
  

TSC-MT 11-027 

 

Spatial, Temporal and Size 

Distribution of Freight Train Time 

Delay in Sweden 

 

 
 Farzad FakhraeiRoudsari 

 

 
 

Master's thesis at:  School of Architecture and the Built Environment 

Division of Traffic and Logistics Department of Transport Science  

 Royal Institute of Technology (KTH) SE-100 44 Stockholm, Sweden 

 

 

 

 

 

Thesis Supervisor: Haris Koutsopoulos, Prof.  

Division of Transport and Logistics KTH Royal Institute of Technology, 

Stockholm, Sweden  

 

Thesis Supervisor: Inge Vierth  

Swedish National Road and Transport Research Institute (VTI) 

 

Thesis Supervisor: Niclas Krüger, PhD 

Swedish National Road and Transport Research Institute (VTI) 

 

Examiner: Albania Nissan, PhD 

Division of Transport and Logistics KTH Royal Institute of Technology, 

Stockholm, Sweden 

 

 Stockholm, November, 2011 

 



  



I 

 

Abstract  
Delays and cancelled trains are often described as a problem for companies that transport goods by 

rail. Lack of reliability of freight trains is seen as a disadvantage compared to other modes. To date 

there has been limited quantitative information in Sweden about the size and the structure of the 

problem of trains not arriving in time.  

In this thesis information for two years, 2008 and 2009 is available that enable us to do the analysis of 

distribution on a spatial, temporal and seize-frequency scale. Since the spatial and frequency-size 

distributions describe the vulnerability of a transport network it has potentially important policy 

implications.  

In the size-frequency scale, we analyzed different distribution to fit with the arrival delay at the final 

station and we conclude that, it is not possible to find a distribution for the whole range of 

observations. However, considering the tail of arrival delays we find that it is exponentially 

distributed. This implies that the tail makes up the biggest part of total delay time. The 20 % largest 

delays contribute to about 78% of total delay minutes.  

In the spatial scale, we defined stations which have the highest value of arrival delay in the whole 

network and ranked them. We found out that more than 50% of the total arrival delay per year occurs 

in just 7% of stations. With the help of regression analysis we analyze how delays are propagated in 

the network. We find that delays at the origin increase arrival delay but that some part of the initial 

delay is gained at arrival, probably due to large slack in the time tables.   

Finally, in the temporal scale we analyzed arrival delays in different time scales such as monthly, 

weekly and daily delays. We expected that the reduction of the total number of trains in 2009 would 

reduce not only total but also the average arrival delay since there would be more free capacity. The 

data shows however, that the average delay did not decrease as the number of trains decreased due to 

the economic contraction in 2009, indicating that capacity might not be as crucial for explaining 

delays as previously expected.  

  



II 

 

  



III 

 

Acknowledgment  
I owe a great many thanks to a great many people who helped and supported me during the writing of 

this thesis. I have taken efforts in this project. However, it would not have been possible without their 

kind support. I would like to extend my sincere thanks to all of them. 

I am highly indebted to VTI research institute members for their guidance and constant supervision as 

well as for providing necessary information regarding the project & also for their support in 

completing the project. I am heartily thankful to my supervisors at VTI, Inge Vierth and Niclas 

Krüger, whose encouragement, guidance and support from the initial to the final level enabled me to 

develop an understanding of the subject. 

I would like to express my deep sense of gratitude to my supervisor, Prof. Haris Koutsopoulos at KTH 

for his scientific guidance and his encouragement during my thesis and my studies at KTH.  

Finally, I take this opportunity to express my profound gratitude to my beloved family for their moral 

support and patience during my study in Sweden. I also wish to thank my friends here in Stockholm 

for they support and encouragement that let me own a happy life in Sweden.  

 

Stockholm, Sweden, November 2011 

Farzad Fakhraei 

  



IV 

 

  



V 

 

Table of Contents 

1 INTRODUCTION ....................................................................................................................................... 1 

1.1 BACKGROUND ............................................................................................................................................ 1 

1.2 PURPOSE, SCOPE AND DELIMITATION OF THESIS ................................................................................................ 2 

2 PREVIOUS RESEARCH ............................................................................................................................... 3 

3 DATA ....................................................................................................................................................... 5 

3.1 DEFINITIONS .............................................................................................................................................. 5 

3.2 DESCRIPTIVE STATISTICS ............................................................................................................................. 11 

3.3 CAUSES OF DELAY ..................................................................................................................................... 13 

4 METHOD ................................................................................................................................................ 18 

4.1 SELECT CANDIDATE OF THEORETICAL DISTRIBUTIONS ........................................................................................ 19 

4.2 ESTIMATING THE PARAMETERS OF A DISTRIBUTION .......................................................................................... 19 

4.3 GOODNESS OF FIT TESTS ............................................................................................................................. 19 

4.4 IDENTIFYING TAIL DISTRIBUTION ................................................................................................................... 20 

5 ANALYSIS ............................................................................................................................................... 22 

5.1 DELAY DISTRIBUTION ON SIZE-FREQUENCY SCALE ............................................................................................ 22 

5.1.1 Percentile ......................................................................................................................................... 22 

5.1.2 Distribution estimation .................................................................................................................... 23 

5.2 DELAY DISTRIBUTION ON SPATIAL SCALE ........................................................................................................ 25 

5.2.1 Rank-Size distribution of stations .................................................................................................... 26 

5.2.2 Geographical representation of arrival delays ................................................................................ 28 

5.2.3 Transmission of delays in origin on delays in destination ............................................................... 30 

5.3 DELAY DISTRIBUTION ON TEMPORAL SCALE .................................................................................................... 33 

6 CONCLUSION ......................................................................................................................................... 38 

7 FUTURE WORK ....................................................................................................................................... 39 

8 REFERENCES ........................................................................................................................................... 41 

APPENDIX A ................................................................................................................................................... 43 

APPENDIX B.................................................................................................................................................... 44 

APPENDIX C .................................................................................................................................................... 45 

APPENDIX D ................................................................................................................................................... 47 

APPENDIX E .................................................................................................................................................... 48 

APPENDIX F .................................................................................................................................................... 50 

APPENDIX G ................................................................................................................................................... 52 

APPENDIX H ................................................................................................................................................... 53 

 



VI 

 

  



VII 

 

List of figures 

Figure 1: Freight Transport Performance 1990-2009 “source Trafikanalys, Rail traffic 2009, Statistik 2010:21” .. 1 

Figure 2: Non-negative arrival delays at the final station by train number for 2008 (left) and 2009 (right) .......... 5 

Figure 3: Arrival deviation time at the destination for 2008(left) and 2009(right) ................................................. 6 

Figure 4: Non-negative departure delays from origin stations by train no. for 2008(left) and 2009(right) ........... 7 

Figure 5: Departure time deviation histogram from origin for 2008(left) and 2009(right) .................................... 7 

Figure 6: Comparison of number of cancelled train for their whole journey in 2008 and 2009 ............................ 9 

Figure 7: Level of Punctuality and delays for both years ...................................................................................... 10 

Figure 8: Refining database to get OD pairs for 2008 ........................................................................................... 12 

Figure 9: Refining database to get OD pairs for 2009 ........................................................................................... 12 

Figure 10: Share of different delay codes in whole network for 2009 .................................................................. 14 

Figure 11: Share of code usage in each category in 2009 ..................................................................................... 14 

Figure 12: Share of total delay by each category in different delay size .............................................................. 17 

Figure 13: The quantile-quantile (Q-Q) plot is a graph of the input (observed) data values plotted against the 

theoretical (fitted) distribution quintiles and the best fit should follow 45 degree line. Three candidate’s 

distribution Q-Q plots are compared and all are not follow linear line ................................................................ 24 

Figure 14: Testing power law behaviour in the distibution tail ............................................................................ 24 

