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Abstract

Punctuality and delays within the railway system are of utmost concern in today’s society. With
an infrastructure in a dire need of maintenance and the increasing pressure for environmentally
friendly transportation solutions, punctuality and accessibility within the railway system
becomes crucial. With an overall punctuality rate of approximately 90%, there is much to be
improved. One of the problems within infrastructure is switches and crossings (S&C). In 2017,
switches accounted for 21% of all delays, costing society millions of Swedish crowns each year
in socio-economic costs.

The purpose of this thesis is to examine how late trains become when a switch fails and if there
are any contributing factors to these delays. This is done by analyzing delay data and creating
linear and logistic regressions.

Delays can be analyzed in several different ways. One way is to measure punctuality, which
shows how many trains have arrived on time at their final destination. Another way is to
measure delay minutes. Delay minutes can be measured at all stations along the trains route,
making this method advantageous in analyzing delays at a particular station. For this reason,
the registered delay increase has been utilized in this thesis. The registered delay increase
indicates the delay that has occurred between two stations.

The work is centered around Hoor station and its switches. There are 7 switches at the site, 5
of which are directly connected to the Southern Main Line (S6dra Stambanan). The station
consists of two platforms with two tracks. The tracks lead north to Alvesta and Stockholm, and
south to Malmo and the rest of Europe.

The data in this thesis comes from the Swedish Transport Administration (Trafikverket) and
the Swedish Meteorological and Hydrological Institute (SMHI). Trafikverket’s data comes
from three different data systems: Lupp, Ofelia and BIS. Trafikverket’s data provides delay
minutes, information regarding the switches’ location, type, and when, where and why they
failed. SMHI’s data consists of the location of weather stations, snow depth, temperature, and
wind speed. The dataset consists of 1 732 825 observations, which have been analyzed and
structured using SQL Server Management Studio. Additionally, the R-Studio program has been
used to perform linear and logistic regressions.

The results demonstrate how certain switches contribute to large and more frequent delays,
while others show the opposite. Even when some switches fail simultaneously, it leads to fewer
and smaller delays than when there is no failure. The results also indicate that certain factors
such as snow, wind speed, and low temperatures lead to more and bigger delays.

Some of the conclusions drawn include the need for further investigations into which switch
faults result in the larger switch faults and their impact on the traffic. Similar investigations
may also need to be conducted at larger stations where switches change positions more
frequently than they do in Ho6r to better understand how switch failures affect the traffic.

Keywords: switches, delays, punctuality, railway, regression



Sammanfattning

Punktlighet och forseningar inom jarnvdg dr ndgot som star hogt upp pa agendan i dagens
samhiélle. Med en infrastruktur som é&r i ett stort behov av underhall samtidigt som trycket pa
klimatsmarta transportlosningar bara oOkar, blir punktligheten och framkomligheten inom
jarnvédgen avgorande. Med en total punktlighet pa ungefar 90% finns det mycket att géra. En
av jarnvédgens infrastrukturproblem é&r sparvéxlar. 2017 stod spérvéxlar for 21% av alla
forseningar vilket kostar samhaéllet miljontals kronor varje &r i samhéllsekonomiska kostnader.

Syftet med examensarbetet &r att se hur sena tdg blir nir en sparvixel gar sonder och om det
finns ndgra faktorer som bidrar till dess forseningar. Det gors genom att analysera
forseningsdata och skapa linjira och logistiska regressioner.

Forseningar kan analysera pa flera olika sitt. Ett sdtt dr att méata punktligheten, vilket visar hur
hur ménga tdg som har ankommit i tid till sin slutdestination. Ett annat sétt &r att méta
forseningsminuter. Forseningsminuterna kan maétas vid alla stationer langs tagets vég vilket gor
den metoden fordelaktig vid analys av forseningar vid en station. Av den anledningen dr det
merforseningar som har anvénts i1 detta examensarbete. Merforseningen ger den forseningen
som har uppkommit mellan tva stationer.

Arbetet dr utformat kring stationen i H66r och dess vixlar. Pa platsen finns det 7 vixlar, varav
5 av de ér direkt kopplade pad Sodra stambanan. Stationen bestir av tva plattformar med tva
spar. Norrut leder sparen mot Alvesta och Stockholm och sdderut leder sparen mot Malmé och
resten av Europa.

Datan som har anvints i examensarbetet kommer frén Trafikverket och SMHI. Datan fran
Trafikverket kommer fran tre olika datasystem Lupp, Ofelia, och BIS. Trafikverkets data
tillhandhaller forseningsminuter, information angéende véxlarnas lokalisering, typ och nér, var
hur och varfor de gick sonder. SMHI:s data bestar av lokalisering av véderstation, snddjup,
temperatur och vindhastighet. Datamédngden bestér av 1 732 825 observationer och med hjilp
av SQL-Server Management Studio har den analyserats och strukturerats. Aven programmet
R-Studio har anvints for att gora linjdra och logistiska regressioner.

Resultatet visar pd hur vissa av véxlarna bidrar till storre och fler forseningar medan andra
vixlar visar p4 motsatsen. Aven nir vissa viixlar gar sonder samtidigt leder det till mindre och
farre forseningar dn nér inga vixlar dr trasiga. Resultatet indikerar ocksé pa att vissa faktorer
som snd, vindhastighet och ldga temperaturer leder till fler och hogre forseningar.

Négra av de slutsatser som har kunnat dras ar att det behdvs djupare undersékningar kring vilka
véxelfel det dr som ger upphov till de storre véxelfelen och vad paverkan blir pé trafiken av de.
Liknande undersdkningar kan dven behdvas gora pa en storre station dir det finns vaxlar som
byter lage oftare 4n vad de gor i Hoor for att béttre kunna se hur véxelfelen paverkar trafiken.

Nyckelord: sparvixlar, forseningar, punktlighet, jarnvig, regression
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1. Introduction

Transportation of people and goods stands for around 5% of the European Unions (EU) total
gross domestic product (GDP) and it is estimated that every household spends on average
13.2% of their budget on transport goods and services (EU, n.d.-b). Therefore, an effective
transportation system benefits both the individual but also companies and countries (AASHTO,
2021). Apart from the economic benefits of an effective transport system, there are other
benefits, like reduced pollution and reduced transportation time (Simons, 1992). As of 2020,
road transport stood for 24% of the EU’s total emissions of carbon dioxide (CO.) (EU, 2023a).
Trains on the other hand runs, for most parts in Europe, on electricity (EU, n.d.-a). Within the
EU, around 39.4% of the electricity production comes from renewable sources, 21.9% from
nuclear power, and 38.7% from fossil fuels (EU, 2023b). In Sweden, 71% of the electricity
production comes from renewable sources and the other 29% comes from nuclear power (SCB,
n.d.). The carbon footprint for trains is thereby low in Sweden compared to other modes of
transportation. In a comparison between trains, cars, and planes, trains require 0.071 kWh/pkm
while cars require 0.30 kWh/pkm and short haul planes require 0.60 kWh/pkm (Akerman,
2011). Since all of Sweden’s electricity production comes from non-fossil fuels, the train is the
mode of transport in which the carbon footprint is the lowest. Because of the environmental
benefits with train rides, the numbers of trains and the amount of train passengers has increased
significantly during the last 30 years.

Between 1990 and 2017, passenger journeys with trains had increased by 102 % and the number
of trains by 120%, while the capacity stayed at the same level in Sweden (Nelldal et al., 2018).
With the increased number of passengers and trains, the demands for an efficient and safe
railway have risen. One way to measure the efficiency of the railway is to measure the
punctuality (Trafikverket, 2018). As of 2022 the punctuality was at 90,1 percent for passenger
trains and 73,2 percent for freight trains in Sweden (Trafikverket, 2023a). One of the reasons
to measure punctuality is to be able to set up goals to strive for. In Sweden the goal is to have
a punctuality of 95% for freight trains and passenger trains (Trafikverket, 2022). The goal is set
by a trade association called “Tillsammans for tag i tid” (TTT) in which the Swedish transport
administration (Trafikverket) is project leaders. In 2019, infrastructure failures stood for almost
19 percent of all the delays (Pettersson, 2020). The other 81% were caused by operation
management, accidents and outside factors, railway operators, and consequential causes.

This points towards the commonly known problems with maintaining the railways standards
over the last decade. In a report from the Confederation of Swedish Enterprise (Svenskt
Néringsliv), the accumulated maintenance debt for road and railway was 77.5 billion Swedish
crowns in 2023 (Svenskt Néringsliv, 2023). This has led to a big debate on where the money
goes and with an increased interest in train travels, the advocacy for a more robust and safer
railway has increased. Trafikverket owns 91% of the Swedish railway network and are the ones
responsible for maintaining and keeping the railway up to date, meaning that they are mostly
responsible for the infrastructure problems in Sweden (Trafikverket, 2024). In 2023,
Trafikverket spent 7.2 billion Swedish crowns on maintenance on the railway system (Sundh
& Canaki, 2024). In order to decrease that number, Svenskt Néringsliv predicts that the budget
on maintenance needs to be increased by 31% (Svenskt Néringsliv, 2023). Even when doing
so, it would take at least 11 years before the debt was settled, provided that the cost for
maintenance stays on the same level. Exceptionally, back in 2009, switches and crossings
(S&Cs) stood for 13% of the total maintenance cost (Nissen, 2005). With the same percentage
today, it would mean that S&Cs costs about 936 million in maintenance costs every year.
Moreover, when a train is delayed, it doesn’t affect just one person or company. Only between
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Hissleholm and Almhult, which is 54 km long, the cost for delays connected to switch failures
were about 3 billion Swedish crowns between 2013 and 2016 (Tosovic & Hua, 2017). Between
2017 and 2021, there was 48 532 incidents recorded in Sweden where a switch had failed
(Mukunzi & Palmqvist, 2024). That means almost 10 000 incidents every year and since there
are 10 600 switches in total in Sweden, the number of incidents per switch per year is high
(Trafikverket, 2023b). With switches only standing for 5.5% of the total track length and with
13% of the maintenance cost and 10 000 incidents every year, it shows that something needs to
be done (Fuqing, 2011).

With a lot of switch failures comes a lot of problems in the infrastructure. First and foremost,
it costs a lot of money to keep repairing and replacing the switches, but it also causes
disturbances in the traffic. During reparation, removal, or installation of a switch, the track
cannot be used causing a disturbance in the traffic flow. Depending on the severity of the failure,
tracks might have to be closed or the speed limit needs to be lowered over the switch before the
reparation can happen. It can also make it impossible to direct trains onto their right path which
is the main purpose of a railway switch. Some people, like Palmqvist (2019), argues that the
number of failures and the negative effects of the traffic flow can be lowered if the total number
of switches are lowered. He means that a lower number of switches will make it easier to keep
the remaining switches up to date and to make sure that they are functional. The negative side
of a low number of switches, is that it makes it harder to adjust and create alternative paths for
the trains. The risk for there being a delay also increases since the redundancy of the system
and station is compromised. With fewer alternate routes than usual, the ability to divert trains
into different tracks is being reduced which causes the redundancy to be compromised.

1.1 Aims

The goal and aim of this thesis is to get an understanding of how switch failures effects delays
and if they do, by how much and which factors that contributing to the failures.

1.2 Research questions
The research questions are as follows:

1. Does the failure of different railway switches impact the delays of trains?
2. Which factors are affecting the delays of trains and by how much are they affected?

Research question number 2 is used as a control to make sure that research question number 1
gives a realistic result.

1.3 Limitations

The data included in this thesis is based out of one station in southern Sweden, called Hoor.
The timeframe of the data collection ranges over a period between 2001-06-17 and 2020-11-
01. The thesis does not look into how different switch types affects the delays or how the
severity of failures affects the delays or its factors.

11



2. Background

Switches are important components of the infrastructure within the railway system. They are
used to divert trains onto other tracks and directions. This chapter is meant to give the reader a
background in what a switch is and how it connects to punctuality.

2.1 Delays and punctuality

Delays and punctuality can be defined and described in different ways. In Sweden, a train is on
time to its final destination if it arrives no more than 5 minutes and 59 seconds after the
scheduled arrival at their final destination (Kristoffersson, 2019). There are some voices, like
Palmgquvist, that argues that early trains should also be accounted as unpunctual for being early
since they are not in their designated time slot, causing disturbances in the traffic flow
(Palmqvist, 2019). In order to know why a train is delayed, every time a train passes a station
the time is clocked and compared to what the scheduled time is. If the delay is more than 3
minutes, a code is determined. The code is divided into three different levels and each level
describes what happened with a different number of details (Trafikverket, 2021a). The code,
the date, the delay in minutes, which train that was delayed and the location of the delay is
stored in a database called LUPP. Trafikverket are the ones who’s responsible for coding and
updating the database (Trafikverket, n.d.-b). However, as Palmqvist shows, most of the delays
for passenger trains are small delays, under 3 minutes, and are therefore not coded (Palmqvist,
2019). When adding them up, the delay can become quite severe. This makes it hard to follow
up and see what the reasons for the delays are. In Palmqvists doctoral thesis, he shows that most
of these delays occurs at the station when alighting and boarding passengers happens (ibid).
Infrastructure problems are not showed to have as big of an impact as the dwell delays when it
comes to the small delays, but with delay increases that are over 3 minutes, infrastructure
failures are a contributing factor to the delays.

Delays can be divided into primary delays and secondary delays. Primary delays are delays that
occur because of a failure or incident, as described by Palmqvist, Johansson, and Sipild
(Palmgqvist et al., 2023). They continue to describe how secondary delays are the delays
occurring when the trains are being delayed because there is another delayed train in front of
them. Another term for secondary delays is knock-on delays, i.e. delays that occur because of
another delay. The authors saw that secondary delays stood for 64% of all delays and primary
delays stood for 36%. This means that trying to reduce the primary delays by 1 minute would
almost triple the effect because there are no secondary delays without a primary delay.

When describing how well the punctuality is, the most common method used is by calculating
the number of trains that are on time and dividing them by the total number of trains (Nelldal
et al., 2018). Since punctuality only measures if the train is on time at its final destination, it
does not show how the train runs compared to the timetable when the train is on the line. For
the passenger, the punctuality is the measurement that matters since they are only interested to
arrive at their final destination on time. For them it does not matter if the train loses 1 or 2
minutes between two stations, as long as they arrive on time.

12



2.2 Switches and crossings

Switches and crossings are a part of the infrastructure and a big component in the railway
system. They are used to connect two tracks so that the train can be guided to the right track
and destination (Zwanenburg, 2008) The number of switches on a station varies from just a
couple to several hundred on the biggest ones (Trafikverket, 2019). This means that when a
switch fails, the impact on the railway system can be huge. Between January 2017 and October
2018 switch failures stood for 21 percent of the delay minutes connected to infrastructure
failures (Kristoffersson, 2019). A study by Palmgqvist et al. (2020), found that there is a
quadratic relationship between punctuality and the number of switches, and by limiting the
number of switches at a station, the punctuality increases disproportionately. This corresponds
to a study by Malavasi & Ricci (2001), in which the authors found that a reduction in the number
of switches at their studied station led to a decrease by 10% for the number of delayed trains.

