we see that the number of trips in 2006 was estimated to be about 614, 000. Of these, 89%
were trips by car and 11% by public transport. The average trip was 10.8 km long (the Euclidean

distance). We also see that the journeys involving public transport modes were about 2.7 km
longer on average than those by car.
The forecast for JA in 2030 in the West suggests that the number of journeys to work will have
increased to over 678, 000. The share of those using public transport will increase by two
percentage points compared to 2006. Further, the length of trips, by car and by train will
increase in the West according to these forecasts.
Also shown in table 1d is that the number of trips using public transport modes to work are
calculated to increase by about 1,300 trips when the high-speed trains are running. It applies
both to US1 and US2. The share of public transport would therefore not be significantly
affected. Further, the average travel distance of public transport commuting will increase by 1.1
km for both US1 and US2 compared with JA. At the same time it is estimated that the average
travel distance of commuting by car will decrease. In total, this indicates some geographical
enlargement of labor markets in the West when high-speed trains are at work.
Table 1e. Statistics of work trips between SAMS-regions in region South.
2006

2030 JA

2030US1

2030US2

Total no. of trips

654 544

743 525

743 576

743 785

Total no. of trips with car
(Share of total no. of trips)

530 659
(0.81)

604 305
(0.81)

604 219
(0.81)

604 105
(0.81)

Total no. of trips with
public transport modes
(Share of total no. of trips)

123 885
(0.19)

139 220
(0.19)

139 357
(0.19)

139 680
(0.19)

Average travel distance
(km) for all trips

14.0

16.4

16.4

16.4

Average travel distance
(km) for trips with car

13.9

16.3

16.3

16.3

Average travel distance
(km) for trips with public
transport modes

14.3

17.1

17.2

17.3

1 223 988

1 478 561

1 480 670

1 484 835

Total amount of ODrelations with trips > 0

Statistics on the number of trips to work in the region South are shown in Table 1e. Here the
number of trips in 2006 was estimated to be about 655,000. Of these, 81 percent were trips by
car, and 19 percent were commutes on public transport modes. In South, the average trip was

14 km long (the Euclidean distance). Note also that the trips on public transport modes were, on
average, about 0.4 km longer than those by car.
Forecasts for JA in 2030 suggest that the number of trips to work will increase to nearly 744,000
in South. However, modal shares will not have changed since 2006. As for all of the other
regions analyzed here, is the length of trips both by car and by train are calculated to increase in
South. The increased travel distance is on average 2.4 km with cars and 2.8 km with public
transport modes.
In South, the number of trips on public transport modes to work is expected to increase slightly
with about 100 (US1) and 500 (US2) trips when the high-speed trains are at work. The modal
share of public transport would not be affected in any significant way. The average travel
distance of trips on public transport modes will increase moderately with 0.1 km (US1) and with
0.2 km (US2) compared with JA. The travel distances of trips by cars will not increase much.
Taken together these predictions indicate no significant geographical enlargement of the labor
markets in South due to the building of high-speed rails.
To sum up, the picture emerging in Tables 1a-1e, high-speed trains are expected to have some
geographical enlarging effects on labor markets in the regions of Southeast and West, while the
effect is small in the other regions. However, these tables illustrate average travel distance by
region. The interpretation of the projected effects may be different if the focus instead was on
changes in other parts of the distribution of the travel distances. For example, it could be that
the travel distances increase more in the 90th percentile than in the 10th percentile in different
regions. This should be partially revealed in the maps presented in Section 4.
As an additional check of the reasonableness of the forecasts, we present the ratios between
travel time by public transport in JA and US1 and between JA and US2 in Tables 2-4. The
presentation in the tables pertain to:_ in vehicle travel time, total waiting time, and connection
time. In Table 2a, we present information on the ratio between the in vehicle travel time
according to US1 (numerator) and JA (denominator) for the OD-relations that have this
information in both US1 and JA projections. A value less than 1 imply that the in vehicle travel

time is shorter than in US1 and in JA. The average in vehicle travel time for each region is shown
in the first row in the table. All of them are below 1. This implies that the in vehicle travel time
decreases in all regions. However, the value in the North is close to 1, which seems reasonable
since the high-speed rails planned location is in southern Sweden. The values are lowest in the
Southeast and West, which also is consistent with the fact that the geographical enlargement of
the labor markets resulting from high-speed trains seem to be largest in these regions. The ratio
of the Southeast indicates that the average in vehicle travel time is 10 percent lower in US1
compared to JA. The corresponding figure in region West is 3.4 percent. The second row in
Table 2a shows standard deviations. It is not surprising that the deviation is smallest in the
North suggesting that most of the observations are equal to or are close to 1.
Table 2a. Descriptive statistics for the ratio of in vehicle travel time between US1 (numerator) and JA
(denominator)
North