Figure 15: Power law and exponential distribution test on arrival delays at final destination ............................ 25 

Figure 16: Rank-size distribution for both years ................................................................................................... 26 

Figure 17: Total train no. vs. arrival delay 2008 .................................................................................................... 29 

Figure 18: Total train no. vs. arrival delay 2009 .................................................................................................... 29 

Figure 19: Scatter plot of no. of trains vs. arrival delay in 2008 (left) and 2009 (right) ........................................ 29 

Figure 20: Arrival and departure delay over 1000(min) in 2008 (left) and 2009 (right) ....................................... 30 

Figure 21: Scatter plot of departure deviation time and relative arrival deviation time in 2008(left) and 2009 

(right) .................................................................................................................................................................... 31 

Figure 22: Departure delay vs. arrival  delay in 2008(left) and 2009(right) .......................................................... 32 

Figure 23: Arrival delay vs. total no. of trains in monthly scale for both years..................................................... 34 

Figure 24: Average delay vs. total number of trains ............................................................................................. 34 

Figure 25: Arrival delay and total no. of trains in weekly scale for both years ..................................................... 35 

Figure 26: Arrival delays at final stations vs. total number of trains in daily scale ............................................... 37 

Figure 27: Total no. of train vs. average delay in daily scale ................................................................................. 38 

Figure 28: Highlighted the stations which suffer high level of arrival delays in 2008(right) and 2009(left) ......... 50 

Figure 29: Highlighted the stations that accommodate high level of trains in 2008(left) and 2009(right) .......... 51 

Figure 30: Average delay (min) per train by stations in 2008(left) and 2009(right) ............................................. 52 

Figure 31: Arrival delays at final stations based on daily scale for both 2008 (blue) and 2009 (red) ................... 53 

 

file:///C:/Documents%20and%20Settings/FarzadF/Mina%20dokument/Dropbox/Thesis/finalized%20report/Farzad_thesis_Oct_final(3th%20revised).docx%23_Toc307922161
file:///C:/Documents%20and%20Settings/FarzadF/Mina%20dokument/Dropbox/Thesis/finalized%20report/Farzad_thesis_Oct_final(3th%20revised).docx%23_Toc307922162
file:///C:/Documents%20and%20Settings/FarzadF/Mina%20dokument/Dropbox/Thesis/finalized%20report/Farzad_thesis_Oct_final(3th%20revised).docx%23_Toc307922163


VIII 

 

  



IX 

 

List of tables 

Table 1: Arrival and departure deviation level for 2008 and 2009 ......................................................................... 9 

Table 2: Comparison of total delayed trains for 2008 and 2009 ........................................................................... 10 

Table 3: Summary descriptive of origin destination database in 2008 ................................................................. 12 

Table 4: Summary descriptive of origin destination database in 2009 ................................................................. 12 

Table 5: Total delay by each category ................................................................................................................... 14 

Table 6: Top five most affective codes in operator failue category ...................................................................... 15 

Table 7: Top five most affective codes in traffic management failue category .................................................... 15 

Table 8: Top ten failure codes for aggregated data of two years ......................................................................... 16 

Table 9: Descriptive statistics of delay category by combining the data of both years ........................................ 17 

Table 10: Percentile share in percentage of total delay minutes ......................................................................... 23 

Table 11: Comparison of power law and exponential distribution ....................................................................... 25 

Table 12: Rank-Size distribution of delays in 20 stations for both 2008 and 2009 ............................................... 27 

Table 13: Linear regression model results ............................................................................................................ 33 

Table 14: Problem causes of three week numbers ............................................................................................... 36 

Table 15: Days which have highest amount of delays .......................................................................................... 37 





1 

 

1 Introduction  

1.1 Background  
The Swedish freight rail transport is influenced traditionally by importing raw materials and energy 

and by exporting products related to mining and forestry which are considerably heavy products.  

Society's consumption increased demand for new goods and products, which is caused to spread the 

demand for more freight transportation on different markets. As markets have expanded and increased 

geographically, many goods and products are transported over long distances, which previously were 

produced and used locally.  

Statistics show increasing pattern for both long and short aggregated distance for truck usage within 

overall network (Transportarbetets utveckling 1970-2009). However, over the past few years 

increasing usages of unit load carriers, for example containers can be observed which can provide 

better opportunities for intermodal transportation. According to statistics from Trafa (www.trafa.se), 

transport performance by railway during 2008 and 2009 were 23.1 and 19.4 billion ton-kilometers 

respectively, see Appendix A. During 2008, goods transport by railway was 66.7 million tones and a 

large part of the freight was ore and other products from mining, however during 2009, the amount of 

transported fright was decreased by 17 percent to 55.4 million tones. Significant volume decline was 

belong to ore and other products from mining by 22% (from 28.2 million tons in 2008 to 22 million 

tons in 2009) then wagon load stays at the second group by 18% decline and intermodal consignments 

was the only category which shows the increasing by 15 % from 8.2 million tons in 2008 to 9.4 

million tons in 2009. As shown in Figure 1, despite an increasing amount of goods in 2009 and the 

recent positive developments in intermodal transportation, transport performance has declined by 6 

percent in intermodal consignments and both wagon load and ore on the ore railway declined in 2009.  

 

Figure 1: Freight Transport Performance 1990-2009 “source Trafikanalys, Rail traffic 2009, Statistik 2010:21” 

To date, rail infrastructure planning decisions that are supposed to lead to improve reliability for 

freight transport are made in the absence of defensible cost-benefit analyses. While the cost of 

improvements can be confidently estimated, the benefits of investment are much more difficult to 

identify. In terms of operational benefits to users, there are clearly benefits to freight carriers from 
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infrastructure investments or operational changes, also benefits to freight shippers and receivers. By 

estimating the benefit from reduced delay to carriers, shippers and receivers, it would be possible to 

improve CBA and decision making in infrastructure planning as well as track capacity utilization.  

Two basic characteristics in transportation are operations quality and capacity which can be achieved 

by measuring the reliability and punctuality of scheduled train operations. Punctuality of railway 

services depends heavily on reliability of resources (railway infrastructure, safety and signaling 

systems, rolling stock, and personnel). “Punctuality is an attribute that must be defined and agreed 

between involved stockholders. It is defined as the percentage of trains that do not arrive at (depart 

from, pass) a location later than a certain time in minute. Reliability is the ability of an item to perform 

a require function under given conditions for a given time interval” (Yuan J. , 2006) and more 

accurately in railways, is expressed by number of trains that run without being cancelled, on the other 

words, as a percentage of the number of trains scheduled to run. 

Swedish Transport Administration (Trafikverket) is responsible for the overall planning of the traffic 

on the track and maintenance of the Swedish railway network. In order to be able to manage the 

planning before and during construction of the timetable, Trafikverket process for allocation of 

capacity. The process is divided into an allocation and an ad-hoc process. 

 Allocation Process; Trafikverket handle requests for capacity. It is one year and lasts from 

December to December and operator sends their request, one year in advance.  

 Ad-hoc process; it is due to new capacity needs by operators. The process is to assign the train 

path in timetable that the operator needs to reply to his application within 5 days. 

In the Sweden, the threshold value for defining the punctuality of train operations is 5 minutes. 

Regarding to Trafikverket’s report, punctuality is not at an acceptable level today. Arrival punctuality 

in 2009 has been increased by 1.2% compare to 2008 which reach to 90.9%. The share of punctuality 

in passenger train in 2009 was 92.5% (91.7% for 2008) and for freight train was 78.3% (76.5% in 

2008). 
1
 

Railway infrastructure capacity and capacity utilization affect the volume of train services and the 

reliability and punctuality of real operations, respectively. Hence, focusing on train delays and the use 

of capacity utilization can bring many positive aspects in terms of planning and decision making, 

however, in this thesis the freight train time deviations will be analyzed. This includes, train delays- 

which is considered as their spatial and temporal scale distribution within the whole Swedish network 

also more concentration on large delays, train cancelations and very early train arrival are also will be 

focused in our analysis.  