Switches consists of several both big and small parts which is contributing to its complexity.
Figure 1 gives an insight in how a typical switch looks like.

Switch rails Check rails Crossing

Stock rail Running rails

\\( Stretcher l Closugerails ‘ / ' |
l. NQ_M;ngralls \

Toe Heel Closure rails \

Running rails

I.................|.............|......................'

Switch panel Closure panel Crossing panel

Figure 1. Layout of a typical switch. Source: Mukunzi & Palmqvist, 2023

The switch in Figure 1 consists of 3 major parts: the switch panel, the closure panel, and the
crossing panel. It is the switch panel that enables the diversion between the two tracks, and it is
composed of seven sub-systems, i.e. the slide baseplates, the stretcher bar, the stock rail, the
ALD (Actuation, Lock & Detection) device, and the Sole/Base & Anchor plates (Mukunzi &
Palmqvist, 2023). The closure panel connects the switch panel and the crossing panel with the
closure rails. The crossing panel consist mainly of the crossing components. Other parts that
are including in the buildup of a switch is: the track support (slab/ballast), the fastening system,
and sleepers/bearers. Evidently, these components that are being described are for a typical
switch but there are multiple types that has different components and design. Some of the parts
in a switch are more likely to fail than others and some are harder to repairer than others. More
than half of all switch failures is caused by the stretcher or the squats (Grossoni et al., 2021). A
squat is a metal fatigue which causes surface defects on the rail. Furthermore, 80% of all the
switch failures are caused by 6 different failure types. A big reason for why switches are subject
to failing, is the high number of interlinking mechanical and electrical components (Litherland
& Andrews, 2023). Litherland and Andrews also concluded that the bigger the switch is by size,
the higher the turnout was for failures. Another study by Rama and Andrews, showed that
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ineffective maintenance had a big impact on early life failures for switches (Rama & Andrews,
2013).

When deciding which kind of switch to use at a station, the speed of which the trains should be
able to have over the switch is an important factor. With a higher allowance of speed for the
switches, the higher the risk is for switch failures (Hamadache et al., 2019). With a higher speed
allowance, the bigger the radius and length of the switch is needed which causes the switch to
be more prominent to breakdowns. In Sweden, there are about 11 different types of switches
being used, with each type having different lengths and radiuses (Trafikverket, 2021b). They
are divided into categories depending on their design and function. There are simple switches,
cross switches, symmetrical switches, and more. The radius of a switch depends on which types
of trains that are supposed to pass the switch and their speed. The bigger the radius is, the higher
speed over the switch can be allowed for the trains. In Sweden, the railway tracks that are being
used are for most parts used by all different kinds of train, both different passenger trains with
different speeds and freight trains. For this reason, when deciding what kind of switch to use
and with which radius, it is the landscaping and the design of the track that are the primary
factors in Sweden.

14



3. Case description

Hoor was selected as the target of the case study because of its location and amount of traffic
passing the station. The station is located on the “Soddra stambanan” which is one of the major
train lines in Sweden. With mixed traffic (both freight and passenger trains) passing the station,
it made a good fit for the study. S6dra stambanan is one of the four most important routes within
the Swedish railway system and connects Stockholm with Scania and southern Europe
(Honauer & Odeen, 2022; Skéld & Solinen, 2018).

Hoor is located in the region of Scania, in the southern part of Sweden. The station in Ho6r was
opened in 1858 and the first train arrived on the 4™ of October (H66r kommun, n.d.). Since
Hoor is located in the center of Scania, it was suitable location to place a train station on the
Sodra stambana with its connection to the rest of Sweden and Europe. Ho6rs connection to
Scania, Sweden and the rest of Europe is showed in Figure 2.
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Figure 2. A map over Scania wzth all railway routes. Source: Trafikverket.

In Figure 2 Hoor is located in the middle, between Stehag and Tjornarp, along the Sodra
stambana. Ho6r as a city is also linked to road route 13 that connects Ystad with Angelholm,
and route 23 that connects Europe road E22 north of Lund and Link6ping.
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The layout of the tracks at Hoor is showed in Figure 3.
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Figure 3. Track layout at H66r (figure is not to scale).

Switch 21a, 21b, 22a, 22b and 32b is connected to the two main tracks, numbered 1 and 2.
Track number 1 is for trains heading south and track number 2 is for trains heading north.
Switch 36b is connected to track 3 and 4 and switch 32a is connected to track 4 and a track
called “skyspér”. Track 3 is used for trains that has Ho0r as their end station or start station. In
rush hour, trains has Ho0r as their start station once every hour. The same goes for the trains
that has Hoor as their end station. These trains are local commuting trains called Pégatdg, and
stops at most stations. The timetable for passenger trains that are starting or ending in Ho6r can
be found in the attachment. Track 4 and skyspar is a sidetrack used to divert trains if necessary.
The switches at Hoor are the type of EV, shortened for “Enkel Véxel” which is translated to
simple switch. The switch type for each switch at Hoor is presented in Table 1.

Table 1. Switch names for all switches at Hoor. Source: NJDB (Nationell jdrnvigsdatabas), Trafikverket.

Switch number | Switch name

2la EV-60E-1200-1:18,5 rak
21b EV-60E-1200-1:18,5 rak
22a EV-60E-1200-1:18,5 rak
22b EV-60E-1200-1:18,5 rak
32a EV-BV50-225/190-1:9
32b EV-UIC60-300-1:9

36b EV-SJ50-11-1:9

Switch 21a, 21b, 22a, and 22b all have the same switch type as presented in Table 1. EV stands
for simple switch, 60E says that the switch is of a newer type of simple switch and that it is a
60-kilo rail (weight per meter), 1200 is the radius of the switch, and 1:18,5 rak is the angle and
“rak” means straight in Swedish (Ebelin & Elmstrém, 2014). UIC60 is an older switch type but
of a 60-kilo rail. BV50 is also an older switch type but with a 50-kilo rail instead and so is the
SJ50 switch.
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4. Overview of data

This chapter provides an overview of the data and the different factors that are being analyzed
in this thesis. The data comes from four separate systems provided by Trafikverket and the
Swedish Meteorological and Hydrological Institute (SMHI). The dataset consists of 1,732,825
data points during the specified time frame, in which one point represents one train over the
time frame of the thesis.

4.1 Lupp

Lupp is a database that stores traffic and facility information (Trafikverket, n.d.-b). It’s used to
extract statistics about punctuality, different disturbances, and information about the facilities
conditions on the Swedish railway network. Every time a train passes a station, the time is noted
and compared to the time of the timetable. If the train is more than 3 minutes delayed, a code
will be issued, explaining what’s causing the delay (Hedman & Svensson, 2020). In this thesis,
the data used from Lupp consists of the points showed in Figure 4 and Figure 5. Even though
both these figures come from Lupp, they are saved separately in SQL and needs to be put
together which is why they are showed like this.

HH nesuls 8 Messages

Sch_time Act_time Delay Train_id Station_name  Station_signature  Registered_delay_increase

1 2020-01-13 12:03:00.000  2020-01-13 12:01:00.000 -2 8190 Kopparberg Kpg 0
2 2020-01-13  2020-01-13 13:55:00.000 2020-01-13 13:54:00.000 -1 8192 Kopparberg Kpg 0
3 2020-01-13  2020-01-13 14:00:00.000 2020-01-13 14:00:00.000 0 8192 Kopparberg Kpg 0
4 2020-01-13  2020-01-13 19:22:00.000 2020-01-13 19:22:00.000 0 8174 Forsbacka Fb 0
5 2020-01-13  2020-01-13 19:33:00.000 2020-01-13 19:31:00.000 -2 8174 Gavlec Ga 0
6 2020-01-13  2020-01-13 17:46:00.000  2020-01-13 17:47:00.000 8174 Ramshyttan Rmh 0
7 2020-01-13  2020-01-13 17:59:00.000  2020-01-13 17:59:00.000 8174 Sellnas Sina 0

0

@ o =

8 2020-01-13  2020-01-13 20:24:00.000  2020-01-13 20:30:00.000
Figure 4. Raw data from Lupp.

8176 Forsbacka Fb

The headline in Figure 4, “Date_started”, is the date when a certain train ran and passed a
specific station.

“Sch_time” is when the train was scheduled to arrive at a specific station.

“Act_time” is the actual time that the train passed a specific station.

“Delay” is the deviation in minutes between the actual time and the scheduled time.
“Train_id” is the number the train is given for each specific day.

“Station_name” is the name of the specific station that the train passes.

“Station_signature” is the shortening of the station name.

“Registered_delay increase” is how many more minutes the train is delayed when passing a
specific station.

The first row in Figure 4 is interpreted as: train id 8190 passes a station called Kopparberg on
2020-01-13. The train was scheduled to pass the station at 12:03 but the actual time it passed
was at 12:01, indicating that the delay is -2 minutes. The registered delay increase was 0
minutes, meaning that the train didn’t lose any time between the station before Kopparberg and
Kopparberg station.
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EH Resuts ¥ Messages

Date_stated Train_id Train_type Train_subtype
1200911-24 9782  Godstag  FJARR
20091130 5655  Godstag FJARR
2008-12-23 87564 Tjanstetag -
20059-05-23 4004 Godstag FJARR
2005-01-19 41690 Godstag FJARR
6 2009-10-18 1443 Resandetag PENDEL

Figure 5. Raw data from Lupp.

L L I e o O

The headline in Figure 5, “Date started”, is the date when a certain train ran and passed a
specific station.

“Train_id” is the number the train is given for each specific day.

“Train_type” describes what sort of train that is connected to the train id. The different train
types are: “Godstdg” = freight train, “Tjdnstetdg” = empty train, “Resandetdg” = passenger
train, “Viaxlingsrorelse” = when the engine has to move from one side of the train to other, also
called shunting trains in english, and “vagnuttagning” = when a train leaves a station and goes
out on the line but then returns to the same station.

“Train_subtype” describes how far the train travels. The different train subtypes are: “Fjarr” =
long distance, “Pendel” = commuter train, “System” = systematic trains, “Flyg” = direct trains
between airports and major city, “Combi” = are freight carts that can be transported on trucks
and trains “Gods” = freight, “Post” = mail trains, “Region” = regional trains, “Snabb” = high
speed train, and “Ovr” = other types.

The fourth row in Figure 5 is interpreted as: train id 4004 on the 23" of September is a long-
distance freight train.

4.2 Ofelia

Ofelia is a data system that collects all the failures, disturbances or incidents within the
infrastructure (Trafikverket, n.d.-c). It is used to analyze length, causes, actions and severity of
failures and disturbances within the network. In this thesis, the data used from Ofelia consists
of the points showed in Figure 6.

EH Resuts 2 Messages
Anmalt_FR Anlaggningsindivid_FR  Anlaggningstyp_BVS  Anlaggningsdel_BVS Platsnamn_fran_G Platsnamn_til_G Avslutat_FR

1 Sparvarel Vaxelvame Garsas Garsas 201601-12 07:49:00.000
2 Sparvaxel Tunganordning Huvudsta Huvudsta 2016-01-11 00:02:00.000
3 2016-01-10 23:20:00.000 - Djuri spar Djuri spar Sater Gustafs 2016-01-19 06:51:00.000
4 2016-01-10 23:19:00.000 M 61 Kur 7 Balisgrupp Balis Stockaryd Stockaryd 2016-02-01 14:17:00.000
5 2016-01-10 23:36:00.000 323a Sparvaxel Vaxelvame Huvudsta Huvudsta 2016-01-11 10:31:00.000
6 2016-01-10 23:39:00.000 - Dijuri spar Djuri spar Kalixfors Ratsi 2016-01-11 10:10:00.000
7 2016-01-11 00:00:00.000 M 161 Signal Signallampa Varberg Varberg 2016-01-11 07:58:00.000
8 2016-01-11 00:02:00.000 105 Sparvaxel Omlaggningsanordning  Katrineholms ¢ Katrineholms ¢ 2016-01-11 01:17:00.000
9 2016-01-11 00:06:00.000 322, 326 Spar Spar Stockholm C Stockholm C 2016-01-11 05:24:00.000

Figure 6. Raw data from Ofelia

The headline in Figure 6, “Anmélt FR”, is when a failure or disturbance in the infrastructure is
reported.
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“Anldggninsgindivid FR” is the individual name or number of the facility.
“Anldggninsgtyp BVS” describes what facility type that has failed or is being disturbed within
the infrastructure.

“Anldggningsdel BVS” describes which part of the facility type that has failed or is being
disturbed.

“Platsnamn_fran_G” is from which station the failure or disturbance is being noticed.
“Platsnamn_till_G” is to which station the failure or disturbance is being noticed.

“Avslutat FR” is when the case is reported as finished.

The first row in Figure 6 is interpreted as: on 2016-01-20 at 23:04 a failure at switch number
810 was reported. It’s the exchange heater on the switch that failed. The switch is located in
Garsés and it was fixed on 2016-01-11 at 03:34 and its individual number is 810.

4.3 BIS

BIS is a data base that describes where different parts and sections of the infrastructure is
located (Trafikverket, n.d.-a). It is used to extract information about the infrastructures different
section and parts and where on the track they are located. In this thesis, the data used from BIS
consists of the points showed in Figure 7.

BH Resuts ¥ Messages
spar Vaxelnr  Vaxeltyp placefrom placeto

1 z1z10 .......... i10 3V-5J50-5,9-1:10/1:9fram  Vasteras noma Vasteras noma
2 21002103 """ il EV-XX00-OKAND TYP Borlange central  Borlange central
3 21002104 i3 EV-XX00-OKAND TYP Bordange central  Borange central
4 21042105 4 EV-XX00-OKAND TYP Borlange central  Borlange central
5 21052109 i6 EV-XX00-OKAND TYP Borlange central  Borlange central
6 21052106 8 EV-XX00-OKAND TYP Borlange central  Borlange central
7 21062108 10 EV-XX00-OKAND TYP Borlange central  Borlange central
8 21062107 i EV-XX00-OKAND TYP Borlange central  Borlange central

Figure 7. Raw data from BIS.

The headline in Figure 7, “spar”, is the track numbers that the switch connects.
“Viéxelnr” is the number of the switch.

“Vixeltyp” is the name of the switch type.

“placefrom” is from which station the switch starts.

“placeto” is the station name of where the switch ends.

The first row in Figure 7 is interpreted as: switch number 110 is of the type 3V-SJ50-5,9-
1:10/1:9 fram and it’s located in Visterds norra on between track z1 and z10.
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4 4 \Neather

The weather data comes from SMHI which is a data system that describes different weather
situations on the Swedish railway track. In this thesis, the data taken from SMHI consist of the
points showed in Figure 8, Figure 9, Figure 10, and Figure 11. The different types of weather
data are used as a control of the result. Temperature, snow and strong winds are proved to

impact delays in a negative way and they can therefore give a good indication whether the result
is valid or not.

Station_name  Station_number Date temp_avg temp_max temp_min
1 [Bakaka | 62180 20020808 186 244 125
2 Horby A 53530 20170801 181 238 14
3 Sturup 53300 20200811 119 17.1 58
4 Helsingborg A 62040 201209-27 123 148 11.2
5 Horby A 53530 2012-11-30 1.2 0.1 47
6 Skillinge A 54250 20020208 58 8.3 37

Figure 8. Temperatures at each weather station.