East

Southeast

West

South

Average

0.996

0.975

0.900

0.966

0.988

Standard deviation

0.020

0.062

0.109

0.091

0.041

Minimum

0.236

0.262

0.089

0.141

0.229

th

0.990

0.898

0.753

0.871

0.961

th

0.998

0.980

0.847

0.966

0.991

th

1.000

1.000

0.919

1.000

1.000

th

1.000

1.000

0.989

1.000

1.000

90 percentile

th

1.002

1.007

1.000

1.005

1.006

Maximum

2.431

6.221

7.397

22.194

7.431

4 033 402

8 235 413

2 946 972

7 493 394

2 251 901

5

4

88

34

12

10 percentile
25 percentile
50 percentile
75 percentile
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From Table 2a, we can also see that the standard deviation is highest in the Southeast region
and second largest in the West region. Further, the smallest minimum value of the ratio is to be
found in the Southeast, where the in vehicle travel time is reduced by 91.1% in one OD-relation.
We can also see in Table 2a that the Southeast region is the only region with a median value
(50th percentile) below 1. The value of the median in the Southeast implies that half of the

observations are below 0.919. From the table, it is also shown that there are a number of ODrelations in which in vehicle travel time increases. In the region West, there is one OD-relation
where the in vehicle travel time in the US1 compared to the JA is larger by a factor 22.
In Table 2b, we present the corresponding information as in Table 2a but for the comparison
between US2 and JA. As can be seen from this table, the ratios of average in vehicle travel time
are similar to those in Table 2a, although it is slightly higher for the Southeast region and slightly
lower in the South region. The minimum value of the ratio is found in the South region, where
the minimum ratio -relation suggests a reduction of in vehicle travel time by 94.5 percent in one
OD-relation. Further, the median (50th percentile) is below 1 in both the Southeast and South
regions. In the Southeast region, 50 percent of the observations are below 0.961, and in the
South region, the figure is 0.996.
Table 2b. Descriptive statistics for the ratio of in vehicle travel time between US2 (numerator) and JA
(denominator).
North

East

Southeast

West

South

0.996

0.976

0.929

0.967

0.982

0.017

0.060

0.106

0.089

0.040

0.233

0.249

0.097

0.187

0.055

th

0.992

0.904

0.781

0.887

0.940

th

0.998

0.989

0.895

0.966

0.973

th

1.000

1.000

0.961

1.000

0.996

th

1.000

1.000

1.000

1.000

1.000

th

1.000

1.000

1.006

1.009

1.001

2.431

2.811

7.749

21.926

8.798

4 033 403

8 235 409

2 946 982

7 493 394

2 251 898

4

8

90
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Table 3a provides information on the ratio of waiting time according to US1 (numerator) and JA
(denominator). In the table we see that the average waiting time is expected to decrease in all
regions. As expected, the average difference is very close to one in the North. Similar to the

results in Tables 2, the average reduction in waiting time is largest in the Southeast region
where it decreases by 12.5 percent. The second largest average reduction in waiting time is in
the East region where waiting times on average decrease by 3.4 percent. The standard deviation
of the ratio is lowest in the North, showing that most observations are close to 1. The largest
spread of the ratio can be found in the Southeast region, where the standard deviation is 0.138.
The lowest minimum value for the ratio is found for an OD-relation in the region West, where
the minimum value indicates that the waiting time is reduced by 91% due to high-speed trains.
The median is 1 in all regions except in the Southeast where 50 percent of the OD-relations have
a value of the ratio below 0.891. The table also shows that the highest maximum value of the
ratio refers to an OD-relation in South, where the waiting time is expected to increase by a
factor of 13.
Table 3a. Descriptive statistics for the ratio of waiting time between US1 (numerator) and JA
(denominator).
North