1.2 Purpose, scope and delimitation of thesis 
In this thesis we are looking to capture the variation of train event times – early and late arrival and 

departure- using two databases from the Swedish Transport Administration (Trafikverket) which has 

the freight train time table for 2008 and 2009.  

The purpose of this thesis is about freight train delays and the analysis of their distribution on a seize-

frequency, spatial and temporal scale. In order to do the seize-frequency analysis, different distribution 

models regarding to train data will be evaluated to find the best model to represent the delays 

distribution on the Swedish railway network. Also, percentiles will be considered, for example, the 20 

percent largest delays amount for x percent of total delay hours that illustrate the importance of 

                                                      
1
 Trafikverkts monthly report ”F09-1511/TR00” 
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extreme delays and their share of total delays in the network. Spatial analysis can be done by 

computing the rank-size distribution to highlight the most important stations which suffering highest 

delay. Then conditional probabilities can be computed (in case we observe a train is 10 minutes late, 

what can we expect about the final delay time). Temporal analysis looks at the distribution of freight 

delays regarding different time series that help us to distinguish seasonal effects, correlation between 

days for both years also monthly correlations which can identify some important external factors such 

as weather conditions.  

The statistical analysis will be performed for train delays and its distribution on the spatial and size-

frequency scale. By identifying delays for specific segments or stations it is possible to identify the 

links which have the most prone to time deviations. 

Delimitation  

The main part of thesis is looking at long distance freight trains therefore, short distances, feeder trains 

or extra trains are excluded from analysis. Due to having only freight trains data and no passenger 

trains information, it is not possible to distinguish primary and secondary delays and further analysis 

will be done by absence of separating primary and secondary delays.   

Outline  

The rest of the report is organized as follows: A brief description of railway delay propagations and its 

role on punctuality and delay distributions are presented in section 2. In section 3, definition of train 

event times would be explained together with a brief description of database and delay sources in 

Swedish railway. In section 4, we deal with a method that is used to find distribution of delays. 

Analysis regarding distribution of delays on size-frequency, spatial and temporal scale would 

explained in section 5. Finally conclusions are drawn in section 6. 

2 Previous research  
The optimization of capacity utilization and timetable design requires the prediction of the reliability 

and punctuality level of train operations, which is determined by the delays of trains and delay 

propagation. According to previous research, the propagation of train delays mainly occurs during the 

arrival or departure of trains at stations, since the crossing or merging of lines and platform tracks are 

in most cases bottlenecks in highly used railway networks (Yuan J. , 2006). Although in North 

America usually predict the delay propagation caused by the meets and overtakes of trains on a single-

track line with two-way traffic. For passenger trains, the bottlenecks of a railway network are 

generally situated at stations (Carey & Carville, 2000), the real dwell times of trains often exceed the 

scheduled dwell times due to prolonged boarding and alighting caused by more passengers waiting at 

the platform for the delayed trains and therefore it will cause knock on delays at arriving and departing 

train due to late released time.  

One way to describe the punctuality level of train’s operators is to analysis the distributions of initial 

delay which is the difference between the actual event time and the scheduled time at a network 

boundary and the additional delays which is the difference between the actual and scheduled time 

periods for completing a running or dwell process within the network. Although there are limited 

literatures exists that did statistical analysis based on real world data (Goverde, 2005), (Yuan, 

Goverde, & Hansen, 2002).  
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The aim of providing delays distribution models is to predict the delays at the network and then it 

would be possible to predict their impact on the punctuality of the railway system. Therefore by 

having the results of distribution fitting, they can be used as input models of any analytical or 

simulation models for predicting the propagation of train delays and the punctuality of trains at certain 

stations. Based on this prediction, we are able to maximize railway capacity utilization while assuring 

a desired reliability and punctuality level of train operations. But we should keep in mind that 

distribution parameters of train event times, can be vary in different place and time. However, based 

on distributions and their flexibility, it might be possible to apply them in new stations or existing 

network when the parameters estimated and evaluated as accurate as possible.  

One of the first considerable valid models for delays in railway system is negative exponential 

distribution which is widely used so far. (Schwanhäuβer, 1994) probably is the first researcher who 

concludes that for non-negative arrival delays of passenger trains at the stations, negative exponential 

distribution is the best fit model and his result is confirmed by later studies (Goverde & Lopuhaa, 

2001), (Yuan, Goverde, & Hansen, 2002), (Haris, 2006), (Goverde, 2005). The exponential 

distribution of non-negative arrival delays is widely used as input data for some delay propagation 

models also for departure delays of trains at a station. 

More flexible distribution models were demanded to capture better fit of non-negative arrival and 

departure time, due to the peak of observations may locate around zero but the shape of histogram is 

often steeper than that of the exponential distribution which is subject to an accumulation of the 

previous delays. As an example Erlang, Weibull, gamma and log-normal distributions have been 

adopted to capture the stochasticity (Higgins, 1998), (Yuan J. , 2006), (Bruinsma, Rietveld, & Vuuren, 

1999). A symmetrical distribution without a lower bound such as the normal distribution cannot be a 

generic candidate distribution, although this sort of distribution might approximate the variability 

reasonably well in some situations (Yuan J. , 2006). 

(Yuan J. , 2006) compared the Kolmogorov-Smirnov goodness-of-fit among several distribution 

models selected for train event times and process times by fine-tuning the distribution parameters. The 

track occupancy and release times recorded at the Dutch railway station The Hague HS were used. He 

found out that Weibull distribution can generally be considered as the best distribution model for non-

negative arrival delays, departure delays and the free dwell times of trains. The shape parameter of a 

Weibull distribution which is fitted to either non-negative arrival delays or departure delays is mostly 

smaller than 1.0.  

(Güttler, 2006) fitted a normal-lognormal mixture distribution to excess running times of trains 

between two stations using the data obtained from the German Railway. 

(Nyström, 2006)investigates the identification of causes of unpunctuality of a single-commodity train, 

as well as suggestions of actions to give the greatest improvement in punctuality in case study from a 

steel company in Sweden. He categorized delays into short and long delays and found some causes 

behind them; he shows that many large delays might be caused by failures to infrastructure items such 

as turnouts, and/or by adverse weather and short delays might be caused by minor locomotive 

problems or low contact wire voltage due to nearby trains. Although there is no clear definition to 

distinction between the large and short delay. He concludes that since it is not possible to calculate the 

unpunctuality cost to the factory receiving the slabs as a function of a train’s arrival unpunctuality, it is 

hard to motivate punctuality-improving actions for the freight customer. Delay attribution codes 

assigned inconsistent that make the identification of unpunctuality more difficult and unreliable. These 
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are the other findings which Nyström mentioned in his paper which is consistent with my project in 

larger scale.  

(Nyström, 2007) used survey method to measure the consistency of train delay to all delay attributors 

in the Swedish railway. The survey asked for delay attributors’ answers to designed pictures, i.e. 

stories describing different delay situations. All delay attributors in Banverket were asked to indicate 

how they would report the delays presented in the pictures and revealed that there are quite large 

differences in how similar delays are reported in different parts of the organization; that is, the 

consistency of delay attribution is low.  

3 Data  

3.1 Definitions  
In a railway traffic system, when a train has lagged behind its schedule is defined as a delay. A train in 

Sweden is considered punctual if it is less than five minutes lagged behind the schedule at a station 

(Trafikverket’s definition). The dispatchers or other personnel, report the train delays into a database 

called TFÖR (Tågföringssystemet). A pamphlet describing the TFÖR codes (Banverket 1999) is 

available as an aid to reporting delays. Although we should be noted that a train might suffer a number 

of delays along its route, yet arrive punctually to the final destination, which can happen regarding to 

higher speed attained than planned for on certain parts of the journey. 