The headline in Figure 8, “Station_name”, is the name of the weather station.
“Station_number” is a unique number for a specific weather station.

“Date” is the date of when the temperature was recorded.

“temp_avg” is the average temperature in Celsius during the specific day.
“temp_max’ is the maximum temperature in Celsius recorded for that specific day.
“temp_min” is the minimum temperature in Celsius recorded for that specific day.

The first row in Figure 8 is interpreted as: At Bark8kra station, with station number 62180, on
the 8™ of August 2002, the average temperature was 18.6 °C with a maximum temperature of
24,4 °C and a minimum temperature of 12.5 °C.

weather_station_id  datum snowdepth
1 72080 2000-01-21  0.02
2 72080 2000-01-22 0.02
3 72080 2000-01-23 0.02
4 72080 2000-01-24 0,03
5 72080 2000-01-25 0.03
6 72080 2000-01-26 0.02

Figure 9. Snow depth at each weather station.

The headline in Figure 9, “weather station id” is the given number for a specific weather
station.

“datum” is the date of when the snow depth was recorded.
“snowdepth” is the snow depth in meters at the specific weather station.
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The first row in Figure 9 is interpreted as: At station number 72080, on the 21% of January 2000,
the snow depth was 0.02 meters, or 2 centimeters.

The closest weather station to Ho6r which measures snow depth did not record every day during
the time frame that is being investigated, resulting in the need of Figure 10, where the train
station is connected to a weather station.

lupp_station relevant_day weather_station distance_km weather_station_id
1 [ Kopklev | 20000101  Vimmerby 32,3461954208063 75400
2 Komklev 20000102  Vimmerby 32,3461954208063 75400
3 Komklev 20000103  Vimmerby 32,3461954208063 75400
4 Komklev 20000104  Vimmerby 32,3461954208063 75400
5  Kompklev 20000105  Vimmerby 32,3461954208063 75400
6  Kompklev 20000106  Vimmerby 32,3461954208063 75400

Figure 10. Weather stations that measure snow depth.

The headline in Figure 10, “lupp_station”, is the train station.
“relevant_day” is the date of when the snow depth was recorded.
“weather station” is the name of the weather station.

“distance_km” is the distance from the weather station to the train station.
“weather_station_id” is the given number for a specific weather station.

The first row in Figure 10 is interpreted as: On the 1% of January 2000, there was a measurement
of snow depth at the weather station in Vimmerby, with the station number 75400. The weather
station was located 32.35 km from a train station called Korpklev.

Station_name Station_number Date wind_avg wind_max
1 Skillinge A 54250 20150613 22 5.9
2 Skillinge A 54290 201509-15 64 9.6
3 Hastveda Mo 63160 20150407 4.2 6
4 Hastveda Mo 63160 2016-09-29 45 7
5 Helsingborg A 62040 20160716 38 55
6 Skillinge A 54290 2016-04-10 36 5.2

Figure 11. Wind speeds at each weather station.

The headline in Figure 11, “station_name” is the name of the weather station.
“Station_number” is the given number for a specific weather station.

“Date” is the date of when the wind speed was recorded.

“wind_avg” is the average wind speed in m/s during the specific day.
“temp_max’’ is the maximum wind speed in m/s recorded for that specific day.

The first row in Figure 11 is interpreted as: at Skillinge A, with the station number 54290, on
the 13" of June 2015, the average wind was 2.2 m/s with a maximum speed of 5.9 m/s.
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4.5 Frequency of switch failures

Table 2 shows the number of times each switch has failed during the time frame of the thesis.

Table 2. Number of failures per switch.

Switch number | Frequency
2la 114

21b 34

22a 46

22b 11

32a 18

32b 29

36b 3

Sum 255

In Table 2, one can see that switch number 21a is the switch with the highest frequency of
failures and switch number 36b is the switch with the lowest frequency of failures. Switch 21b,
22a, and 32b also has a high frequency of failures and switch 22b, and 32a are in the lower
range. The five switches with the highest frequency are all directly connected to the main tracks
according to Figure 3. With a sum of 255 failures, the average frequency of failures every year
is more than 13 over the 19.5 years that the time frame for the thesis is. In Table 3, different
scenarios are shown for if the switches have failed by themselves or if multiple switches have
failed during the same time.

Table 3. The frequency of when two switches are broken simultaneously.

Broken switches Frequency
2la+21b
2la+22a
21b+ 22a
22a+22b
22a+32a
22a+ 32b
22b + 32a

— =N (N A NN

Table 3 shows how it is not very common that two switches are broken at the same time, but it
still happens enough times or the length of the failures were long enough for an analysis to be
made. The limitations on whether combination is counted for in the analysis is depending on
how many trains that are passing the station during the failures. Therefore, the longer the
failures occur, the more trains will pass, and more data will be created selected to that
combination of failures. Combinations of failures in which there 3 or more failures
simultaneously and other combinations of 2 simultaneously failures are not showed in Table 3
since they do not happen during the time frame of the thesis. The frequency of a single failure
is not showing either since when there are two switches failing simultaneously, at least one of
the switches are broken by itself at some point. If, for example, switch 21a fails on the 26 of
August, 2008, at 07:00 and is fixed on the 28" of August, 2008, at 15:00, and switch 22a fails
on the 27" of August, 2008, at 20:00, and is fixed on the 28" of August, 2008, at 23:00, both
switches are at some point broken at the same time but they are also broken by their self at some

22



point. There can also be cases when only one of the switches are broken by themselves at some
point, which is the case if the other switch breaks and can be fixed before the first failure is
being fixed.

4.6 Delays in HOOr

Out of the 1,732,825 data points, 1,202,096 trains did not get a delay increase. That means that
530,279 trains did get a delay increase, or 30.6% of all trains. Figure 12 shows the frequency
cumulative delay distribution for all the trains. The delays vary from 0 minutes to 740 minutes
at most but after 6 minutes, the increase in percentage is too low to be visualized which is why
the figure ends at the 6-minute mark. The data is of such that negative delay increases are
counted as a 0 which is why the graph starts at almost 69.4%.
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95.000% L
90.000% /

85.000%

80.000% /

75.000% ,»"‘"/

70.000% |/

65.000%

60.000%
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Delay increase in minutes

Figure 12. Shows the frequency of cumulative delay distribution for all trains passing Héoor.

As can be seen from Figure 12, most delay increases are under 2 minutes which corresponds to
what previous research says. Delays that are under 2 minutes stands for 91.4% of all the delays
at Hoor which shows how important it is to investigate those delays. Even though the delays
that are under 2 minutes stands for the majority of the delays, they are not as dominate when
you count the number of minutes that each delay minute has caused. To get the result of the
sum of each delay minute, the delay minute is multiplied with how many times that specific
delay minute has occurred. The result is showed in Figure 13.
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Figure 13. The cumulative delay minutes for all trains in Héor.

In Figure 13, delay minute 1 to 100 is showed which represent 97.5% of the sum of all delay
minutes. Compared to Figure 12, the bigger delay minutes has a bigger impact here with delays
that are over 100 minutes representing 2.5% of all delay minutes. Delay minutes 1 and 2 are
still a vast majority of all the delays with 64.1% of the delay minutes.

Out of the 1,732,825 data points, 1,646,614 of them are linked to when there was no switch
failure present at the station and 86,211 of them were linked to either 1 or 2 switch failures
simultaneously. Percentage wise, that is 95% of all the trains that has passed Hoor station
without there being a switch failure and 5% when there has been a switch failure.
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4.7 \Weather variables

This chapter provides information about the frequency and values of the different variables that
are being investigated in this thesis.

4.7.1 Snow

Figure 14 shows how often there is snow present at the weather station and how large the snow
depth is.
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Figure 14. Measured snow depth in meters.

The time frame of the snow data ranges between 01-01-2000 and 30-12-2020. High peaks are
noted during the wintertime, with a maximum depth of 50 cm on February the 20, 2010. The
low peaks are naturally recorded during the summertime when it is too warm for snow to exist.
The issue with the snow data is that the closest weather station does not measure the snow depth
every day, so it is the closest measured snow depth, on the relevant day, that is being used. The
furthest distance was recorded on July 24", 2006. On that the day, the closest weather station
that recorded the snow depth was in Rorsbo, which is located 143 km from Ho6r station. Since
it was in the summertime, the snow depth is most likely also 0 meters in H66r but the problem
comes when it is a long distance during the wintertime, since the snow depth can differ quite a
bit from place to place. The average distance over the time frame for the snow data was 46.7
km.

25



4.7.2 Temperature

Figure 15 shows how the average temperature differs over the time frame of the thesis.
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Figure 15. Average temperature at Horby weather station.

The time frame of the temperature data ranges between 01-01-2000 and 01-11-2020. As can be
seen in Figure 15, the temperature follows the seasons with high peaks in the summer times and
low peaks in the winter times. The highest average temperature recorded was on July 10", 2007,
with an average temperature of 26°C. The lowest average temperature recorded was on
December 31%, 2001, with an average temperature of -14.5°C.
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4.7.3 Wind speed

Figure 16 shows how the wind speed differs over the time frame of the thesis.
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Figure 16. The maximum wind speed recorded every day at Horby.

The time frame of the wind data ranges between 01-01-2000 and 01-11-2020. The wind speed
does not have clear seasons like the temperature but the majority of the highest peaks are
recorded during the wintertime. The highest wind speed recorded was on the 8" of January
2005, with a maximum speed of 15.9 m/s. On 10 different days, the maximum speed being
recorded, was 0 m/s, being the lowest maximum speed over the day recorded.
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5. Theory

This chapter is meant to give the reader a theoretical background to the statistical methods that
are being used in the thesis. The statistical methods in this thesis consists mostly of a linear and
a logistic regression. Linear and logistic regressions can predict and foresee a quantitative
response. The linear regression predicts a value Y for a single predictor variable X, while the
logistic regression predicts the probability for a value Y to happen to a certain X (James et al.,
2021).

5.1 Linear regression

There are two majors approaches when doing a linear regression. The first approach is a simple
linear regression. It uses equation 1 as a base and assumes there’s an approximately linear
relationship between X and Y.

Y= +pX+ ¢ (1)

Here, the Y stands for the quantitative response, Bo and i are coefficients or unknown
constants, X is the single predictor variable, and ¢ is an error term. The two unknown constants,
Bo and B1, represents the intercept and slope of the linear model. The intercept is value of Y
when X is 0 and the slope is the average increase in Y with a one-unit increase in X. The error
term, €, is used since the relationship between X and Y is most likely not exactly linear and
there might be a need to add a term that catches all the misses with a simple model. The term
is assumed to be independent from X. Since o and B1 is unknown, they need to be estimated
and in order to do that, a data set is needed. The data set will estimate "o and "1 by computing
equation 2

9=PBo+Pix+e¢ 2)

where ¥ indicates a prediction of Y on the ground of X = x. The hat symbol, ", represents the
estimated value of a parameter or coefficient, or represents the estimated value of the response.
When estimating 3o and 1, the most common approach is the least square approach and to be
able to one, a set of data is needed. Let

Ceny1) (2, ¥2), ey (X )

represent n observation pairs, in which each pair consists of a measurement of X and a
measurement of Y. The goal is to get 7o and 3”1 to represent the data set the best way possible
so that 9, = By + Bix; + efori = 1,...,n. If §, = By + B1x; + ¢ is the prediction of Y based
on the ith value of X, then e; = y; — ¥, denotes the ith residual. The residual sum of squares
(RSS) can be defined as equation 3.

RSS = e +e7 + -+ e? 3)

Which is equal to equation 4.
— — 32 — — \2 — N2
RSS = (}’1 = Bo — ﬁ1x1) + (}’2 = Bo — ﬁlxz) + -+ (J’n = Bo — ﬁlxn) 4)
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In the least square approach, 3”0 and "1 minimizes the RSS. By doing some calculus, the
minimizers can be defined as in equation 5 and 6.

7 = 2ie1 (i =) (i — ¥)
! Yin (g — x)?

(5)

Bo =y — Brx (6)

¥ and x are defined in equation 7 and 8.

1y
y=p). ™)

> x ®

In order to see if the predictor has a relationship with the response, a probability called the p-
value can be determined. The p-value shows the probability that £; = 0, mening that if the p-
value is 1, then f; = 0 with 100% certainty, and if the p-value is 0, then 1 has a value that
makes the relationship between X and Y a 100% correct.

X

The second approach, which is the one that’s going to be used in this thesis, is the multiple
linear regression. It uses equation 9 as a base and accommodates multiple predictors directly
instead of just a single one, like the one in equation 1.

Y=,30+ﬁ1X1 +ﬁ2X2+"'+ﬁpo+€ (9)

Here, X represents the jth predictor and [3; specifies the connection between that variable and
the response. Bj can be interpreted as the average effect on Y with a one unit increase of X,
when all the other predictors are fixed. Bo is the intercept, just like in equation 1, and it is equal
to the value of Y when all the X:s are 0. Here it is not only o and 31 that are unknown but [,
B1, ..., Bp is also unknown. When given the estimates 3", "1, ..., B"p predictions can be made
using equation 10.

9 = Bo + Brxs + Boxa + -+ Bpx, + € (10)

The least square approach can also be used in a multiple linear regression, which suggest that
we can choose ", B"1, ..., B"p to minimize the sum of squared residuals with equation 11.

RSS = Z:;l(yi - 5’\1)2 = Z:;l(yi - EE - B:xl — B;xz —_— . — B;xip)z (11)

In the multiple linear regression, unlike in the simple linear regression, the coefficients
estimates need complex algebra using matrixes which is why it won’t be shown in this thesis,
but the result is the same with an estimated coefficients for all the predictors used in the
regression. Just like in the simple linear regression, the p-value for each estimate can be used
to see if the predictor has a relationship with the response. If the p-value is close to one for one
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of the estimates, then that predictor should probably be taken out of the regression since it
doesn’t correspond to the response in a significant way.

5.2 Logistic regression

The advantage of a logistic regression is that it can give a qualitative response instead of just a
quantitative response. Just like in the linear regression, there are two approaches when doing a
logistic regression. There is a simple approach or a multiple approach. In this thesis, the multiple
logistic regression will be used to predict whether there will be a delay or not when a switch
has failed. For simplification, the response will be a generic 0/1 binary response. In the response
for the thesis, a 1 will indicate there is a delay and a 0 indicates there is no delay. The end
response will estimate the probability of a delay.