East

Southeast

West

South

Average

0.997

0.966

0.875

0.981

0.986

Standard deviation

0.033

0.096

0.138

0.109

0.066

Minimum

0.293

0.283

0.138

0.090

0.265

th

1.000

0.867

0.691

0.865

0.962

th

1.000

0.957

0.777

0.991

0.998

th

1.000

1.000

0.891

1.000

1.000

th

1.000

1.000

1.000

1.000

1.000

th

90 percentile

1.000

1.000

1.000

1.034

1.000

Maximum

2.358

4.624

5.509

6.810

13.228

4 033 492

8 235 413

2 946 972

7 493 394

2 251 901
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In Table 3b, we present the corresponding ratio for the comparison between US2 and JA. The
table shows that the averages of the values in this comparison, in general, are higher compared
to the previous comparison between US1 and JA in Table 3a. There is one exception, and that is

the region West where the average waiting time is just marginally lower. Further, the standard
deviations in Tables 3a and 3b are similar.
Table 3b. Descriptive statistics for the ratio of waiting time between US2 (numerator) and JA
(denominator).
North

East

Southeast

West

South

Average

0.998

0.983

0.909

0.980

0.989

Standard deviation

0.029

0.093

0.129

0.109

0.070

Minimum

0.220

0.220

0.138

0.179

0.219

th

1.000

0.912

0.733

0.861

0.942

th

1.000

1.000

0.832

0.990

0.986

th

1.000

1.000

0.935

1.000

1.000

th

1.000

1.000

1.000

1.000

1.000

90 percentile

th

1.000

1.000

1.014

1.034

1.008

Maximum

2.705

4.576

6.467

10.811

3.382

4 033 493

8 235 409

2 946 982

7 493 394

2 251 898

4

8

90
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a

The main difference is in the Southeast region, where the spread in the value of the ratio
appears to be slightly lower in Table 3b than in Table 3a. The minimum values of the ratio are
also relatively similar in the two tables; the lowest value for the ratio is still to be found in the
region West. However, it is slightly higher (0.179 compared to 0.090). As before, the pattern is,
to a large extent, the same concerning the median values. But instead of a median value of
0.891 in Southeast when US1 and JA is compared the value is somewhat higher, 0.935, when
US2 and JA is compared. Concerning the maximum values, the ratios in tables 3a and 3b are
similar for the regions North, East and Southeast. In the other two regions the maximum value
of the ratio has changed significantly. In the region West, it has increased and in the region of
South, it has decreased.

Table 4a. Descriptive statistics for the ratio of connecting time between US1 (numerator) and JA
(denominator).
North

East

Southeast

West

South

Average

1.000

1.000

0.997

0.997

1.002

Standard deviation

0.018

0.042

0.107

0.069

0.047

Minimum

0.204

0.205

0.062

0.054

0.334

th

1.000

1.000

0.968

0.987

1.000

th

1.000

1.000

0.999

1.000

1.000

th

1.000

1.000

1.000

1.000

1.000

th

1.000

1.000

1.000

1.000

1.000

90 percentile

th

1.000

1.000

1.009

1.002

1.002

Maximum

21.547

6.026

7.670

13.693

7.206

No. of observed OD-relations
which have connecting time in
vehicle for both JA and US1

4 046 132

8 257 002

2 956 680

7 521 306

2 257 506

No. of observed OD-relations in
which connecting time in
vehicle are missing in either JA
or US1

0

0

0

0

0

10 percentile
25 percentile
50 percentile
75 percentile

Information about the ratios on connection time between US1 and JA are shown in Table 4a.
The averages for all regions are close to one. The standard deviation is highest in the Southeast,
which is also shown by the different percentile values in the table. The minimum value for the
ratio relates to an OD-relation in the region West, where the connection time is expected to
decrease by 94.6 percent. The median is 1 in all regions. The highest maximum value is found
for an OD-relation in the region West, and it indicates that the connection time is projected to
increase by a factor of 14 times. In Table 4b, we present information about the ratio of
connection time in US2 and JA. The main impression from this table is the same as in Table 4a.

Table 4b. Descriptive statistics for the ration of connecting time between US2 (numerator) and JA
(denominator).
North

East

Southeast

West

South

Average

1.000

1.001

0.998

0.995

1.000

Standard deviation

0.012

0.041

0.101

0.070

0.057

Minimum

0.239

0.221

0.062

0.054

0.231

th

1.000

1.000

0.976

0.984

1.000

th

1.000

1.000

0.999

1.000

1.000

th

1.000

1.000

1.000

1.000

1.000

th

1.000

1.000

1.000

1.000

1.000

90 percentile

th

1.000

1.000

1.008

1.000

1.000

Maximum

2.726

6.026

8.313

11.283

4.043

4 046 132

8 257 002

2 956 680

7 521 306

2 257 506

0

0

0

0

0

10 percentile
25 percentile
50 percentile
75 percentile

No. of observed OD-relations
which have connecting time in
vehicle for both JA and US1
No. of observed OD-relations in
which connecting time in
vehicle are missing in either JA
or US1