In this thesis first we will consider both types of delays, within the journey and at the final destination. 

The reason of focusing the delay along the journey is for understanding and clarifying some 

characteristic behind the delays, on the other words; we would like to see what kind of problem 

happened along the journey that lead to delay.  

Arrival delay  

The arrival delay is computed as the difference between the actual arrival time and the scheduled 

arrival time according to the published train timetable. Hence, positive arrival deviation time 

correspond to late arrival and negative values to early arrival.  

 

Figure 2: Non-negative arrival delays at the final station by train number for 2008 (left) and 2009 (right) 
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Figure 2 shows the arrival delay at the final destination in 2008 and 2009 for each train trip regarding 

to train number. Train number reflects a reserved train path in the timetable which indicates operators 

or being domestic or international train. With help of these figures it could be possible to investigate 

more deep in details for large deviations or more punctual train numbers. It was mentioned before that 

train number defines schedule train path also train operator such as Green Cargo, MTAB, TX Logistik, 

Tågab, BV Produktion and more or domestic and international freight trains. For example train 

numbers between 40,000 until 59,999 are international trains belong to other countries such as 

Germany, Norway, Denmark, Belgium and Austria. 

By looking at these figures it is possible to identify extremely high arrival delays which deviated 

strongly from the bulk of the data (red rectangular) and because of having abnormality they are 

considered as outliers (Goverde, 2005), although there is no clear reason why it happens, measurement 

errors can be one option.  

Generally as it can be seen in red area in figures above, total number of large deviations has been 

reduced in 2009 compared to 2008. There is no clear reason why number of large delays which 

appeared in 2008 is significantly higher than 2009 but more investigation is needed to find the reasons 

behind it. In section 5.2.3 we will focus on this problem.   

The empirical histogram of train deviation time at their final destinations are mostly bell-shaped and 

more skewed to the right (having a longer right tail), see Figure 3.  

 

Figure 3: Arrival deviation time at the destination for 2008(left) and 2009(right) 

As we can see from the figures above, most arrival times concentrate around zero (it means most trains 

arrive in time), some trains arrived early and others arrived late. The early arrivals correspond arriving 

earlier than timetable that might be happen due to depart from the preceding station without delay or 

cancelation of other trains or some other impacts. Late arrival occurs due to late departure from the 

preceding station or a large running time because of low speed or a sudden stop at any point due to 

priority rules. 
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Departure delay  

Figure 4 shows departure delay from the origin in 2008 and 2009 for each train trip regarding to train 

number. 

 

Figure 4: Non-negative departure delays from origin stations by train no. for 2008(left) and 2009(right) 

By looking at the figures above, we can see the same phenomena over 1000 minutes delay (red area) 

and we will discuss about them later in section 5.2.3.  

The empirical histograms of departure deviation time from origin of two years are shown in Figure 5.  

 

Figure 5: Departure time deviation histogram from origin for 2008(left) and 2009(right) 

From figures above, it can be seen that more than 30% of observations have early departure from their 

origin by 10 minutes. It seems that level of early departure by 20 minutes improved in 2009 compare 

2008 since the histogram skewed to left with more observations around the early departure time. 

However, it is important to check if increases or decreases of delay are caused by an increasing 

number of trains or if the delays per train increased or decreased that will be discussed later. 

Cancelled Train  

Cancelation of a train is used to measure the reliability of a railway network. There are many reasons 

why one train is cancelled. Poor infrastructure can cause many problems which lead to cancellation, 

combination of railway and train problem such as derailment, very long delay (mostly for passenger 
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trains), and extreme weather such as heavy snow can also lead to cancelation. But one important 

reason of cancelation is caused by operators because of no need for freight train at that moment. 

According to Trafikverket, most of the trains are cancelled by operators and few of them are done by 

Trafikverket mainly due to snow and very low temperature during the winter. 
2
 

However, in our database, there is no possibility to distinguish these two types of cancelations (by 

operator or by Trafikverket), although what we can see is that, either a train is cancelled for its whole 

journey which is labeled by cancelled train (Iställed tåg) or the train is cancelled to stop in some 

stations along the journey which is labeled as code “O29”.  

Train Cancelation at some stations (Code O29) 

As mentioned before, a train can be cancelled to stop at specific station along its journey due to many 

reasons, such as no current demand for loading or unloading goods as it was before according to 

timetable, external problem such as weather. (Nyström, 2007) showed in his paper that, most of the 

cancelations are not reported or cancelation’s code should be combined with the other codes that give 

better understanding of cancelation reason.  

By looking at the database, 24% reduction of cancelled train between two years can be seen. 1765 

trains were cancelled in 2009 on a part of their scheduled route compare to 2321 cancelled train in 

2008. Appendix B shows the location of stations that trains were cancelled.  

In these figures, cancelled trains on part of their scheduled path have been categories into three groups, 

low (1-30 cancelation), medium (31-150 cancelation) and high(more than 151 cancelation) and only 

two big categories (medium and high) have been labeled. As it can be seen, in 2009 there is only one 

station which located in high category compare to three stations in 2008. Another interesting finding is 

that the most frequent cancelation happened along ore and iron line which located in the north part of 

Sweden. By looking at these figures, it can be assumed that weather conditions may be one important 

reason for this kind of cancelation since north part of Sweden faces more extreme cold weather than 

other parts.  

However, by having not enough information, it would not be possible to conclude about train 

cancelation on their part of journey. Also it would be very time consuming to check each station 

regarding different months.  

Train cancelation for whole journey  

According to Trafikverket information, most of the trains cancelled by the operator when there is no 

need of freight train at that moment. Operators should send their request of freight train one year 

ahead, therefore, when demands in the society is reduced (such as crisis), operators need to cancel 

their scheduled trains to prevent extra costs. On the other hand, quite few trains were cancelled by 

Trafikverket (mainly due to snow and very low temperature during the winter). However, regarding to 

the available database, there is no possibility of distinguishing that these recorded cancelled trains is 

related to Trafikverket or operators.  

Overall 14,668 trains have been cancelled in 2008 which is 5.8% share of total journeys and in 2009 

the share of cancelled train reduced by 2.64% which caused 6312 cancelled train. This means that 

from 2008 to 2009, we faced 43% reduction of cancelation, although we should keep in mind that, one 

                                                      
2
 Information from Göran Jansson from Trafikverket (TRV)- email respond 
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part of reduction of cancelled train in 2009 came from demand reduction due to crisis also the quality 

of database can be the other challengeable reason. As we discussed before, having high share of wrong 

observations, such as very high speed trains, may influence much on final statistical values.   

Figure 6 shows cancelled train in both years.  

 

Figure 6: Comparison of number of cancelled train for their whole journey in 2008 and 2009 

As it can be seen, there is a significant difference between, number of cancelled trains for 2008 and 

2009. However, one general trend for both years is clear, that is, winter’s effect. Colder months such 

as January, February and December cause more cancelled train due to heavy snow or frizzing track 

and switches. Cancelation is not our main focus in this thesis and further inspection is excluded, 

however in further studies it could be possible to go deep in details for finding the causes of 

cancelation and to check if these cancelations are caused by operators or Trafikverket is responsible 

for canceling trains.  

Level of punctuality  

As we mentioned before, it seems in 2009, trains arrived more punctual to their destinations with 

higher reliability (fewer cancelations) but it is worth to know if this was happened due to network 

improvements or other external factors such as reduction of train journey was the main reason. 

Therefore, Table 1 is constructed which shows number of trains that arrived punctual, early or late 

from their timetable at the final stations for both years.  