When doing a simple logistic regression, the first step is to clarify how to model the relation
between p(X) and X which is showed in equation 12.

p(X) = Pr(Y = 1]X) (12)
It is possible to represent the probability using a linear regression model like in equation 13.

p(X) = Bo + B X (13)

The problem with using equation 13 to calculate the probability is that when the predictor is
low, the response might be lower than 0 and if the predictor is big, the response might be over
1 which is not possible when it comes to probabilities and are therefore not suitable for
calculating probabilities. To avoid this problem, a logistic function that only gives outputs
between 0 and 1 can be used. The logistic function is showed in equation 14.

eﬁ0+B1X
PO = Ty (14)
Equation 14 can be transformed into equation 15.
p(X) Bot
= e 0 ﬁlX 15
1-pX) (13)
If we take the logarithm on each side from equation 15 we get equation 16
p(X)
log| ———< | = X

in which the left side is called log odds or logit. When it comes to a logistic regression, changing
X with a one-unit increase changes the log odds by 1. The problem here is that with a one-unit
increase in X, 31 does not correspond to the change in p(X) since the relationship between p(X)
and X is not a straight line. The value that increases of p(X) with a one-unit increase of X
depends on the current value of X. No matter what the current X is, if 1 is positive, there will
be an increasing p(X) with a one-unit increase of X and if 1 is negative, there will be a
decreasing p(X) with a one-unit increase of X. It is possible to use a non-linear least square
approach when estimating o and 1 but it is preferable to use a maximum likelihood approach
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instead since it has better statistical properties. The idea with the maximum likelihood approach
is to seek estimates for o and 1 so that when 37 and 71 is estimated, they will yield a number
close to one for all individuals who defaulted when plugged in to the model for p(X), given in
equation 14. % and B"1 would yield a number close to zero for all individuals who did not
default. This idea can be formalized into one equation called a likelihood function, which is
being showed in equation 17.

o= | [ v | | 1=pGe) (17)

iyi=1 i,:yi'=0

Just like for the linear regression, the p-value can be used to determine how significant 3o and
B1 is to the response.

When doing a multiple logistic regression, the steps are quite similar. Equation 14 can be
generalized into equation 18 with the help of the analogy from chapter 6.1.1 that explains the
transformation from simple to multiple predictors in a linear regression.

X
log (13(—19())() = Bo + BiXy + -+ BX, (18)

Where X = (Xl, ,Xp) are p predictors. Equation 18 can be rewritten into equation 19.

eﬁo+ﬁ’1X1+"'+/3po

p(x) = 1 + eBO+BIX1+"'+ﬁpo (19)

Just like in the simple logistic regression, the maximum likelihood approach can be used to
estimate S, By, ..., Bp. The p-value can also be used here to determine the signification of
Bo, By, -, Bp and to see which predicators who are altering the response and which that are not.
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6. Method

The method being used in this thesis is of a quantitative nature. The workflow bcan be split into
5 different steps as showed in Figure 17.

Data handling

— R-studio -
Input Data handling Output
Raw data I N saL Structured .
data Evaluation
| Tables and
graphes

Figure 17. Schematic illustration of the thesis method.

6.1 Handling of Data
The data is sorted and analyzed through two different programs, SQL and R studio.

6.1.1 SQL

In SQL, the three different data systems, LUPP, Ofelia, and BIS are connected and combined
into one table with the result showed in Figure 18.

B Resuts i Messages
Date_stated train_id delay_increase  sch_time Act_time Train_type Train_subtype 21a 21b 22a 22 32a 32 36b

1 20010617 43823 0 2001-06-17 15:41:00.000 2001-06-17 14:29:00.000 Godstag FJARR 0 0 0 0 0 0 0
2 20010617 40742 0 2001-06-17 17:26:00.000  2001-06-17 17:21:00.000 Godstag FJARR 0 0 0 0 0 0 0
3 20010617 42166 0 2001-06-17 19:28:00.000 2001-06-17 18:21:00.000 Godstag COMBI 0 0 0 0 0 0 0
4 20010617 333 1 2001-06-17 07:54:00.000 2001-06-17 07:55:00.000 Resandetag FJARR 0 0 0 0 0 0 0
5 2001-06-17 311 1 2001-06-17 17:19:00.000  2001-06-1717:29:00.000 Resandetag FJARR 0 0 0 0 0 0 0
6 2001-06-17 342 1 2001-06-17 12:04:00.000  2001-06-17 12:06:00.000 Resandetag FJARR 0 0 0 0 0 0 0
7 2001-06-17 42164 0 2001-06-17 18:39:00.000  2001-06-17 18:16:00.000 Godstag ComslI 0 0 0 0 0 0 0
8 20010617 42160 8 2001-06-17 15:29:00.000 2001-06-17 15:31:00.000 Godstag COMBI 0 0 0 0 0 0 0

Figure 18. Result output from SQL.

In order to get to Figure 18, several steps were taken. The first step was to combine Ofelia and
BIS in order to get the track number and switch number to the failures. That was done by linking
the two systems by the column “Vixelnr” and “Anldggningsindivid FR”. In this step, the
“Anldggningsdel BVS” was sorted to only show switches and “Platsnamn_fran G” and
“Platsnamn_till G” was sorted to only show Hoor as the station. Since both those columns
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showed the same thing, one of them could be taken out of the table. The result of the
combination is showed in Figure 19.

Anmalt_FR Anlaggningstyp_BVS  Anlaggningsdel_BVS Anlaggningsindivid_FR  Platsnamn_til_G  Avhjalpt_FR Avslutat_FR Datum_DT  Vaxelnr  spar

Vaxelvamme 32a Héor 2017-12-16 07:00:00.000  2017-12-18 06:34:00.000 2017-12-14 32a 4,323-32b sky spar
Omlaggningsanordning ~ 32A Haor 2002-05-1513:55:00.000 NULL 20020515 323 4,32a-32b sky.spar
2002-05-18 09:55:00.000  Sparvaxel Omlaggningsanordning  32A Hoor 2002-05-18 12:25:00.000 NULL 2002-05-18 32a 4,323-32b sky spar
2002-05-23 10:42:00.000  Sparvaxel Omlaggningsanordning ~ 32A Hoor 2002-05-23 13:30:00.000 NULL 20020523 32a 4,323-32b sky spar
2011-03-16 07:50:00.000  Sparvaxel Sparvaxel 32A Hoor 2011-03-16 09:11:00.000  2011-03-22 08:34:00.000 2011-03-16 32a 4,323-32b sky spar
2017-02-08 20:23:00.000  Sparvaxel Sparvaxel 32a Hoor 2017-02-09 04:00:00.000  2017-02-09 08:44:00.000 2017-02-08 32a 4,32a-32b sky spar
2003-01-17 13:28:00.000  Sparvaxel Omlaggningsanordning ~ 32A Haor 2003-01-17 16:00:00.000  NULL 20030117  32a 4,32a-32b sky.spar

Figure 19. Result after combining Ofelia and BIS.

S R R O N —

When looking into the table from Figure 19, it was discovered that one of the reported failures
was reported on 2014-12-27 and wasn’t fixed until 2016-05-20. The failure was reported when
another report of a switch failure was wrongfully closed, and a new report number was created.
The other report with the real failure was fixed after almost a day but the new report number
was not fixed for almost 17 months without anything being wrong, causing the data set to be
faulty. It would have showed a failure for one of the switches for 17 months, causing all the
trains within that time frame to pass a faulty switch even though that was not the case. By taking
away the new report number, the problem was fixed.

The next step started with sorting out Ho6r from the Lupp data. The column called “Delay”
was taken away since it’s the registered delay increase that is interesting. The “Delay” column
doesn’t show if the delay is increasing or decreasing from previous station but the
“registered delay increase” does, which is why that column is being analyzed. After taking
away the “Delay” column, it was decided which trains were to be included in the data and which
were to be excluded. Because of the lay out of the station and the location of the switches (as
showed in Figure 3), all trains arriving from north and who had Hoor as their final destination
were excluded from the data since the switches are located south of the station and are therefore
not affected directly by a switch failure. This was done by taking away the trains that had “sista”
as their dwell type and an odd number as train id, since all odd train id:s in Sweden has a south
direction as a rule. The same was done with all the trains starting in Ho6r and going north but
it was done by taking away the trains with “forsta” as their dwell type and an even number as
their train id. At the same time, Figure 4 and Figure 5 were combined into one table, using train
id and the date started as common attributes with the result showed in Figure 20.

Date_stated train_id delay_increase sch_time Act_time Train_type Train_subtype
1120091214 | 1109 1 2009-12-1421:21:00.000  2009-12-1421:21:00.000 Resandetag REGION
2 20080817 1256 0 2008-08-17 19:37:00.000 2008-08-17 19:35:00.000 Resandetag PENDEL
3 20040509 1208 0O 2004-05-09 07:33:00.000 2004-05-09 07:32:00.000 Resandetag PENDEL
4 20040208 6106 O 2004-02-08 18:59:00.000  2004-02-08 18:58:00.000 Godstag OVR
5 20050717 4148 0 2005-07-17 18:41:00.000  2005-07-17 18:43:00.000 Godstag FJARR

Figure 20. Combination of the two data sets from Lupp.

The third step was to combine the already combined Ofelia and BIS data with the Lupp and
weather data. This started with creating a column for each individual switch at Ho6r. The cells
under each column were given either a 0 or a 1. A 0 indicated that there were no failures on that
particular switch when a specific train passed it. A 1 indicated that there was a failure on that
particular switch when a specific train passed it or were scheduled to pass it. When combining
Figure 19 and Figure 20 with the new columns, the sch time, Act time, Avhjilpt FR and
Avslutat FR were used in the combining. It was decided that the trains who were affected by
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the switch failure were does trains who either passed within the time frame of the failure or
were scheduled to pass within the time frame because some trains might have had to wait for
the failure to be fixed before passing the station. To get the weather data into the table, the dates
were used for the combining. Before the combining could happen, it was decided which weather
scenarios that were assumed to be problematic for the switches and punctuality. New columns
were created, and the cells were either given a 1 or a 0. 1 indicated that the weather scenario
could be problematic and a 0 indicated that it should not be a problem. For the temperature, a
1 were given if the average temperature were below 0°C or above or equal to 20°C. For the
snow depth, a 1 were given if the snow depth was above 0 meters. For the wind speed, a 1 were
given if the maximum wind speed during the day was above or equal to 10 m/s. In all other
scenarios, a 0 was given for all the different criteria. The range of the criteria’s are based on a
study on the impacts of weather on railway infrastructure in Sweden (Ochsner et al., 2024). The
study shows how the fault rates for switches increase with temperatures below 0°C and above
20°C. It also shows how the snow depth effects the fault rate. Wind speed shows a slight
increase in fault rate when the speed exceeds 10 m/s but not as much as the previous factors.
The effect of precipitation showed to be none existing for switches which is why it is not
included in this thesis.

In order to create a cumulative distribution of the registered delay increase, a table for each
combination of switch failure and one were all switches worked were created. The table
included the delay increase and how many times each delay increase has happened for that
specific table. Figure 21 shows how one of the combinations can look like.

delay increase 21a 21b 223 22b 323 32b 36b n
1 10 1 0 0 0 0 0 0 217%
2 1 1 0 0 0 0 0 0 5182
3 2 1 0 0 0 0 0 0 696
4 3 1 0 0 0 0 0 0 256

Figure 21. Table used for cumulative distribution of delay increase.

The first row in Figure 21 is interpreted as: 21795 trains got 0 more minutes delayed compared
to the scheduled time when switch 21a was broken. All the different table for each combination
was put into an excel sheet where a figure of the cumulative distribution could be made.

6.1.2 R Studio

To answer research question 1: Does the failure of a railway switch impact the delays of trains?,
two different regressions, in R Studio, are being made. One logistic regression and one on
linear. The logistic regression focuses on the prediction of a delay and the linear regression
focuses on the delay minutes. For the logistic regression, a new column was created called
“increase”. Each cell was given either a 0 or a 1, where a 0 indicated that there was no delay
increase and a 1 indicated that there was a delay increase no matter how big the increase was.
By doing this, a logistic regression focused on the whether there will be a delay or not could be
made and with the “delay increase” column, a linear regression could be made. In the logistic
regression, the different train types and subtypes, the two different temperature factors, the
snow factor, and the wind factor were put in as different independable variables. The regression
used the increase column as the dependable variable and therefore the response gives a
prediction on whether there will be a delay or not. In the linear regression, the independable
variables were the same as for the logistic regression. The dependable variable on the other
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hand were instead of the increase column, the “delay increase” column. By doing that, the

response predicts how big each delay would be for every variable. The input table looked like
Figure 22

delay_increase 21a 21b 223 22 323 32 36b train_type train_subtype  temp_freezing temp_wam snow wind_high increase
1 0 0 0 0 0 0 0 0 Godstag FJARR 0 0 0 0 0
2 0 0 0 0 0 0 0 0 Godstag FJARR 0 0 0 0 0
3 0 0 0 0 0 0 0 0 Godstag FJARR 0 0 0 0 0
4 3 0 0 0 0 0 0 0 Resandetag PENDEL 0 0 0 0 1
5 1 0 0 0 0 0 0 0 Resandetag PENDEL 0 0 0 0 1
6 0 0 0 0 0 0 0 0 Resandetag  FJARR 0 0 0 0

Figure 22. Input data to R Studio.

The 4™ row in Figure 22 is interpreted as: When all switches worked, there was a train which
did got 3 minutes further delayed meaning there was a delay increase. The temperature was
somewhere between 0 and 20 °C since both “temp _freezing” and “temp warm are showing 0:s.
There was also no snow on that day and the maximum wind speed was under 10 m/s.
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7. Results

The results are shown in three sections. The first section is describing how many switch failures
for each switch that has occurred during the time frame. The second section reports the result
from the linear regression and the third section from the logistic regression.

7.1 Cumulative delay distribution

The output from excel with the cumulative distribution of the registered delay increase is
showed in Figure 23.
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Figure 23. Shows the cumulative distribution for every combination of failure and non-failure.

The thickened, black line represent how the delay distribution is on a “normal” day where all
the switches work. Almost 70% of the trains doesn’t have a delay increase from their timetable
and 97% has 2 minutes or less delay increase. The orange, grey and green line are all above the
black line. Before the 2-minute mark, all three of those lines have a higher percentage, meaning
the trains that have passed those switches when they are broken have not been getting more
delayed then when they work. The rest of the lines are underneath the blackline, indicating the
opposite. The dark blue line ends at the 4-minute mark, meaning that there were no trains that
got 5 or more minutes delayed. Switch 36b is not included since it did not break often enough
to get enough statistical data for this part. There were only 89 trains that passed Ho6r when that
switch was broken which makes it hard to make any conclusions. The same goes with the other
combinations of failures that could be made and are not showed in Figure 23 and in which most
of them never even happened.
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7.2 Linear regression

The output from the linear regression is presented in Table 4.

Table 4. Result from the first linear regression that was being made.