To summarize, the comparisons between the two different high-speed rail (US1 and US2)
alternatives and the base line projection (JA) in Tables 2-4 indicate that the travel times on
public transport modes will decrease most in the regions of Southeast and West. This is
coherent with the projected development of travel to work and travel distance by such modes.
Somewhat more surprisingly, the travel times in the South (where the greatest effects of the
high-speed rail on number of trips are expected) seem to be slightly lower in the high-speed
train scenario US1 than in the high-speed train scenario US2. This occurs at the same time as the
number of work trips by public transport in the Southeast increases more according to the
projections for US2 than for US1. However, this could of course just be an effect of the travel
time decreasing more in US2 in the OD-relation where many potential travelers are located
compared to the US1 scenario.

4. Visualization of labor market potentials with public transport with maps.
Considering that the effects of high-speed trains were extremely small on the number of work
trips and travel times in northern Sweden we omit that region in the visualization of labor

markets potentials. The visualizations are presented as maps showing aggregate labor market
potentials for JA, US1 and US2 in the remaining four regions. The potentials are visualized as the
potential number of persons who have access to a certain location. Beside this, we will also
present difference maps to illustrate the differences in labor market potentials between US1
and JA, as well as between US2 and JA.

Figure 5a-c. Labor market potentials in the region East with public transport based on the base line (JA)
projection of work related trips and corresponding projections for each of two alternative high-speed rails
(US1andUS2)..

Figures 5a-c shows that there are large variations in labor market potentials with public
transport in East. The highest potential is to be found in the region's most densely populated
area, the metropolitan area of Stockholm. In its central part, the number of overlapping
potential individual labor markets is about 150,000 when public transport modes are used. This
applies to all projected scenarios. The labor market potentials decrease rapidly with increasing
distance from the central parts of the metropolitan area of the capital city of Stockholm.

Already at a distance of about 30 km in a southwestern direction from the center the potential
has dropped to about 16,000, and after a distance of about 100 km, it is down to about 6, 000.
In the north-western direction, the distance decay gradient is not quite so steep.

Figur 6 a-b. Differences in labor market potentials between US1/US2 and JA in the region East.

Figures 6a and 6b show the differences in labor market potentials between US1 and JA, and
between US2 and JA, respectively. It is obvious from the figure that both new high-speed train
options lead to greater potentials compared to JA. The differences vary between just a few
overlapping individual potentials up to 1600. The two alternative high-speed rail options are
similar. The largest increase in labor market potentials is estimated to take place around the
regional center, the city of Norrköping, close to the map's southern border. From that area, the
increases in labor market potential becomes smaller in all directions from this "center of
gravity". The same pattern appears for both US1 and US2. It is also worth noting that there is an
obvious difference between US1 and US2. The geographical areas with the largest difference in
labor market potentials (between 1501 and 1600) compared to the JA scenario are significantly
larger in the US1 alternative than in the US2 alternative. In the US1 alternative, this area
stretches to about 30-40 km in a western and northern direction out from the city of Norrköping
in the US1 alternative. The corresponding level of difference in US2 can be localized to a
relatively small area north of the same city.

Figures 7a-c visualizes the local labor market potentials in the whole region of Southeast up to
the Stockholm metropolitan area for the alternative public transport scenarios JA, US1 and US2.
Figures 7a-c clearly shows that the potentials in the area around the Stockholm metropolitan
area are much higher in all of the alternative scenarios. Two areas around the region centers,
the cities of Norrköping and Linköping (located between 150-200 kilometers to the southwest
from Stockholm metropolitan area), and the city of Jönköping further south (located additional
100 kilometers to the southwest from Linköping) have significant higher potentials compared to
the surrounding areas. The differences in the labor market potentials between the US1 and JA
are shown in Figure 8a and the corresponding differences between US2 and JA are displayed in
Figure 8b.

Figure 7a-c. Labor market potentials in the region Southeast with public transport based on the base line
(JA) projection of work related trips and corresponding projections for each of two alternative high-speed
rails (US1andUS2).