Table 1: Arrival and departure deviation level for 2008 and 2009 

 2008 2009 

Arrival 

punctual 16% 15% 

delayed 27% 25% 

early arrival 56% 60% 

 

 

 

2008 2009 

Departure 

punctual 16% 15% 

delayed 21% 21% 

early departure 63% 64% 

number of trips without recorded time 20 66 

total number of trips 157539 125219 

In Table 1 punctuality defined as arriving or departing train less than 5 minutes deviation from time 

table. Delayed is defined as having more than 5 minutes deviation from timetable and early arrival or 

departure is defined as departing or arriving at least one minutes earlier than scheduled. In both years, 
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there are some observations that they have missed value for departure or arrival time which is labeled 

as unrecorded time trips in Table 1.  

As we can see the level of punctuality, delayed or early arrival and departure do not change 

significantly within two years. In 2009 level of early arrival improved by 4% compare to 2008 and 

level of delayed trained reduced by 2%. Decreasing in both level of punctuality and delayed and 

increasing the level of early arrival and departure can be seen in 2009 compare to 2008. However, by 

combining the early arrival or departure time with punctual category, the statistics would be more 

general and there would be the only difference between delayed and not delayed trips.  

These changes can be easily seen in Figure 7.  

 

Figure 7: Level of Punctuality and delays for both years 

According to the statistics from Trafikverket “Månadsrapport tågtrafik, F09-1511/TR00” the levels of 

punctuality at the final destination are 76.5% and 78.3% for 2008 and 2009 respectively. As it shows 

in Figure 7, the level of punctuality at final destination for 2008 and 2009 is 72.95% and 74.98% 

which is slightly different from Trafikverket’s monthly report. The differences may indicate the 

quality of database or some other influential measurements.  

This comparison cannot completely reveal that in 2009 the level of service has been improved, since 

the total number of trips has been reduced. Therefore, it necessary to investigate the level of service in 

more general and aggregate level such as average delay per train and even more general by delay at 

higher level such as the whole system. This can be seen in Table 2.   

Table 2: Comparison of total delayed trains for 2008 and 2009 

 

Total no. of train that arrived 

late (more than 5min) 

Average delay per 

train (min) 

S.D delay per train 

(min) 

Approximate Delay in whole 

system (hour) 

2008 42 602 50,36 69,38 35 760 

2009 31 314 54,34 76,50 28 361 

According to Table 2 reduction in total number of trains which arrived late to their final destination is 

reduced from 42,602 trains in 2008 to 31,314 trains in 2009 that means 26%. On the other hand, 

average delay per train is increased by 8% in 2009 compare to 2008 as can be seen in second column. 

In the mentioned report from Trafikverket, there is no clear statistic regarding total freight train delays 

punctual delayed punctual delayed

arrival departure

2008 72.95% 27.04% 79.13% 20.86%

2009 74.98% 25.02% 79.46% 20.54%
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at the final destination. In that report, it is mentioned that “total train delays for 2009 accounted 88,603 

hours, which is 1 percentage lower than for 2008. December 2009 had a delay level record, 13,627 

hours. This is the highest delay rate for a single month in at least 15 years due to extreme cold 

weather”. As it can be seen from table above, reduction of delays in 2009 compare to 2008 by 21% 

(35,760 hours delay in 2008 and 28,361 hours delay in 2009), mostly comes from reduction of trains 

that arrived late at their final station. In table 1, we also showed that total number of trains in 2009, has 

been reduced by 21% compare to 2008, so it is important to check if reduction of delays has been 

evenly or unevenly distributed. This will be analyzed later in temporal scale.  

3.2 Descriptive statistics 
In this database, each journey is defined by train number which represents the domestic or 

international train and train operation. These databases are based on track occupancy and released time 

of almost 6 million freight train observations per year. For each individual train, event times along the 

route including arrival and departure time at sections or stations, codes for any problem and 

cancelation at any stations or sections are given. From this information other interesting information 

such as arrival and departure delay, travel time and speed for both actual and planned trips for each 

individual train were then calculated.  

Since arrival delay at the final destination is the main focus and not delay at each station, 253,295 

origin – destination observations in 2008 and 237,783 origins – destination observations in 2009 were 

obtained from the databases. The origin destination (O-D) pairs which we are going to use in our later 

analyses are based on train numbers and they are not representing real sender to receiver. However 

they belong to some part of trips path. By the help of order number which count each station or check 

points on the path, it would be possible to define starting and ending point of train journey. Then some 

other useful information such as total length of the trip, average actual and planned travel time and 

average actual and planned speed were measured.  

Data clearance  

Before starting the statistical analyses from the database, it is essential to check whether if there are 

any wrong observations in database. Therefore it is very important to distinguish wrong observations 

from outlier. An outlier is an observation that lies an abnormal distance from other values in a random 

sample from a population and it can be correct but influential or wrong observation (Iglewicz, 1993). 

In a sense, this definition permits the analyst to choose what can be considered as an abnormal. 

Outliers should be examined very carefully. Most of the time, valuable information about the process 

under investigation are included inside them or the data gathering and recording process may cause 

observation as an outlier. Although one of the main focus of this thesis is to investigate the extreme 

values therefore, excluding outliers from database is avoided in descriptive statistic part. On the other 

hand, wrong observations are eliminated before further analysis.  

As an example of wrong observations, very high average speed – more than 200 km per hour- or 

arrived train before departure time can be mentioned. These observations were considered as wrong 

observations and they were omitted before further statistical analysis. 

By looking at the average speed distribution, we see that most frequent speed values are recorded 

within 60-75 km/hour and by knowing the fact that freight train speeds won’t exceed 120 km/hour
3
, 

the maximum threshold speed was defined on 120 km/hour. On the other hand, because of dwell time 

                                                      
3
 Bahnverket, Dokumentnummer SH-01-012, Datum 2008-08-25  
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and long waiting time, low average speed is expected to have. Therefore, there is no need to put 

minimum threshold for lower speed.    

Since short distances or feeder train or extra trains are not the main part of this thesis, the minimum 

distance for analyzing process times have been set on 30 kilometers. Therefore by introducing 

limitation for distance and excluding short distances, our database seems to be ready for further 

analyses. 

Summary of refining observations from raw database to the final desired format for analyzing can be 

seen in Figure 8 and Figure 9.  As we can see the share of wrong (high speed, arrived before depart 

and unrecorded value for departure or arrival time) and undesired (short distance or feeder trains) 

observations within origin- destination pairs is %37 and %47 for 2008 and 2009.  

 
Figure 8: Refining database to get OD pairs for 2008  

Figure 9: Refining database to get OD pairs for 2009 

Table 3 and Table 4 show the summary descriptive statistics for 2008 and 2009 respectively.   

Table 3: Summary descriptive of origin destination database in 2008 

Variable Obs Mean Std. Dev. Min Max 

Late Departure time (min) 58 377 24.45 48.27 0 1443 

Early Departure time (min) 99 142 -28.39 36.37 -1440 -1 

late Arrival time (min) 68 513 31.97 59.59             0 716 

Early Arrival time (min) 89 006 -30.67 37.85 -1444 -1 

Distance (Km) 157 539 224.1 244.0 30.1 1469.2 

Travel time (hour) 157 539 3.49 3.61 0.27 29.03 

Planned Travel time (hour) 157 539 3.39 3.52 0.30 21.75 

Speed (km/h) 157 539 64.96 15.89 1.31 119.99 

Planned speed(km/h) 157 539 66.45 14.72 6.71 117.33 
 

Table 4: Summary descriptive of origin destination database in 2009 

Variable Obs Mean Std. Dev. Min Max 

Late Departure time (min) 44 572 26.98 53.08 0 944 

Early Departure time (min) 80 581 -30.35 42.78 -1424 -1 

late Arrival time (min) 50 069 34.64 65.64 0 927 

Early Arrival time (min) 75 084 -32.85 43.41 -1477 -1 

Distance (Km) 125 219 220.0 242.7 30.1 1 447.5 

Travel time (hour) 125 219 3.38 3.59 0.27 33.08 

Planned Travel time (hour) 125 219 3.31 3.52 0.28 23.12 

Speed (km/h) 125 219 65.77 15.83 1.37 119.70 

Planned speed(km/h) 125 219 66.71 14.68 7.26 119.62 

•Total number of 
observations in 
the raw 
database 

6,766,331 

•Primary Origin 
Destination obs. 