Coefficients:

Estimate (B) | Std. Error | t value P-value
Intercept 0.466806 1.112782 | 0.419 0.675
2la 0.007118 0.014889 | 0.478 0.633
21b 0.046073 0.018553 | 2.483 0.013 *
22a 0.216416 0.019969 | 10.837 2,00E-16 ook
22b 0.531774 0.032413 | 16.406 2,00E-16 ook
32a 0.366379 0.046699 | 7.846 4.31e-15 ook
32b 0.510495 0.060961 | 8.374 2,00E-16 ook
36b 2.835458 0.263817 | 10.748 2,00E-16 ok
Freight trains 0.084004 1.112790 | 0.075 0.940
Passenger trains 0.012898 1.112783 | 0.012 0.991
Service trains -0.162689 1.112856 | -0.146 0.884
Shunting trains -0.474867 1.506672 | -0.315 0.753
Snow 0.107107 0.008147 | 13.146 2,00E-16 ok
Temperature > 0°C 0.003903 0.010762 | 0.363 0.717
Temperature < 0°C 0.048369 0.007327 | 6.601 4.08e-11 ok
Wind speed > 10 m/s 0.350052 0.029842 | 11.730 2,00E-16 ok
2la+21b -0.133233 0.033178 | -4.016 5.93e-05 ook
22a+ 32b 2.084773 0.341572 | 6.103 1.04e-09 ook
22a+22b -0.400345 0.099596 | -4.020 5.83e-05 ook
21b +22a 0.076421 0.090192 | 0.847 0.397
2la+22a -0.180801 0.206712 | -0.875 0.382

The stars next to the P-value represents the significance level of the P-value. Three stars
indicates that the P-value is less than 0.001 and because of the big data set, it is considered to
be the only acceptable significance in order to be able to count on the factor to make an impact
on the response. Table 4 shows that snow, low temperatures and a high wind speed is significant
for the response of the linear regression. Factors who do not show a significant P-value were
taken out one by one, starting with the train type. After the second regression, snow, low
temperatures, and high wind speeds are still the significant factors to the response. The next
factor to be taken away is the warm temperature since it does not show any significance to the
response. The result from the third linear regression, without train type and warm temperature

as a factor, is shown in Table 5.
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Table 5. Result from the third linear regression.

Coefficients:

Estimate (jB) Std. Error | t value P-value
Intercept 0,488294 0,002083 | 234,406 | 2,00E-16 | ***
2la 0,005101 0,014889 | 0,343 0,7319
21b 0,046521 0,018551 | 2,508 0,0122 *
22a 0,214297 0,019969 | 10,732 2,00E-16 | ***
22b 0,529211 0,032414 | 16,327 2,00E-16 | ***
32a 0,364524 0,046702 | 7,805 5,94E-15 | ***
32b 0,509593 0,060963 | 8,359 2,00E-16 | ***
36b 2,827558 0,263847 | 10,717 2,00E-16 | ***
2la+21b -0,133362 0,033134 | -4,025 5,70E-05 | ***
22a+32b 2,076761 0,34161 6,079 1,21E-09 | ***
22a+22b -0,398342 0,099606 | -3,999 6,36E-05 | ***
21b+22a 0,074616 0,0902 0,827 0,4081
2la+22a -0,178099 0,206736 | -0,861 0,389
Snow 0,107987 0,008146 | 13,257 2,00E-16 | ***
Temperature < 0°C 0,04807 0,007323 6,565 5,21E-11 Hokk
Wind speed > 10 m/s | 0,350782 0,029843 | 11,754 2,00E-16 | ***

The estimates in Table 5 are the coefficients that is being described in chapter 5.1. If the
estimate has a positive result, it indicates that the response will be greater than what the intercept
says, meaning that the delay has increased. In the case of one switch being broken, the estimates
show an increase in delays for every switch. When switch number 22a and 32b is broken
simultaneously and when switch number 21b and 22a is broken simultaneously, the estimate
gives an increased delay. When switch number 21a and 21b is broken at the same time, when
switch number 22a and 22b is simultaneously, and when switch number 21a and 22a is broken
at the same time, the estimate gives a decreased delay. The intercept, switch number 22a, 22b,
32a, 32b, and 36b are significant to the response. They have a low standard deviation compared
to the estimate and are therefore a good fit to the response. The same goes for when switch 21a
and 21b, 22a and 32b, and 22a and 22b is broken simultaneously. Switch number 21a and 21b
are not significant to the response. They have a high standard deviation compared to the
estimate and are therefore not a good fit to the response. The same goes with when switch
number 21b and 22a, and 21a and 22a is broken at the same time. The other factors, beside the
switches, who are significant enough to affect the response are the wind speed, whether there
is snow present at the station and if the temperature is below 0 degrees Celsius. All three of
them has estimates that increases the delays.
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7.3 Logistic regression

The output from the logistic regression is presented in Table 6.

Table 6. Result from the first logistic regression that was being made.

Coefficients:

Estimate (3) Std. Error | z value P-value
Intercept -0.445421 0.914545 | -0.487 0.626229
2la -0.407181 0.014221 | -28.633 | 2,00E-16 | ***
21b 0.025952 0.016342 | 1.588 0.112272
22a 0.323816 0.016757 | 19.325 2,00E-16 | ***
22b 0.653132 0.026716 | 24.447 2,00E-16 | ***
32a 0.136022 0.040063 | 3.395 0.000686 | ***
32b -0.077203 0.054411 | -1.419 0.155932
36b 0.900533 0.220317 | 4.087 4.36e-05 ook
Freight trains -1.441338 0.914560 | -1.576 0.115028
Passenger trains -0.210350 0.914546 | -0.230 0.818088
Service trains -1.674287 0.914695 | -1.830 0.067185
Shunting trains -7.127353 10.923535 | -0.652 0.514094
Snow 0.225760 0.007093 | 31.830 2,00E-16 | ***
Temperature > 0°C -0.014528 0.009619 | -1.510 0.130953
Temperature < 0°C 0.044861 0.006440 | 6.966 3.27e-12 ok
Wind speed > 10 m/s 0.283232 0.025663 | 11.036 2,00E-16 | ***
2la+21b -0.080711 0.031174 | -2.589 0.009623 | **
22a+ 32b 1.536886 0.308042 | 4.989 6.06e-07 ook
22a+22b -0.551835 0.082892 | -6.657 2.79%-11 ook
21b +22a 0.232299 0.074293 | 3.127 0.001767 | **
2la+22a 0.434357 0.172975 | 2.511 0.012036 | *

The stars next to the P-value represents the same significance of the P-value as for the linear
regression. Therefore, the same consideration to the factors will be made. Table 6 shows that
snow, low temperatures and a high wind speed is significant for the response of the linear
regression. Factors who do not show a significant P-value were taken out one by one for the
logistic regression as well, starting with the train type. After the second regression, snow, low
temperatures and high wind speeds are still the significant factors to the response in. The next
factor to be taken away is the warm temperature since it does not show any significance to the
response. The result from the third linear regression, without the train type and warm
temperature as a factor, is showed in Table 7.
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Table 7. Result from the third logistic regression.

Coefficients:

Estimate (B) | Std. Error z value P-value
Intercept -0,845213 0,001825 -463,154 2,00E-16 | ***
2la -0,351098 0,014071 -24,951 2,00E-16 | ***
21b 0,051115 0,016087 3,177 1,49E-03 | **
22a 0,358497 0,016458 21,783 2,00E-16 | ***
22b 0,669889 0,026159 25,609 2,00E-16 | ***
32a 0,179037 0,039505 4,532 5,84E-06 | ***
32b -0,044167 0,053627 -0,824 0,41017
36b 0,943467 0,215144 4,385 1,16E-05 | ***
2la+21b -0,086774 0,030804 -2,817 0,00485 ok
22a+32b 1,33188 0,297146 4,482 7,39E-06 | ***
22a+22b -0,583732 0,081307 -7,179 7,00E-13 | ***
21b+22a 0,238721 0,072868 3,276 0,00105 o
2la+22a 0,382767 0,169852 2,254 2,42E-02 | *
Snow 0,192861 0,006944 27,775 2,00E-16 | ***
Temperature < 0°C | 0,04921 0,006315 7,793 6,54E-15 | ***
Wind speed > 10 m/s | 0,257827 0,025137 10,257 2,00E-16 | ***

The estimates in Table 7 are the coefficients that is being described in chapter 5.2. If the

estimate has a positive result, it indicates that the response will be greater than what the
intercept says, meaning that the chances of a delay has increased. If the estimate is negative,

the response will be less than what the intercept says, meaning that the chances of a delay has
decreased. Switch number 21b, 22a, 22b, 32a, and 36b has positive estimates. Switch number
21a and 32b has negative estimates. When switch number 21a and 21b, 22a and 22b are both
broken simultaneously, the estimates are negative. When switch number 22a and 32b, 21b and
22a, and 21a and 22a are broken at the same time, the estimates are positive. The three other
factors called snow, temp_freezing, and wind_high, all have positive estimates, meaning that
when these factors are present, the prediction of whether there is a delay or not increases. The
P-value for when switch number 21a, 22a, 22b, 32a, and 36b are broken is low, indicating a
high significance. Switch number 21b and 32b has a low P-value, indicating a low
significance to the response. To be able to interpret and understand the output from Table 7
equation 19 from section 5.2, was used to create Table 8.
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Table 8. Result from the third logistic regression with equation 19.

Coefficients:
Estimate (B) | Std. Error | P-value Bo + BiXi | P(X)
+.. 4+ BpX,

Intercept -0,845213 0,001825 | 2,00E-16 | *** | -0,845213 | 0,3004
2la -0,351098 0,014071 | 2,00E-16 | *** | -1,196311 | 0,2321
21b 0,051115 0,016087 | 1,49E-03 | ** -0,794098 | 0,3113
22a 0,358497 0,016458 | 2,00E-16 | *** | -0,486716 | 0,3807
22b 0,669889 0,026159 | 2,00E-16 | *** | -0,175324 | 0,4563
32a 0,179037 0,039505 | 5,84E-06 | *** | -0,666176 | 0,3394
32b -0,044167 0,053627 |0,41017 -0,88938 0,2912
36b 0,943467 0,215144 | 1,16E-05 | *** | 0,098254 | 0,5245
2la+21b -0,086774 0,030804 | 0,00485 | ** -0,931987 | 0,2825
22a+32b 1,33188 0,297146 | 7,39E-06 | *** | 0,486667 | 0,6193
22a+22b -0,583732 0,081307 | 7,00E-13 | *** | -1,428945 | 0,1933
21b+22a 0,238721 0,072868 | 0,00105 | ** -0,931987 | 0,2825
2la+22a 0,382767 0,169852 | 2,42E-02 | * 0,486667 | 0,6193
Snow 0,192861 0,006944 | 2,00E-16 | *** | -1,428945 | 0,3425
Temperature < 0°C | 0,04921 0,006315 | 6,54E-15 | *** | -0,606492 | 0,3109
Wind speed > 10 m/s | 0,257827 0,025137 | 2,00E-16 | *** | -0,462446 | 0,3572

The probability column (P(X)) shows an estimation of the probability on how many trains that
has had a delay increase during the different scenarios and factors. It shows that the highest
probability of a delay increase occurs when switch number 22a and 32b, and 21a and 22a are
broken simultaneously. The probability of a delay increase in those two scenarios are almost
62%. For the combination when 21a and 22a are broken at the same time, the standard deviation
is high compared to estimate and the P-value is high which makes the estimates uncertain. For
the combination of 22a and 32b being broken simultaneously, the P-value is low which makes
the estimate and probability significant to the response. The probability column (P(X)) also
shows that the lowest probability of a delay increase occurs when switch number 22a and 22b
are broken at the same time. The probability of a delay increase in that scenario is close to 19%.
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8. Discussion

The short answer to research question number 1: Does the failure of a railway switch impact
the delays of trains?, is no. By looking at Figure 23 and the cumulative distribution of the
registered delay increase, there seems to be that when some of the switches are broke, the trains
are not as delayed as when all the switches work. If it would be one case in which that scenario
happened, it would not be anything out of the ordinary since they are many combinations that
are being studied. But when three different combinations of failures have a less effect on train
delays, it looks strange. Especially when one of the scenarios, the failure of switch 21a and all
of the other switches working, is the combination with the most failures and biggest set of data.
A possible explanation for this is that the P-value in the linear regression is quite high, causing
the estimate to be unsignificant to the response. It also has a high standard deviation that makes
the estimate uncertain. The standard deviation shows the variance in the data, which means that
a large value indicates that the data has a high spread, and it is not conclusive. With switch 21a,
even though the amount data is bigger than for the other switches, the variance is a lot bigger
than the estimate which makes the estimate uncertain. It also answers why the estimate from
Table 5 is positive when Figure 23 clearly shows that the delay increase is smaller when the
switch is broken than when all the switches work.

The answer to research question number 2: Which factors are affecting the delays and by how
much are they affected?, is that some of the studied factors have an impact on the delays in
Hoor and some does not. The result shows an increase in the delay minute and the prediction
of whether there will be a delay or not when there is snow present at the station, when the
temperature is below 0 °C, and when the maximum wind speed of the day exceeds 10 m/s. For
most cases, when snow is present at the station, the temperature is also below 0 °C which makes
the two factors connected. According to the linear and logistic regressions presented in Table 5
and Table 8, the wind speed seems to be the factor that affects the delays the most, followed by
the snow depth and the freezing temperature. With a wind speed of at least 10 m/s, the delay
increases by 0.35 minutes and the prediction of whether there will be a delay or not goes from
30.0% to 35.7% which is an increase by 19.0%. Previous research shows that wind speed does
not affect the fault rate of switches, but it does show an impact on delays which corresponds to
the results (Ochsner et al., 2024; Lorenz et al., 2021). A higher wind speed tends to impact the
railway in other ways than on the switches. For example, extreme winds often lead to trees
falling, damaging the electrical wires and the track. It could technically fall on a switch and
damage it but the odds for that happening are very low which is the reason for why it is not
being regarded as a problem for switches. With snow present at the closest weather station, the
delay increases by 0.11 minutes and the prediction of whether there will be a delay or not goes
from 30.0% to 34.3% which is an increase by 14.3%. This corresponds to previous research
with snow getting stuck in-between different components of the switch and causing it to
malfunction (Baranowska & Oman, 2012). With temperatures under 0°C, the delay increases
by 0.05 minutes and the prediction of whether there will be a delay or goes from 30.0% to
31.1% which is an increase by 3.7%. The temperature does not have as big of an impact as the
other two weather factors, but it still shows a low P-value, meaning that it is still significant to
the result. In the study by Ochsner et al. (2024), the fault rate for switches increases
exponentially under 0°C and are at its peak at -30°C. With a lowest average of -14.5°C, those
extreme kinds of temperatures do not exist at Hoor, but the lower the temperature is the higher
the chances are there for snow being present. This corresponds to that the snow depth has a
higher impact on the delays sense the temperatures probably has a lower average when there is
snow present then for just under 0°C.
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The hard part about analyzing the weather data is the location of the weather station. In this
case, most of the data is collected at the weather station in Horby which is located close to 10
km from the train station in Ho6r. Even though the weather is for most parts the same in both
Hoor and Horby, there could be a difference, altering the results. This is the case for the weather
data that includes the temperature and wind speed. When it comes to the snow depth, the
distance is even greater. With an average distance of 46.7 km between a weather station and
the train station in Hoor, the snow depth can be quite different between the different stations.
As described in section 4.7.1, this is not a problem for most of the days during the year since
the temperature in Scania is for most part over 0°C, meaning that there will not be any snow
present. The issues arises when a weather station that is far away from Hoor records a small
snow depth. When that is the case, the likelihood for there being snow at Hoor are being
decreased. The regressions have handled the snow depth as being present or not being present
and they are not considering the size of the depth. This means that a 1-centimeter snow depth
are being recognized with the same magnitude as a 50-centimeter snow depth. That by itself
can be problematic and misleading in the data but if the small snow depths are being recorded
far away from here, there might not even be snow represented at Ho6r which leads to a faulty
data set.