Figures 8a-b show that the differences in labor market potentials between US1 and JA as well as
between US2 and JA, are largest around the cities of Linköping and Norrköping and in an area to
the west of the city of Jönköping. Although US1 and US2 resemble each other, a couple of
spatial differences could be mentioned. The change in labor market potentials in the area west
of Jönköping with a relatively large change in the potentials (between 1501 and 1600 travelers)
has a wider geographic extension in the US2 alternative (Figure 8b) than in the US1 alternative
(Figure 8a). There are also some differences around Linköping and Norrköping. The difference

between US1 and JA indicates a comparatively larger increase in labor potentials (between 901
and 1000) around Linköping. In addition, the area with a difference from JA that is between 801
and 900, has a larger geographical extension for the US1 alternative. Similar differences exist
around Jönköping. The area where the difference in labor market potentials are between 801
and 900 travelers is significantly more geographical extended when JA is compared to US1.

Figure 8a-b. Differences in labor market potentials between US1/US2 and JA in the region Southeast.

Figures 9a-c and 10a-b show labor market potentials and differences in labor market potentials
for US1/US2 and JA in the region West. The figures show that both US1 and US2 will increase
labor market potentials, especially in a western-eastern direction between the metropolitan
area of Gothenburg (located at the coast in the middle of the figure) in the west and the city of
Jönköping in the east. The largest increase in labor market potentials, 1300-1400, due to highspeed trains compared to the base line alternative (JA) in region West, is calculated for the US2
alternative.. Finally, shown in Figure 10, the geographical area in which the differences between
the JA alternative and US1 and US2 is between 1201 and 1300 is larger in the US2 alternative.

Figure 9a-c. Labor market potentials in the region West with public transport based on the base line (JA)
projection of work related trips and corresponding projections for each of two alternative high-speed rails
(US1 and US2).

Figure 10a-b. Differences in labor market potentials between US1/US2 and JA in the region West.

Figures 11a-c and 12a-b show the labor market potentials for US1, US2 and JA and the effects
on the potentials due to high-speed trains in the most southern located region in Sweden,
South. The figures show that there is but a small difference between the high-speed
alternatives. However, Figures 12a and 12b, show the spatial pattern of where the effect on
labor market potentials from high-speed rails differ between US1 and JA and between US2 and
JA, respectively. In the US1 alternative, the effects are located mainly in the northern part of
South up into the region Southeast, while the effects of US2 is largest around the city of
Helsingborg in the regions northwestern part.

Figure 11a-c. Labor market potentials in the region South with public transport based on the base line (JA)
projection of work related trips and corresponding projections for each of two alternative high-speed rails
(US1andUS2).

Figure 12a-b. Differences in labor market potentials between US1/US2 and JA in the region South.

5. Concluding discussion
The aim of this report was to cartographically visualize the potential geographical increase in
the size of labor markets in areas affected by investments in high-speed rails. The visualization
presented here was based on the forecasts of work related trips with public transport obtained
from the transport model SAMPERS for three scenarios in the year 2030 where two of them
include high speed rails (US1 and US2) and a base line scenario without such rails (JA). To
visualize the effects of infrastructure investment a discrete spatial phenomena, i.e. travel to
work by public transport, been transformed into a continuous spatial phenomena in the form of
aggregate labor market potentials. The visualizations presented here show that it is possible to
cartographically visualize such potentials and the differences between two such potentials; e.g.
between an alternative scenario including high speed rail and another not including such rail.
The geographical distribution of these potentials has above all been outlined.
The analysis, based on SAMPERS forecasts, suggests that the largest impact of high-speed trains
is located in an area stretching between the metropolitan area of Gothenburg over the cities of
Borås and Jönköping (in forecast region West) and then towards the area around the cities of
Linköping and Norrköping (in forecast region Southeast). The geographic pattern of the
estimated impact on labor market potentials seems reasonable when considering where
construction of high-speed rail is planned to take place. This expected effect on of high-speed
rails also indicate the location of potential “wider economic effects” . However, the results, in
general, from the SAMPERS forecasts indicate relatively small increases in labor market
potentials.
The aim of the analyses presented here was to investigate whether the projections on the
number of work trips with public transport seemed reasonable in terms of the geographical
location of these effects. In so doing we have restricted the analysis to trips by public transport.
We did not take into account possible transfers between different modes. This might in turn
imply that we over-estimate the "general" increase in labor market potential, since some of the
trips by public transport observed in US1/US2 would have been made by car in JA.

The method of accounting a surrounding area around each SAMS-area with a circle is somewhat
restrictive since neither the transportation system nor geography are homogenous in all
directions. However, it is quite possible to relax this restriction in future work by taking into
account both geographic and transportation heterogeneity.
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