253,295 

•Origin Destination without 
wrong observations 

158,121 

•Origin Destination OBS. without 
cancelled trains 

157,539 

•Total number of 
observations in 
the raw 
database 

6,140,445 

•Primary Origin 
Destination obs. 

238,783 

•Origin Destination 
without wrong and 
undesire observations 125,422 

•Origin Destination OBS. 
without cancelled trains 

125,219 
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According to Banverkets annual report (F09-1511/TR00) “The overall traffic volume, in terms of train 

kilometers, fell by 2.8 percent in 2009 compared to 2008.The volume of freight traffic in 2009 was 

14.2% lower than for 2008. In the beginning of 2009, the freight volume decrease almost 20% 

compared to 2008 due to less transport. Situation has improved gradually throughout the year to the 

December amount to 14.2%.” this can be seen from Table 3 and Table 4 that number origin 

destination trips in 2009 is lower than 2008 which is 125,219 compare to 157,539. 

The general view is that in 2009 train performs better than 2008, since travel time has decreased from 

3.49 hour to 3.38 hour for actual travel time and from 3.39 hours to 3.31 hours for planned travel time. 

The same pattern is seen for planned speed and actual speed by comparison of these two years. 

Because of extreme value observations, calculations of means and standard deviations become 

meaningless since they don’t represent the true nature of system.  

3.3 Causes of delay  
TFÖR is Trafikverket’s computer system and keeps track of all trains in Sweden. The cause and size 

of the delay is reported into the TFÖR if a train faced delay. The complete TFÖR brochure has about 

100 entries, of which about 98 were used by the respondents. A three digit code is assigned for each 

situation however; most of the codes are not used and are relevant only to some delay attributors or in 

special situations. In order to investigate reasons of delays along the journey, similar codes were 

categorized into five major categories; Full description of each category will be in Appendix C.  

1. Planned track work: With the work referred to agree A-work; Track work according to 

KTRAV (agreement) and etc. 

2. Traffic Management codes; such as Meeting, Train ahead, Train traffic control personnel 

missing, Incident/accident and etc.  

3. Operator’s codes; such as Train link, late departure from freight terminal, Stationary personnel 

missing, Circulation, train turning and etc. 

4. Vehicle codes; such as Damage pulling vehicle, changing engines due to damage and etc.  

5. Infrastructure codes; such as ATC error, Signals and interlocking functional failure, track 

failure (frizzed) and etc.  

6. Other codes; such as Police/illness, other cause, unknown cause and etc.  

It worth to mentioned that, since the procedure of entering codes are manual, there is a possibility of 

not assigning any codes or entering different codes for same problem (Birre Nyström, 2003). 

In order to analyze the causes of delay, percentage of different causes which makes the delay were 

calculated. This can be seen in Figure 10. 
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Figure 10: Share of different delay codes in whole network for 20094 

This figure shows the share of each code category cause of delay for whole trains in the Swedish rail 

network. One should keep in mind that, these values are measured for any delay on each train on their 

path and they are not representing the total delay in each year. These pictures aggregate delays for all 

trains on all tracks. As it can be seen, two major categories, traffic management and operator, caused 

more than 70% of delays for trains and by looking at Table 5, it would be possible to know the causes 

of delay more precisely by different category.      

Table 5: Total delay by each category 

Aggregate 

delay (hour) 
Infrastructure Operator Other 

Planned Track 

Work 
Traffic Management Vehicle 

Grand 

Total 

2008 7 096 27 798 3 291 2 147 30 755 5 637 76 724 

2009 6 399 26 134 2 036 1 274 23 211 4 693 63 746 

By looking at Table 5 and Figure 10, we can see that more than 70% of delays are caused by two 

major groups, Traffic management and Operator. However, it would be interesting to check the 

frequency of codes in each category to check if more frequent codes will cause more delays. 

Therefore, Figure 11 was developed that indicate the frequent usage of codes in each category.  

 

Figure 11: Share of code usage in each category in 2009 

                                                      
4
 Since the share of delay for 2008 was almost the same as 2009, figure for 2008 was omitted 
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By combination of these figures, frequency of codes and aggregate delays by each category, we can 

see that still two major groups, Traffic management and operator codes have large influence on the 

network. Other interesting finding is that, although the frequency of operator category codes is 26% of 

total, but affects more on the share of aggregate delay on the network, on the other hand, traffic 

management codes have been occurred more than 50%, still have almost the same share of delay on 

the network compare to operator codes.  

Therefore, we would investigate more on traffic management and operator failure codes to identify the 

top five-failures.  

Table 6 and Table 7, show the top five failure codes for two major groups in 2009 (since all values 

were almost the same in 2008, it was omitted in these tables)  

Table 6: Top five most affective codes in operator failue category 

Rank Operator failure code 
Number of 

failures 

Total Delay 

attributed to 

the 

failure(h) 

Percentage of delay 

attributed to the 

failure(within 

category) 

Average delay 

attributed to the 

failure(min) 

1 O30-Late departure from freight terminal 9 548 (8%) 6 546 30% 41 

2 O20-Train link 4 537 (4%) 5 502 14% 73 

3 O21-Circulation, train turning 2 667 (2%) 2 642 8% 59 

4 O33-Late from abroad 2 166 (2%) 2 443 7% 68 

5 O42-extra wagon service 2 503 (2%) 1 793 8% 43 

 

Table 7: Top five most affective codes in traffic management failue category 

Rank Traffic Management failure code 
Number of 

failures 

Total Delay 

attributed to 

the 

failure(h) 

Percentage of delay 

attributed to the 

failure (within 

category) 

Average delay 

attributed to the 

failure (min) 

1 L21-Meeting 37 334 (30%) 13 040 54% 21 

2 L23-Train ahead 13 183 (11%) 3 619 19% 16 

3 L22-Bypass 10 404 (8%) 2 850 15% 16 

4 L24-Crossing the train route 3 737 (3%) 967 5% 16 

5 L26-Scarcity of track 1 216 (1%) 485 2% 24 

Third column in tables above- number of failures- shows the frequency of assigned codes in each year, 

e.g. 9,548 observations have been labeled as code O30 which means having late departure from freight 

terminal. The fourth column- Total delay attributed to the failure- corresponds to cumulative non 

negative delay for each observation which labeled as defined code. Fifth column- Percentage of delay 

attributed to the failure- corresponds to the share of each code within each category. E.g. the share of 

failure O30 within Operator failure category is 30%. Since in this step we just focus two major groups- 

Operator and Traffic management category- this column would be useful to illustrate the most 

effective causes. Finally the last column- Average delay attributed to the failure- corresponds the 

average delay which is caused by specific code and values in parenthesis in third column represents 

the share of each assigned code in the whole database.  

As we can see from Table 6, the train link failures(O20) are relatively few in numbers (see column 3), 

yet cause a significant amount of delay-hours, as each failure results in a long individual delay, more 

than 1 h on average, as seen in the last column. On the other hand, in Table 7, the meeting failure 

(L21) reported frequently (see column 3) however as each failure results in a short individual delay, 20 

minutes on average, as seen in the last column.  
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Another interesting finding from Table 6 is the share of code O33, late from abroad. This code is 

used for late trains and wagons, mainly from the NSB (Norway railway) and the DSB (Danish 

Railway) and this failure results a significant average delay which is almost 1 hour into the network.  