A reason for why some of the switches shows a better punctuality and a smaller delay increase
even though they are broken could be connected to how the station is build and the design of
the tracks. The station has two platforms and the tracks on which passengers can board and
alight the trains. Unlike other, bigger stations, the switches at Ho0r are not used at the same
extent to direct trains to different platforms. They are also not used to divert trains onto another
direction since two out of three tracks follow each other. This results in a smaller usage of the
switches. If there is a failure that causes the switches to be unable to move, it would not affect
the delays as much if they are not being used, as long as the failure does not cause trains to have
to stop or slow down while passing it. The switches that are being used in a higher extent than
the others are switch 21a, 21b, and 32b. All three of them are used when trains that has Hoor
as their first station, is leaving from track 3 which is once every hour. Switch 32b is used for
trains that has HooOr as their last station which also is once every hour at most. The other
switches are not used, unless there is some kind of extra ordinary event that leads to trains
having to change which track they are going on.

The hardest result to try to explain is the logistic and linear regression estimates of switch
number 36b. From Table 2, it is presented that switch number 36b only broke down 3 times
during the time frame. It is also presented that only 89 trains passed Ho6r during these three
failures which is in the context, not a lot of data to analyze. If we add the location of the switch
and the timetable, which is presented in Figure 3 and in the attachments, it is not many trains
that passes the switch. Most of the trains goes on the two main tracks and not on the sidetrack.
The trains that pass switch 36b only do it in direction, which means that the switch never has
to change position and the delays might not be affected if the failure of the switch is minor.
During the three failures, only 89 trains passed Hoor and if they did not pass the switch, it
should not have been affected by the failure as much as it did, and especially not with a low P-
value. One explanation could be that there was some other failures or incidents at the time of
this switch failures which caused the delay increases. That it happened to happen three different
times might be unusual, but it is not impossible making it a possible explanation.

Even though H606r is a busy station with a lot of traffic, the data set might have been too small

to make the results valid. With 95% of all the datapoints coming from when there was no switch
failure, the dataset for when the switches had failed might have been too small. With only 5%
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of the data linked to switch failures, it could be hard to make assumptions on how much the
delays differs from when there is a switch failure and when it is not. The data that consists of
zero switch failures can contain a lot of different failures and reasons for why the trains are
being delayed that have not happened in the rest of the data set. To get a bigger dataset for when
there is a switch failure, it could be needed to look at several different stations at the same time.
By looking at several stations, the number of switch failures and trains passing the failure would
increase and give more data to the delays.
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9. Conclusion

The results are a bit inconclusive, making it hard to make any assumptions on whether switch
failures affect the delays or not. Some of the switches shows tendencies towards an increase in
the number of delays and the size of the delays while other switches show the opposite. In order
to make conclusions about the delays and their size, the severity of the failure needs to be
studied more deeply. Switch failures that are less severe might not be a problem and if they are
a majority of the failures, it would affect the data. An argument could be made that even though
the failure is not severe, it would still cost money and time to fix it and therefore are those
failures also important. That is true, but when looking at if switch failures cause train delays,
the small failures might not be affecting the delays more than any other reason. Depending on
the severity of the failure, some trains might even be cancelled and would therefore not be
showed in the data even though they are affected by the failure.

There is also a need for similar studies on a bigger station than Hoor. As described in section
8, the switches in Ho6r are not used as much as other switches because of the design and layout
of the station. In a bigger station, in which switches need to change position more frequently,
the consequences of a switch failure would probably show a bigger effect than at Ho6r. Looking
at a bigger station would create other problems and it would be more difficult to determine
what’s supposed to be included or not, but it would give a better picture of how, especially
small failures, affects the delays.

To summarize, results of the thesis does not show a clear trend between failures of switches
and an increase in delays. There are factors who contribute to the delays but without further
research it is difficult to determine if most switch failures cause a delay increase at smaller
stations.
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Q m Karlshona-Knshanstad—Malm&-Képenhamn

M-L
0548
0551
06.09
0620
0636
0644
0658
0705
1
0720
0726
I
1
0745
0741 0747

0817 0821

0839

07.26

07.45
0747

4444

08.19
08.21
|
|
|
08.27
0833
08.35
08.38
08.42
08.44
09.00
09.04
09.07
09.15

847
0849

0858
09.00
09.06
09.08
[ hbE

0915

08.17
08.24
08.30
08.34
08.39
08.43
08.47
08.49
08.51
08.54
08.57
09.00
09.06
09.08
11

0915

Tio

0817
0824
0830
0834
0839
0843
0847
0849
0851
0854
0857
09.00
09.06
09.08
[-h0E

0915

TiF

M-F

0743
07.49
07.55
08.05

W

.03
.05
.08
ma2
.14
0930
0934
037
0945

07.05
0712
07.26
0734
07.44
07.53

4-14 Jall utfor Trafikverket banartesen mellan Hassisnolm och BromallaKarishamn. Stk dn resa | appen elier pa skanetrafiken.se

Skanetrafiken

ML
06.48
06.51
07.09
07.20
0736
07.44
07.58
08.05

|
08.20
08.26

|

|
08.45
08.47

09.19
09.21

09.27
09.33
09.35
09.38
09.92
09.54
10.00
10.04
1007
1015

gmmlskrona-xﬁsﬁanstad-ualmb-xbpenhamn
A SO IS S T NSNS N OGN 2 MO N 6 20 o o

Karlskrona
Bergisa
Ronnety
Beakne-Hoby
Karlshame
Marren
Solvesborg
Bromdlla
Fialkinge
Kristiamstad
Kristianstad
Onmestas
Vinslov
Hissieholm C
Hissieholm C
Sosdala
Tidrearp
Tidrearp
Hoze

Stehag

Eslév

Eslév
Ortofta
Stangty
Luns C

Lund C
Kiostergarden
Hijarsp
hearp
Burldv
Malma €
Malma C
Triangeln
Hyllie

NF LS

08.05
0812
08.26
0834 0834
0844 0844
0853 0853

09.04
09.10
09,16
09.26
0932

0944
09.44
09.49

1002
10.02
10,08
1012
1016
1019
1021
10.24
1027
1030
1036
1038
1041
1045

07.48
0751
B0
0820
0836
0844
0858
09.05

1
0920
0926

|

1
0945
0547

11.00
11.08
11.07
1115

M-F

1017
10.24
1030
1033
1039
1043
1047
1049
1051
10.54
1057
11.00
11.06
11.08
11

1115

M-F

0943

WSS
1005

MF

11.03
11.05
11.08
1112
1114
1130
1134
1137
11.45

L

1m0
11.05
11.08
1112
114
1130
134
1137
1145

1051
1053

|
|
|
|
1103
11.05
11.08
1112
1114
1130
1134
1137
1145

.05
a2
09.26

™43
0953

1008
1010
1016
1026
1032
1040
1044
1044
1049
1056
11.02
1102
1108
1112
1116
1119
na
1124
nz
1130
1136
1138
14
1145

08,98
08.51
09.09
09.20
0936
09.44
09.58
10.05

|
10.20
10.26

|

|
10.45
1047

119
na
|
|
|
nz
13
1135
1138
1142
1144
12.00
1208
1207
1215

naz
1124
130
1133
nx»
1143
1147
1149
s
1154
1ns7
1200

1208
1zn

1215

4-14 Jull utfor Trafikverket banarbesen mellan Kassisnolm och BromallaKarishamn. Stk dn resa | appen eller pa skanetrafiken.se

Skanetrafiken

51

1116

1202
12.05
12,08
1212
1214
1230
1234
1237
1245

08.26

8
&

09.42
0944
1000

1007
1015

1034
1044
1053

M-F

1104
1110
1116
11.26
13z
1140
1144
1144
1149
11.56
1202
1202
12,08
1212
1216
1219
1221
1224
1221
1230
1236
1238
1241
1245

M-F

0843
0849
0855
09.05

0948
0951
1009
1020
1036
1044
1058
1105
|
11.20
1126
|
|
1145
147
|

1219
1221

1227
1233
1235
1238
1242
1244
13.00

1307
1315

1012
1014
1020
1034
1037
1045

MF

1217
1224
1230
1233
1239
1243
1247
1249
1251
1254

13.00
13.06
13.08
131

1315

----------_----_-TC:

®a7

M-F

10 december 2023-14 december 2024
Gar alla dagar om inget annat anges.

For resor under jul, nydr, pask,
midsommar samt bvriga storhelger sék
din resa pa skanetrafiken.se eller i appen.

TECKENFORKLARING

Endast Krdag
Endast mandag
Endast mindag fredag
Endast mandag-2edag
Endast sondag
Endast tisdag,onsdag
TiF  Esdast tisdag-fredsg
Al Kor & 17 juni - 12 augusti.
Ll Kr endast 17 juni - 12 awgusti.
L} Kor &f 27 december 2023, samt 2
jamuari och 2 april 2024,

i Kor endast 27 december 2023, samt 2
jamuari och 2 april 2024.

10 december 2023-14 december 2024
Gar alla dagar om inget annat anges.

For resor under jul, nydr, pask,
midsommar samt dvriga storhelger sk
din resa pa skanetrafiken.se eller i appen.

TECKENFORKLARING

000 Pagatag

000  Oresundstig

L Endast Wrdag

LS Endast krdog,stndag

M.F  Endast mdndag-frecag

s Endast sindag

t Kbrej17 juni - 12 augusti.

v Kb endast 17 juni - 12 avgusti.

L] Kbr &f 27 december 2023, samt 2
jamsari och 2 april 2024.

i Kbr endast 27 december 2023, samt 2
jamuari och 2 april 2024.



Q m Karlskrona-Kristianstad-Malmé-Képenhamn
N S o s o ez s

1303
13.05
1308
1312
1314
1330
1334
1337
1345

1303
1305
1208
1332
1334
1330
1334
1337
1345

12,04
1210
1216
12.26
1232
1240
1244
1244
1249
12.56
13.02
13.02
13.08
1312
1316
1319
B2
13.24
BT
13.30
1336
1338
1341
1345

1048
1051
ne

1319
1321
|
|
1
1B2Z7
133
1335
1338
1342
1344
14.00
14.08
14.07
1415

1317
13.24
1330
1333
1339
1343
1347
1349
1351

1357
14.00
14.06
14.08
1411

1415

1403
1405
1408
1412
1814
1430
1434
1437
1445

1234
1244
1253

1310
1316
13.26

1336
1350
1344
1349
1356
1402
15,02
14.08
1412
1416
1419
1221
1524
1827
1430
1436
1438
1441
1445

1148
1151
1209
1220
1236
1244
1258
13.05

|
1320
1326

|

|
1345
1347

1439
1421
|
|
|
1827
1433
1435
1438
1442
1344
15.00
1504
15.07
1515

{1275 Moes 7oee a2z NUIT
MF O OMF LS

1817
1424
1430
1433
1439
1443
1547
1449
1451
1454
1457
15.00
15.06
15.08
1511

1515

1503
15.05
15.08
1512
1514
1530
1534
1537
1545

1416

1451
1453

1408
1410
1436
1426
1428
1436
1450
1450
1445
1452
1458
1458
1504
1508
1532
1519
1521
1524
1527
1530
1536
1538
1541
1545

4-14 Jall utfor Trafikverket banartesen mellan Hassisnolm och Bromallaarishamn. Stk dn resa | appen elier pa skanetrafiken.se

Skanetrafiken

[

1441

1515
1517

1523
1529
1532
1535
1539

Q m Karlskrona-Kristianstad-Malmé-Képenhamn
Nezsl T N O G 005 W05 M08 3679 a2

Karlskrona
Bergisa
Ronnety
Beakne-Hoby
Karlshame
Marren
Solvesborg
Bromdlla
Fialkinge
Kristiamstad
Kristianstad
Onmestas
Vinslov
Hissieholm C
Hissieholm C
Sosdala
Tidrearp
Tidrearp
Hoze

Stehag

Eslév

Eslév
Ortofta
Stangty
Luns C

Lund C
Kiostergarden
Hijarsp
hearp
Burldv
Malma €
Malma C
Triangeln
Hyllie

1504
1510
1516
15.26
15.28

1540
1540
1545
1552
1558
1558
1604
16.08
1612
1619
1621
1624
1627
1630
1636
1638
1641
1645

1541

1348
1351
14.09
14.20
1436
1444
1458
15.05

15.20
1526

1545
1547

1619
16.21
|
|

|
16.27
1633
16.35
1638
1642
1644
17.00
17.04
17.07
17.15

M-F

1617
1624
1630
1633

1643
1647
1649

1658
17.00
17.06
1708
mn

I
1715

M-F

1543
1549
1555
16.05

M-F

1616

1703
17.05
17.08
17.12
1724
1730
1734
1737
1745

L

|
|
|
17.03
17.05
17.08
1712
1714
17.30
1734
17.37
17.45

S

17.03
17.05
17.08
17.12
1714
1730
1734
17.37
1745

M-F

1505
1512
1526
1534
1544
1553

1604
1610
1616
16.26
16.28
1636
1640
1640
1645
1652
1658
1658
17.04
17.08
1712
1719
72
17.24
w2
17.30
1736
1738
1741
1745

1744
18.00
18.09
18.07
1815

17a7
1724
1730
1733
173
1743
1747
1749
1751
1754
1757
1800

1808
1811

4-14 Jull utfor Trafikverket banarbesen mellan Kassisnolm och BromallaKarishamn. Stk dn resa | appen eller pa skanetrafiken.se

Skanetrafiken

52

1643
1649
1655
17.05

1248
1251
1309
1320
1336
1344
1358
1405

I
1520
1426

I

1
1445
1547

1519
1521

1527
1533
1535
1538
1542

16.00

1607

M-F

1517
15.2%
1530
1533
1539
1543
1547
1549
1551
15.54
1557
16.00
16.06
16.08
1611

1615

M-F

1543
1449
1455
1505

1551
1553

1603
16.05
16.08
1612
1614
16.20

1637
1645

Ls

1434

14.53

W

16.05
1612
16.26
1634
1644
16.53

LS

1634
1644
1653

1704
1710
1716
17.26
1732
17.40
1744
1744
1749
1756
18.02
1802
18.08
1812

1819
1821
1824
1827
1830
18386
1838
1841
1845

1548
1551

16.20
1636
1644
1658
17.05

17.20
17.26

1745
1747

19.15

10 december 2023-14 december 2024
Gar alla dagar om inget annat anges.

For resor under jul, nydr, pask,
midsommar samt bvriga storhelger sék
din resa pa skanetrafiken.se eller i appen.

TECKENFORKLARING

0000 Oresusdstig

0000 Pigatig

[50]  Pagatag Express

L Endast Kerdag

LS  Endast Mrdag,stndag

MF  Endast mindag-frecag

s Endast sindag

Al Kor & 17 juni - 12 augusti.

Ll Kr endast 17 juni - 12 awgusti.

L} Kor &f 27 december 2023, samt 2
jamuari och 2 april 2024,

i Kbr endast 27 december 2023, samt 2
jamuari och 2 april 2024.

10 december 2023-14 december 2024
Gar alla dagar om inget annat anges.

For resor under jul, nydr, pask,
midsommar samt dvriga storhelger sk
din resa pa skanetrafiken.se eller i appen.

TECKENFORKLARING

0000 Pigatig

(2500 Pagatag Exgress

0080 Oresundstig

L Endast Wrdag

LS Endast Krdag,stndag

M.F  Endast mdndag-frecag

s Endast sindag

t Kbrej17 juni - 12 augusti.

v Kb endast 17 juni - 12 avgusti.

L] Kbr &f 27 december 2023, samt 2
jamsari och 2 april 2024.

i Kbr endast 27 december 2023, samt 2
jamuari och 2 april 2024.



Q m Karlskrona-Kristianstad-Malmé-Képenhamn

283 9E9 WAl M2 9 12 WS s
MF LS MF

N-F

1817
1824
1830
1833
1839
1843
1847
1849
1851
1854
1857
19.00
19.06
19.08
1911

1915

M-F

1743
1749
1755
1805

19.03
19.05
19.08
1912
1914
19.30
19.34
19.37
1945

1816

|

I

I
1829

I

1
1840

1

I
1851
1853

1

|

1

|

19.03
19.05
19.08
1912
1924
1930
1934
1937
1945

17.05
1712
17.26
17.34
1744
17.53

1804
1810
1816
1826
1832
1840
1844
1844
1849
1856
19.02
19.02
19.08
1912
1916
1919
1921
19.24
1927
1930
1936
1938
1941
1945

1648
1651
17.09
17.20
17.36
17.44
1758
18.05

|
18.20
18.26

|

|
18.45
1847

1919
19.21
|
|
|
19.27
19.33
19.35
19.38
19.42
19.44
20.00
2004
2007
2015

-F

197
19.24
1930
1933
1939

1947
1949
19.51

19.57
20,00
2006

2011

1897
WF

1843
1849
1855
19.05

19.16

1951
1953

|

|

|

|
2003
2005
2008
2012
2014
2030
2034
2037
2045

MF

1805
1812
1826
1834
1844
1853

LS

1834
1844
1853

1910
1916
1926
1932
1940
1944
1944
1949
1956
2002
2002
2008
2012
2016
2019
2021

027
2030

2038
2041
2045

4-14 Jall utfor Trafikverket banartesen mellan Hassisnolm och Bromallaarishamn. Stk dn resa | appen elier pa skanetrafiken.se

Skanetrafiken

1748
17.51
18.09
18.20
1836
18.44
1858
19.05

|
19.20
19.26

|

|
19.45
1947

2019
2021

2027
2033
2035
2038
2042
2044
21.00
2104
2107
2115

Q m Karlskrona-Kristianstad-Malmé-Képenhamn
oSS NN S 0 s v NSNS S S NS 0 A

Karlskrena
Bergisa
Ronnety
Brakne-Hoby
Karlsham
Mirrem
Solvesbeeg
Bromblla
Filkioge
Kristianstad
Kristianstad 2004
Onestad 2010
Vinslov 2016
Hassieholm © 2026
Hassieholm C 2028
Sisdala 2036
Tidrearp 2040
Tidrearp 2044
Hote 2049
Stehag 2055
Esidv 2101
Esidv 2104
Ortoba 2110
Stingey 2113
Lusd © 217
Luss 2119
Kiostergrsen aa
Hjarep 2124
hiarp 221
Burlov 2130
Malms € 2136
Malms © 2138
Triangeln 2141
Hyllie 2145
Hyllie
CPH Arport
Tareky
Brestad
Kabeshavn H

s ¢
Skanetrafiken

1848
1851
1909
1920
1936
1944
1958
2005

1
2020
026

I

1
2045
047

2a19
azz

azr
a3
235
38
2142

2200

2207

2151
2153

2203
2205
2208
2212
2214
2230

2231
2245

034
044
053

21.04
2110
2116
2126
2132
2140
2144
2144
2149
2156
2202
2202
2208
2212
2216
2219
22
2224
221
2230
2236
2238
24
2245

242

2307
2215

2216

2303
23.05
2308
2312
2314
2330
2334
2337
2347

2251
2253

230
2305

2312
2314
2330

337
247

2143
2149
2155
2205

2253

2303
2305
2308
332
2314
2330

2337
2347

2210

2219

2338
2341
2345

2048
2051
2109
2120
2136
2144
2158
2205

|
2220
2226

|

|
2245
2247

2308
23210
2236
2326
2332
2340
344
2344
24

0002
0002
0008
0012
0016
0019

0030
0036
0038
0041
0045

53

2304
2310
2316
232
2332

2344
2344
2349

00.02
00.02
00.08
0012
00.16
00.23
00.25
00.28
0031
0034
00.90
00.42
0045
00.48

M-F

2017
2024

2033

2043
2047
2049
2051
2054

21.00
2106
2108
2

215

2148
2151
2209
2220
2236
2244
2258
2305

1
320
326

I

1
2345
247

0019
00.21

0027
0033
0035

0042
0044
01.00

0107
0115

s sy
WL

2051 2051
2053 2053

2102 2103
2105 2105
2108 2108

2112 2112 2

2114 2114
2130 2130
2134 2134
2137 2137
2145 2145

0283 2
ML S

00.04 00,04
0010 00.10
0016 0016
0026 00.26
0032

0044
0044
0049

01.02
01.02
0108
0112
0116
0119
a2
01.24
27
0130
0136
0138
0141
0145

s
s

L 3
B

1934
1944
19.53

10 december 2023-14 december 2024
Gar alla dagar om inget annat anges.

For resor under jul, nydr, pask,
midsommar samt bvriga storhelger sék
din resa pa skanetrafiken.se eller i appen.

TECKENFORKLARING

0000 Pigatig

8000 Oresurdstig

L Endast Kerdag

LS  Endast Mrdag,stndag

MF  Endast mindag-frecag

s Endast sindag

Al Kor & 17 juni - 12 augusti.

Ll Kr endast 17 juni - 12 awgusti.

L} Kor &f 27 december 2023, samt 2
jamuari och 2 april 2024,

i Kbr endast 27 december 2023, samt 2
jamuari och 2 april 2024.

10 december 2023-14 december 2024
Gar alla dagar om inget annat anges.

For resor under jul, nydr, pask,
midsommar samt dvriga storhelger sk
din resa pa skanetrafiken.se eller i appen.

TECKENFORKLARING

000 Pagatag

000  Oresundstig

L Endast Wrdag

M.F  Endast mdndag-frecag

ML Endast mdndag-diedag

s Endast sindag

t Kbrej17 juni - 12 augusti.

v Kb endast 17 juni - 12 avgusti.

L] Kbr &f 27 december 2023, samt 2
jamsari och 2 april 2024.

i Kbr endast 27 december 2023, samt 2
jamuari och 2 april 2024.



g_ m Kopenhamn-Malmé-Hadssleholm-Kristianstad-Karlskrona A e

952 N8R TN000 avs 95 AW N894 N2s2 252 00K 204 1956 NS4 (1008 186 NG9 NOI2 N0N2 U 06 9S8 i b oprad e o] e SO
WF MF MF MF MF MF LS MF LS MF MF MF MF MF MF LS ML S MF W-F in resa pd skanetrafiken.se eller i appen.

Kabeshawm H 0449 05.14 0544 0544

Brestad 0451 0521 0551 0551

Threky 0454 05.24 0554 0554

CPH Airport 0459 05.29 0559 0559

Hyllie 0512 0542 0612 0612

Hyllie 0415 0445 0518 0515 0545 0548 0618 0618 06.22 0615

Triangeln 418 0448 0521 0518 0548 0551 0621 0621 0625 0618

Malma C 0422 0452 0525 05.22 0552 0555 0625 0625 06.29 0622

Malma C 426 0454 0454 0527 0524 0554 0557 0627 0627 0631 0624

Burlov ™31 0459 0459 0532 0529 0559 | 0632 0632 0636 0629

Axarp 0434 0502 0502 | 0532 0602 | | I | 0632

Hjarep ™37 0505 0505 | 0535 0605 | | | | 0635

Kiosterghrden 0440 0508 0508 | 0538 0608 | ] | | 0638

Lund C ™43 0511 0511 0539 0541 0611 06,07 0639 0639 06543 0641

Lust C 0944 0513 0513 0541 0544 0613 06.09 0641 0641 0645 0643

Stangty 04.48 0517 0517 | 0548 0617 | | | | 0652

Ortofta .51 0520 0520 | 0551 0620 | ] ] | 0655

Esldv | 0525 0525 | | 0625 | | | | |

Esiov .57 0530 0530 | 0557 0630 0618 ] | 0654 07.00

Stehag 0503 0537 0537 | 0603 0637 | | | | 0706

Hok 5.0 0543 0543 | 0609 0643 0629 ] | 0704 0732

Tidrearp 0515 | 0615 | | | | 0718

Sosdala 0519 | 0619 | ] ] | 0722

Hassieholm C w27 | 0627 0643 | | 0719 0730

Hissieholm C 0455 0511 0534 0555 0555 06,11 0634 0655 0655 07.11 0711 07.21 0734

Vinslov 0508 | 0544 0604 0604 | 0644 0704 0704 | | 0744

Oneestad 0510 | 0550 06,10 0610 | 0650 0710 0710 | | 0750

Kristinestad 0516 0533 0556 0616 0616 0633 0656 07.16 07.16 0733 0733 0756

Kristinmstad 05.02 0539 06.02 0639 07.02 0739 08.02

Fialkinge 0511 | 06.11 | o711 | 08.11

Bromdlla 0519 05.52 06,19 06.52 07.19 0752 0819

Solvesborg 05.26 05.59 06.26 06,59 07.26 0759 08.26

Morem | %6.13 | 713 | o813 | TECKENFORKLARING

Morrem 0543 06,14 0643 07.14 0743 0814 0343 6060 Pigatig

Karlshamn 0551 06.21 06.51 o721 07.51 0821 0851 P00 Oresundstig

Brakne-Hoby 06.37 0737 0837

Ronnety 0649 07.49 0849 B Pigotdg Express

Bergisa 07.08 08,08 09.08 LS Endast irdag stndag

Karlskrena 0712 08.12 0912 WM-F Endast mandag-fredag

ML Endast mindagdteday

s Endast sondag
4-14 Jull wnfor Trafikverket banartesen melian Kassknolm och BromallaKarishamn. Stk din resa | appen elier pa skanetrafiken. se

Skanetrafiken

54



g_ m Kopenhamn-Malmé-Hadssleholm-Kristianstad-Karlskrona A e

For resor under jul, nydr, pask,

956 256 0% OIS NGS6 702l U (A8 NE0l (i2sel %oaW (028 20 7UC a6 (962 0 s G 22 a2 o Led o e il wrn A
LS MF MF LS MF MF MF MF WF MF MF LS [ e resn ch simetrafiven.se eller | appon,
Kabeshaw H 0614 0614 0644 0714 07.4% 0814 0814 0843
Srestad 06,21 06.21 0651 07.21 0751 0821 0821 0851
Tarety 06,24 06.24 0654 07.24 0754 0824 0824 0854
CPH Airport 06.29 0629 0659 07.29 0759 0829 0829 0859
Kylie 0642 06,42 0712 07.42 08.12 0842 0842 09.12
Hyllie 0645 0648 06.48 07.18 07.22 07.15 0745 07.48 08.18 0815 08.22 0845 0848 0848 09.18 0915 0945
Triangeln 0648 0651 0651 0721 07.25 07.8 0748 0751 08.21 0818 08.25 0848 0851 0851 09.21 0918 0948
Malm3 € 0652 0655 0655 07.25 07.29 07.22 07.52 07.55 08.25 0822 08.29 0852 0855 0855 09.25 09.22 0952
Malms € 0654 0657 06.57 07.27 0731 07.24 07.54 07.57 08.27 0824 0831 0854 0857 0857 09.27 09.24 0954
Burlow 0659 | | 0732 07.36 07.29 0759 | 0832 0829 0836 0859 || 932 0929 0959
harp om0z | | | o3 o802 | | 0832 | 902 I 1 0932 1002
Hisrsp 0705 | | || o735 0805 | | 0835 | 0905 |1 | 0935 1005
Kisstergarsen o708 | | |1 or3s 0808 | | 0838 | 0908 Pt o o T
Lus € 07.11 07.07 07.07 0739 07.43 07.41 0811 0807 08.39 0641 08.43 09.11 0907 09.07 09.39 09.41 1011
Lusg © 0703 07.09 07.09 07.41 07.45 07.48 0813 0809 0841 0848 0845 09.13 09.09 0909 0941 0944 1013
Stangty o7 || | s 817 | | 082 | 917 |1 | 0948 1007
Ortofta 720 | | | orss 0820 | | 0855 | 0920 I 1| 095 1020
Edév 0725 | | | | | 0825 | | | | 0925 | | | | 1025
Esiv 0730 07.18 07.18 | 07.54 0800 0830 0818 | 09.00 0854 0933 0918 0918 | 0957 1030
Stehag 73 | | | 08.06 0837 | | 0906 | 0940 |1 | 1003 1037
Hote 0743 07.29 07.29 | 0804 0812 0843 0829 | 0912 09.04 0946 929 0929 | 1009 1043
Tiorearp o || 0818 || 0918 | |1 | 1015
Stsdala 1 | w22 o w2z | I 1 109
Hassieholm C 07.43 0743 | 0818 0830 0843 | 0930 0919 943 0943 | 1027
Hassieholm € 0755 0811 0834 0855 0911 0934 1011 1034
Vinslow 0804 | 0843 0904 | 0944 | 1044
Onoestad 0810 | 08.50 09.10 | 095 | 1050
Kristinnstad 0816 0833 08.56 09.16 0933 0956 1033 1056
Kristinnstad 08,02 0839 039 1002 1039
Fialkinge 0811 | | 1011 |
Bromblla 0819 0852 ®.52 1019 1052
Solvesberg 0859 0959 1059
Morrem 0913 1013 n13
Morrem 09.14 1014 1114
Karlshams 0921 1021 na
Brakne-Hoby 0937 1037 n37 JECKENPERKLARING
Ronnety 0949 1049 149 B0 Pagatdg
Bargisa 10.08 11.08 12.08 0000 Dresurdstig
Karlskrena 1012 112 1212 [0 Pagatdg Exgress
LS Endast rdog,stndag
MF  Endast mindag fredag
4-14 Jull utfor Trafikverket banartesen mellan Kassisholm och Bromdllaarishamn. Stk dn resa | appen elier pa skanetrafken.se
Skanetrafiken
P
Q m Koépenhamn-Malmé-Hadssleholm-Kristianstad-Karlskrona L 2111 e 2004
0% 6N 214 6 264 NS N0 052 9216 aG6 NOSG (0G0 IS 0970 090 69N 026 064 OB NGGA 06 e
MF MF LS W MF LS MF MF MF L S i resa ph skanetrafiken.se eller | appen.
Kabeshaw H 0914 0944 1014 1014 1044 1114 1.4 1214 1214 1214 1244
Brestad 09.21 0951 1021 1021 1051 1121 151 1221 1221 1221 1251
Tarety 0924 0954 1024 1024 1054 1124 1154 1224 1224 1224 1254
CPH Airport 09.29 0959 1029 1029 1059 129 1159 1229 1229 1229 1259
Hyllie 042 1012 1042 1042 1112 142 1212 1242 1242 1242 1312
Hyllie 09.48 1018 1015 1045 1048 1048 1118 1115 1145 1148 1218 1215 1245 1248 1248 1248 1318
Triangeln 0951 1021 1018 1048 1051 1051 1121 1118 1148 1151 1221 1218 1248 1251 1251 1251 1321
Malmd € 09.55 1025 10.22 1052 1055 1055 1125 1122 1152 1155 1225 1222 1252 1255 1255 1255 1325
Malms € 0957 1027 1024 1054 1057 1057 1127 1124 1154 1157 1227 1224 1254 1257 1257 1257 1327
Burlow | 1032 1029 059 | | 1132 1129 1159 | 1232 1229 1259 | | | 1332
harp |1 1032 me2 | | | m3i202 | | 1232 B2 |
Hjsrep |1 1035 mes | | | 1351205 | | 1235 B5 || ||
Kisstergarden |1 1038 mee || | 1381208 | | 1238 B8 |||
Lust © 1007 1039 1041 1111 1107 1107 1139 1141 1211 1207 1239 1241 1311 1307 1307 1307 1339
Luss © 1009 1041 1044 1113 1109 1109 1141 1144 1213 1209 1241 1244 1313 1309 13.09 1309 1341
Stangty |1 1048 m7 | | | 1481217 | | 1248 B17 | | ||
Ortotta |1 108 nmo | | | ms11220 | | 125 B20 | | |
Esidv [ ms | | | | 15 | | | B2 || ||
Ediv 018 | 1057 1130 1108 1118 | 1157 1230 1218 | 1257 1330 1318 1318 1318 |
Stehag |1 10 n | | | 12031237 | | 1303 B3 | | ||
Hote 1029 | 109 143 1129 1129 | 1209 1243 1229 | 1309 1343 1329 1329 1329 |
Tiorearp |1 1 || 1218 || 1315 o
stsdala |1 mae o 1219 | 1319 S O |
Hassieholm 043 | 27 N4 4 | 1227 1243 | 137 1343 1343 1343 |
Hassieholm C 11 134 1201 1234 11 1334 1355 1811
Vinslow | 1144 | 1244 | 1344 14,04 |
Onoestad | 1s0 | 1250 | 1% 1410 |
Kristinestad 1133 1156 1233 1256 1333 1356 1316 1833
Kristianstad 139 1202 1239 1339 1402 1402 1839
Fialkinge | 1211 | | 1811 1811 |
Brombla 1s2 1219 1252 1352 1419 1419 1452
Solvesberg 159 1259 1359 1326 1459
Morress 1213 18313 1813 | 1513
Morrum 1214 1314 1414 1343 1514 TEEKENFORKLARING
Karlshams 1221 B2 1821 1451 1521 BEE Oresumstio
Beakne-Hoby 1237 1337 1437 1537
Ronneby 1249 1349 1449 1549 B0 Pagatdg
Bergisa 13.08 14.08 15.08 16,08 L Esdstirin
Karlskrena 1332 1812 1512 1612 LS Endast Mrdagsindig