Nevertheless, these two tables show the reason of delays within just two major groups and since there 

is almost no difference between the shares of causes of delays for two years, it would be interesting to 

merge the data of two years and try to find the most important reasons of delay. By doing so, one 

could have a good general view of the network vulnerability regarding the causes of delays and their 

shares which can be seen in Table 8.  

Table 8: Top ten failure codes for aggregated data of two years 

Rank 
Failure 

code 

Number of 

failures 

Delay attributed to 

asset failure (h) 

Percentage of delay 

attributed to each failure 

Average delay attributed to 

each asset failure (min) 

1 L21 91 499 30 547 31% 20 

2 L23 31 725 8 097 11% 15 

3 L22 24 438 6 552 8% 16 

4 O30 21 253 14 277 7% 40 

5 P10* 9 965 3 153 3% 19 

6 O20 9 618 10 967 3% 68 

7 L24 8 777 2 170 3% 15 

8 O21 5 418 5 216 2% 58 

9 O42 5 357 4 003 2% 45 

10 O33 4 796 4 729 2% 59 

* P10-Track work according to KTRAV (agreement) 

By looking at Table 8, except one code, P10 which belongs to the planned work category, rest of the 

top ten failures belong to previous described categories. It seems the heights share of delay in the 

network, comes from departing late from terminal and train ahead. In Appendix D, top 20 failures are 

shown.  Although Table 8 gives the general overview of the network and highlight the most significant 

causes of delay within the Swedish rail network, any judgment based on this table might not be 

correct. One reason is the high probability of not assigning codes for specific delay or using different 

codes for specific reason and other reason is that, we know the frequency of each code and also we 

know aggregate amount of delay by them but by looking at the histogram of codes we can see that if 

the specific code reported frequently with low delay or not frequent usage but with large delay since 

these two phenomena can affect the system very significantly.  

To do so, the histograms of the main six categories were developed with the same range for each year; 

see Appendix E.  

In Figure 11, we showed that more than 50% of the assigned code in the database came from Traffic 

management category although by looking at figures in Appendix C, we can see that 80% of time the 

code cause 20 minutes delay and most of the data are recorded below 200 minutes. on the other hand, 

categories such as vehicle and infrastructure have less frequency but they cause more delay in to the 

system. However, these histograms cannot reveal the importance of extreme delays and cannot give 

clear image if specific category follows by infrequent extreme delays or frequent modestly sized 

delays, hence, kurtosis measurement can be very useful. Kurtosis measures the degree to which 

exceptional values, much larger or smaller than the average, occur more frequently (high kurtosis) or 

less frequently (low kurtosis) than in a normal (bell shaped) distribution; that is, it allows you to assess 

whether the distribution curve has most of its area close to the center or whether it has long tails 

(GenStat Manual). By combing observations of both years, Table 9 was obtained that illustrates 

statistical descriptive of each category.  
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Table 9: Descriptive statistics of delay category by combining the data of both years 

 
Infrastructure Operator Other 

Planned Track 

work 

Traffic 

management 
Vehicle 

Number of 

observations 
25 440 69 242 9 569 10 725 167 369 12 720 

Mean (min) 31.83 46.73 33.40 19.14 19.35 48.72 

Standard 

deviation (min) 
57.89 71.17 72.43 41.08 39.58 72.68 

Kurtosis 47.83 65.35 43.27 228.5 131.2 25.14 

The aim of showing this table is to highlight the importance of delay causes regarding each category. 

The mean measure of central location (expected Value) and it can be seen that in traffic management 

category, the mean is lower compare to vehicle which is expectable. For example when two trains 

meet each other (traffic management code) it will take much lower delay than when the engine of 

locomotive stops. Standard deviation measures dispersion that can be very high such as vehicle case or 

low as in traffic management case. Kurtosis measures the peakedness of the probability and by looking 

at the kurtosis; it would be possible to distinguish what kind of codes may have more extreme affects 

into the network. A high kurtosis distribution has a sharper peak and longer, fatter tails, while a low 

kurtosis distribution has a more rounded peak and shorter thinner tails. Planned track work category 

which has the highest kurtosis value then follow by traffic management category which can be 

interpreted as they have very sharp peak distribution around mean, although it follows with fatter tail. 

Other way of looking at delays regarding to different category is to look at different shares of category 

on delays according to different delay size. For example we would like to check what the share of 

different category is, while delay caused by specific code is exceeded 3 hours. Figure 12 can answer 

this question. Previously in Figure 10 we saw that operator and traffic management were the two 

biggest categories regarding the total aggregate delays. The same pattern can be seen, in Figure 12, 

that these two categories still have the highest share in each delay size. One general finding is that, 

when the code causes less than one hour, more than half of the share belongs to traffic management 

category and while the failure delays were increasing, other categories became more important such as 

vehicle that became almost double while delay increases from one hour to 3 hours.  

                            

Figure 12: Share of total delay by each category in different delay size 
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Overall, it seems delays regarding traffic management category are more frequently happen with very 

high share while the delay is not exceed one hour. On the other hand, the share of delay in each 

category above one hour seems to keep the same pattern and operator category seems to be the most 

important failures.  

4 Method 
Approaches to distribution fitting 

Probability distributions are a fundamental concept in statistics. They are applied on both theoretical 

level and practical level. (NIST/SEMATECH e-Handbook of Statistical Methods) 

The procedure of finding the fitted distribution in many cases are straight forward, first we need to 

choose two or more candidate distributions, then compare the results and finally select the one which 

gives the best valid results. In the first part, based on properties of the data, some identification 

methods can be applied such as histogram to check whether data follow symmetric, left-skewed, or 

right-skewed shape and use the distributions which have the same shape or looking at the descriptive 

statistic tests and exclude or include distributions. Then, for fitting the candidate’s distributions, 

statistical methods are used to estimate distribution parameters. After the distributions are fitted, it is 

necessary to determine how well the distributions you selected fit to your data. This can be done by 

using the specific goodness of fit tests or visually by comparing the empirical (based on sample data) 

and theoretical (fitted) distribution graphs. As a result, you will select the most valid model describing 

your data. 

The procedure of fitting distribution is summarized as following and later each part will be discussed. 

1. Choose candidate of theoretical distribution to test. 

i. Prior knowledge and research 

ii. Summary statistics (Minimum, maximum, mean, median, standard variation, 

skewness, coefficient of variation) 

iii. Histogram (approximation of PDF, shape, symmetric and non-negative) 

2. Estimate distribution’s parameters 

i. Method of moments (MOM) 

ii. Maximum likelihood estimate (MLE) 

iii. Least squares estimate (LSM) 

iv. method of L-moments 

3. Examine validity of selection 

i. Graphical technique test (Frequencies, difference of cumulative 

distributions , Probability-Probability and Quintile-Quintile plots) 

ii. Quantitative Techniques tests (Chi-Square, Kolmogorov-Smirnov (K-S)) 
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4.1 Select candidate of theoretical distributions 
A probability distribution is characterized by location, scale and shape parameters. Location parameter 

simply shifts the graph to the left or right on the horizontal axis and scale parameter cause the 

probability distribution function to be scratch or squeeze around location parameter (Chambers, 1983). 

For the normal distribution, the location and scale parameters correspond to the mean and standard 

deviation, respectively. However, this is not necessarily true for other distributions. In fact, it is not 

true for most distributions.  