MF  Endast mindag-frecag

s Endast sondag
4-14 Jall utfor Trafikverket banartesen mellan Hasskenolm och Bromadllaiarishamn. Stk dn resa | appen elier pa skanetrafiken.se

Skanetrafiken
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Q_ m Kopenhamn-Malmé-Héssleholm-Kristianstad-Karlskrona A e

Gar alla dagar om inget annat anges.

20 57 6T e T2 0K 222 N7 ST (090 & Nizra NOE0 (064 T 224 976l 676 N2W oes 092 i b oprad e o] e SO
MF MF MF MF LS MF MF MF LS M-F M-F MF MF in resa pd skanetrafiken.se eller i appen.
Kabeshawm H 1314 1344 1414 1414 1444 1514 1544
Brestad 1321 1351 1821 1421 1451 1521 1551
Tareky 1324 1354 1424 1424 1454 1524 1554
CPH Arport 1329 1359 1429 1429 1459 1529 1559
Hyllie 1342 1522 1442 1442 1512 1542 1612
Hyllie 1315 13245 1348 1418 1415 1448 1445 1448 1518 1522 1515 1545 1548 1618
Triangeln 1318 1248 1351 1421 1418 1451 1448 1451 1521 1525 1518 1548 1551 16.21
Malma C 13.22 1352 1355 1425 1422 1455 1452 1455 1525 1529 1522 15.52 1555 16.25
Malma C 1324 1358 1357 1427 1424 1457 1454 1457 1527 1531 1524 1554 1557 1627
Burlov 1329 135 | 1432 1429 | 145% | 1532 1536 1529 1559 | 1632
Asarp 1332 1402 | | 1432 ] 1502 | ] | 1532 102 | |
Hjarep 1335 1405 | | 1435 | 1505 | | | 1535 1605 | |
Kiosterghrden 1338 1408 | | 1438 I 1508 | | | 1538 1608 | |
Lund C 1341 1411 1407 1439 1441 1507 1511 1507 1539 1543 1541 1611 1607 1639
Lust C 1344 1413 1409 1441 1444 1509 1513 1509 1541 1545 1548 1613 1609 1641
Stangty 1348 1417 | | 1448 | 1517 | | | 1552 1617 | |
Ortofta 1351 1420 | | 1451 ] 1520 | ] | 1555 1620 | |
Eslév | 1425 | | | | 1525 | [} | | 1625 | |
Eslév 1357 1430 1418 | 1457 1518 1530 1518 | 1554 16.00 1630 1618 |
Stehag 1403 1437 | | 1503 | 1537 | | 1 1606 1637 | |
Hode 1409 1443 1429 | 1509 15.29 1543 1529 | 1604 1612 1643 1629 |
Tiorsarp 1415 | | 1515 ] I | | 1618 | |
Sosdala 1419 | | 1519 | ] | 1 1622 I 1
Hassieholm C 1827 1843 | 1527 1543 1543 | 1619 1630 1643 |
Hassieholm C 1434 14.55 1511 1534 1555 1611 1634 1655 7n
Vinslov 1444 15.04 | 1544 1608 | 1644 17.04 |
Oneestad 1450 1510 | 1550 1610 ] 16,50 1710 |
Kristinestad 14.56 1516 1533 1556 1616 1633 16.56 1716 1733
Kristinmstad 1502 1539 1602 16.02 1639 1702 1739
Fialkinge 1511 | 1611 1611 | 1711 |
Bromdlla 1529 1552 1619 1619 16.52 1719 17.52
Solvesborg 1526 1559 16.26 1659 17.26 17.5%9
Marrem 1 1613 ] 1712 | 1813
Morrem 1543 1614 1643 1714 1743 1814
Karlshame 1551 1621 16.51 17.21 1751 18.21
Brakne-Hoby 1637 1737 1837 TECKENFORKLARING
Ronnety 1649 1749 1849 8000 Pagatdg
Bergksa 17.08 18.08 19.08 000 Oresurdstin
Karlskrena 1712 1812 1912 [0 Pagatdg Exgress

LS  Endast Mrdagstndag

MF Endast mindag-fredag
4-14 Jall utfor Traflkverket banartesen mellan Hassisnolm och BromallaKarishamn. Stk dn resa | appen elier pa skanetrafiken.se

Skanetrafiken
o
g m Koépenhamn-Malmé-Hadssleholm-Kristianstad-Karlskrona L s 20030 e 214
W26 AT T T8 el 0%l 096 00 228 1960 278 WIGY (W06 20 NS0 N9Ed 280 N N2 A e
LS MF MF MF MFS L MF MF ML S MF MFS L i roun gl slcametrafiiemn, s sller | appen
Kabeshawm H 1614 1614 1644 1734 1744 1814 1814 1844
restad 1621 1621 1651 1721 1751 18.21 1821 1851
Threky 1624 1623 1659 1724 1754 18.24 1824 1854
CPH Arport 1629 1629 1659 1729 1759 1829 1829 1859
Hyllie 1642 1642 17.12 1742 1812 1842 1842 1912
Hyllie 16,15 16.22 1645 1648 1643 17.18 1715 17.22 1745 1748 1818 13815 1815 1845 1848 1848 1918
Triangeln 1618 16.25 1648 1651 1651 17.21 1718 17.25 1748 1751 1821 1818 1818 1848 1851 1851 19.21
Malma C 16.22 16.29 1652 1655 1655 17.25 17.22 17.29 1752 1755 1825 1822 18.22 1852 1855 1855 19.25
Malma € 16.24 1631 1654 1657 1657 17.27 17.2% 1721 17.54 1757 18.27 1824 18.24 1854 1857 1857 19.27
Burlov 16.29 16.36 1659 | | 1732 1729 1736 175% | 1832 1829 18.29 1859 | | 1932
Axarp 1632 | 17.02 | | | 1732 | 1802 | | 1832 1832 1902 | ] 1
Hisrsp 1635 | 1705 | | | 1735 | 1805 | | 1835 1835 1905 | | |
Kiostergarden 1638 | 1708 | | | 1738 | 1808 | | 1838 1838 1908 | ] |
Lund C 1641 1643 1711 1707 17.07 1739 1741 1743 1811 1807 1839 1841 1841 1911 1907 1907 1939
Lusd C 1648 1645 1713 1709 17.09 1741 1748 1745 1813 1809 1841 1844 1848 1913 1909 1909 1941
Stangty 16.52 | 1717 | | | 1752 | 1817 | | 1848 1853 1927 | | |
Ortofta 1655 | 17.20 | | | 1755 | 1820 | | 1851 1856 1920 | ] 1
Esiow | | 1725 | [} ] | | 1825 | | | | 1925 | | |
Esldv 17.00 16,54 1730 1718 1718 | 1800 1754 1830 1818 | 1857 19.02 1920 1918 1918 |
Stehag 17.06 | 1737 | | | 1806 | 1837 | | 1903 19.08 1937 | | |
Hoe 17az2 17.04 17432 1729 17.29 | 1812 1804 1843 1829 | 1909 1924 1943 1929 1929 |
Tidrearp 1718 | | | | 1818 | I | 1915 19.20 | | |
Sosdala 17.22 | | | | 1822 | I | 1919 1924 | | I
Hisskeholm C 1730 1719 1743 1743 | 1830 1819 1843 | 1927 1932 1943 1943 |
Hissieholm C 1734 1755 1811 1834 19.11 1934 1934 2011
Vinslow 17.44 1808 | 1844 | 1944 19.44 |
Onoestad 1750 1810 | 1850 | 1950 1950 |
Kristinestivd 17.56 1816 1833 1856 1933 1956 1956 2033
Kristiarstad 1802 1839 19.02 1939 2002 203%
Fialkinge 1811 | 19.11 | 2011 |
Bromdlla 1819 1852 1919 19.52 2019 2052 TECKENFORKLARING
Solvesberg 1859 19.59 2059 B0 Pigatig
Marrems 193 2013 2113 [0 Pagatdg Exsress
Morrem 1914 2014 2114
Karlshams 19.21 202 aa l_- z:!"l"::"
Brakne-Hoby 1937 2037 2137
Roaneby 1949 2049 2149 LS Endst Rrowpeindsg
Bergisa 20.08 2108 2208 MF  Endast mindag-fredag
Karlskrona 2012 2112 2212 M-F,5 Endast mandag-redaq, shnday

ML Endast mindag-irdag

s Endast sondag
4-14 Jall utfor Trafikverket banartesen mellan Hasskenolm och Bromadllaiarishamn. Stk dn resa | appen elier pa skanetrafiken.se
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Q m Kopenhamn-Malmé-Héssleholm-Kristianstad-Karlskrona A e

Gar alla dagar om inget annat anges.
For resor under jul, nydr, pask,

252 Wil (iGH o3l GG iz NS (2% S (IS IO (1238 Wi (1280 W 290 a2 o Led o e il wrn A
MFS L MTiF- 0To M-F ML ML din resa p3 skanetrafiken.se eller i appen.

Kabeshaw H 1914 1944 2014 2018 2044 2118 2114 2144 214 244

Brestad 1921 1951 2021 2021 2051 a2z 2121 2151 221 2251

Tarsky 1924 1954 2024 2024 2054 2124 2124 2154 224 2254

CPH Airport 1929 1959 2029 2029 2059 229 2129 259 229 259

Hyfie 1942 2012 2042 2042 2112 242 2182 212 242 213

Hyflie 1915 1948 2018 2015 2048 2048 2118 2115 2148 2148 2218 2215 2248 2315 2318 2345 0045

Triasgeln 1918 1951 2021 2018 2051 2051 2121 2118 2151 2151 2221 2218 2251 2318 2321 2348 0048

Malms ¢ 1922 1955 2025 022 2055 2055 21.25 2122 2155 2155 2225 22.22 2255 23.22 2325 2352 W52

Malms ¢ 1924 1957 2027 2024 2057 2057 2127 2124 2157 2157 2227 2224 2257 23.2% 2327 2354 0054

Burlow 1929 | 2032 w2 | | 2322129 | | 2232 229 | 2329 2332 2359 0059

Rarp 932 | | @32 | | | a3k | | | 2232 | 232 | 00020102

Hisesp 935 | | 35 | | | 2435 | | | 235 | 2335 | 0005 0105

Kiosterganden 93 | | 238 | | | a3’ | | | 238 2338 | 0008 0108

Lusd € 1941 2007 2039 2041 2107 2107 2139 2141 2207 2207 2239 2241 2307 2341 2339 0011 0111

Lusd € 1944 2009 2041 2044 2109 2109 2141 2144 2209 2209 2241 2243 2309 2344 2341 0013 0113

Stanaty 1948 | | 2048 | | | 2148 | | | 2248 | 2348 | 0017 017

Ortotta ¥s1 | | @sL | | | a&as | | | 225 | 235 | a0

Esidy e e e e e e e e YD

Esiév 1957 2018 | 2057 2118 2108 | 2157 2218 2218 | 2257 2338 2357 | 0026 0126

Stehas 20 | | aes | | 2203 | | | 2303 | 0003 | 0033 0133

Hote 2009 029 | 209 2129 2129 | 2209 2229 2229 | 2309 2329 0009 | 0039 0139

Tiorsarp 215 | | a15 | | | 2215 | | | 2315 | 0015 | 0045 0145

Ststala 219 | | an | | 219 | | | 2139 | 0019 | 0049 0149

Hassieholm C 027 043 | 2127 2143 2143 | 2227 2243 2243 | 2327 2343 0027 | 0057 0157

Hassieholm € 2034 2m 23 2n 234 21 B3 0011

Vislow 2044 | 2148 | 224 | M I

Onenstas 2050 | as | 250 | B0 1

Kristiarstad 2056 2133 215 2233 2256 2333 2356 0033

Kristiarstivd 2139 2239

Fllkinge | |

Bromdlla 2152 2252

Solvesberg 2159 2259 TECKENFORKLARING

Morres 2213 213 B Pioauio

Morrim 2214 2314

Karlsharme, 22 B2 L- r:::l'

Brakne-Hoby 2237 2337

el byl et LTI F-Edast mandaa,tisdon, redag-stada

Bergisa .08 00,08 MF  Esdast mindagdredag

Karlskrena 212 0012 NS Endast mindag-freda stndag
ML Esdast mindag érdog
0To  Endast onsdag,teesdog

Skanetrafiken
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