Regarding to the previous studies in non-negative arrival or departure time from a station or specific 

segment in railway, many probability distributions have been imposed to fit with the data. Weibull, 

exponential and gamma distribution are some of these mostly used distributions, however, we should 

emphasis that all these studies have been done on passenger trains and no more relative study on 

freight trains have been found. Since passenger trains have more robust timetable, deviation from the 

schedule such as very early or late arrival or departure cannot be as vary as freight trains. Due to this 

difference, we would expect to have fat tail distributions such as exponential, weibull, gamma or 

Pareto that capture extreme large delays.  

4.2 Estimating the parameters of a distribution 
After choosing candidate distributions, statistical methods are used to estimate distribution parameters. 

The following methods are used technically to estimate the parameters; 

 Method of moments (MOM) 

 Maximum likelihood estimate (MLE) 

 Least squares estimate (LSM) 

 Method of L-moments 

In this thesis EasyFit
5
 and Matlab software has been used for estimating the parameters of the fitted 

distribution. For many distributions, EasyFit uses the MLE method involving the maximization of the 

log-likelihood function. Given the initial parameter estimates vector, this method tries to improve it on 

each subsequent iterations. The algorithm terminates when the stopping criteria is satisfied (the 

specified accuracy of the estimation is reached, or the number of iterations reaches the specified 

maximum).  

4.3 Goodness of fit tests 
In order to examine the quality of the examined distributions, both qualitative and quantitative 

goodness-of-fit tests can be used. Five main qualitative approaches for comparing fitted distributions 

with the true underlying distribution can be used (Law & Kelton, 2000). These approaches include 

density/histogram over plot, frequency comparison, distribution function differences plot, probability-

probability plot and quantile-quantile plot which will be examined later on.  

Beside qualitative tests which are a good guide, the quantitative goodness-of-fit tests help us to weed 

out poor candidates. The statistical hypothesis test is used to examine formally if the actual 

observations are an independent samples from a specific distribution with defined distribution 

function. The hypotheses are defined as: 

H0: The data follow a specified distribution 

H1: The data do not follow the specified distribution 

                                                      
5
 EasyFit is a statistical software that find the best fitting distribution on a dataset. 
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Although it is worth to mention that failing to reject the null hypothesis does not necessarily means 

accepting the null hypothesis as being true (Law & Kelton, 2000). Moreover goodness-of-fit tests are 

vulnerable to the small sample size as not being very sensitive to precise disagreements between 

observed data and fitted distribution also these tests are almost leads to reject the null hypothesis in 

large sample sizes (Gibbons, 1985). Although rely on these tests are sufficient enough to accept the 

distribution which is almost true. 

In this thesis two main quantitative goodness-of-fit tests, Chi-Squared which is more formal 

comparison of a histogram with the fitted density or mass function and Kolmogorov-Smirnov (K-S) 

tests which compares an empirical distribution function with the hypothesized distribution function are 

selected to capture the fitted distributions.  

After estimating the parameters, EasyFit ranks the distributions regarding their goodness of fit tests, 

Chi-Squared and Kolmogorov-Smirnov, which show how well the selected distribution fits with the 

data. 

Fat tail distributions Vs. Normal distribution  

Fat tails are defined as tails of the distribution that have a higher density than what is predicted under 

the assumption of normality. For example, a distribution that has an exponential decay (as in the 

normal) or a finite endpoint is considered thin tailed, while a power decay of the density function in 

the tails is considered a fat tailed distribution (LeBaron & Ritirupa , 2004). One property of 

distinguishing fat tail distribution is having extremely large skewness and kurtosis which are third and 

fourth distribution moments. 

In the Table 3 and Table 4 of descriptive statistics part, it can be seen that maximum value of delays 

are much higher than 3σ and by knowing that fact that in normal distribution nearly all (99.73%) of the 

values lie within 3σ, we can conclude that, our observations do not follow normal distribution. Log-

Normal, Pareto, Levy, Weibull, Burr and Log gamma are commonly used fat tail distributions for non-

negative data or one tail distributions and Cauchy and t distribution for two tail distribution. Interested 

reader can find more information regarding normal and other mentioned fat tail distributions in (Law 

& Kelton, 2000).  

4.4 Identifying tail distribution 
Power laws have a long history and appear widely in many occasions such as physics, society and 

biology and are often cited as proof for fundamental processes that lie beneath the dynamics 

structuring of these systems (White, Enquist, & Green, 2007). One type of power law is the frequency 

distribution, where the frequency of some events is related to the size, or magnitude, of that event 

(e.g., the size of the individual) and the other type is by ranking the events by their size.  

Zip’f law looking at the size of event and its relative rank among the others, Pareto instead of asking 

what the rth largest event is, he asked how many people (in our case train) have an event (let say 

income or in our case delays) greater than x (specific income value or in our case delay). We should 

mention that Pareto and Power Law distribution are the same distribution and from now, power law 

will be used since it is more general term.  

Power Law Distribution 

Richardson was the first person who proved that the frequency of "fatal quarrels" decreases as the 

lethality of the incidents increases (Richardson, 1948); obvious as this seems, the relationship is 
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surprisingly regular. He discovered an inverse power law distribution between incident’s violent size 

and its frequency. It can be seen by regressing log of the frequency against the log of sizes which had 

negative straight line slop. With the maximum likelihood principle he measured the slope of the line 

within 3 and 8 magnitudes of incident’s violent size, although the Power Law behavior does not seem 

to hold at less than magnitude 3. He used OLS regression to estimate the parameters of the Power Law 

and later (Cederman, 2003) has replicated and modified Richardson's studies. Meanwhile, a number of 

methods have been developed for identifying and assessing the power law behavior, most recently; 

(Clauset, Shalizi, & Newman, 2009) they suggest better methods to estimate, test, simulate, and 

interpret power law distributions, based on the method of maximum likelihood. In this thesis, I begin 

with demonstrating the power law behavior on the tails by plotting the log of the delay size and the log 

of the frequency and then estimate the parameter with maximum likelihood method.  

Mathematically, a continuous random variable is said to have a Power Law distribution if it follows by 

following probability distribution for all real values greater than Xmin (for Xmin>0) ; 

  

Where, α is a constant parameter of the distribution known as the exponent parameter, and C is a 

normalization parameter.  

After normalizing constant value, we can calculate exact probability of an event by; 

   

The cumulative distribution function is then given by; 

 

Similarly after normalization we will have (for more information please check (Clauset, Shalizi, & 

Newman, 2009): 

 

Generally there are few empirical phenomena that follow power law for all ranges of X and practically 

power law characterize the tail of the distribution, i.e. the probability distribution of values of X 

greater than some value the minimum of X (Adamic, 2002). In this case we normally say that the tail 

of the distribution follows power law.  

In power Law, finding the Xmin is mostly evaluated visually by plotting frequency and size of delay 

in double logarithmic scale. Nevertheless, in this thesis, Matlab codes from (Clauset, Shalizi, & 

Newman, 2009) have been implemented to estimate the minimum value of X.  

In order to estimate the exponent (α) different approaches currently are used in the literature. These 

techniques are; the cumulative distribution function and maximum likelihood estimation.  

The cumulative distribution function (CDF) measures the probability that a random variable X lies 

from . This method is straightforward to construct for a give values. To construct this 

method, values of X are sorted or ranked from smallest to largest, then empirical CDF of each 

observation is estimated and by taking the logarithm of the probability density of a Power Law random 
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variable, the equation 5 will be transformed to equation 7 that the slope of the linear equation is a 

function of α. 

 

maximum likelihood estimation: Doing a linear regression to fit line to through the data points and 

with the exponent parameter as a slop is very sensitive to noise, and is highly subjective therefore, we 

prefer to use a maximum likelihood estimator, which is considered the most reliable of usual 

estimators. (Clauset, Shalizi, & Newman, 2009). Although MLE does not give any opportunity for 

visual inspection of the distribution to check if the assumption of power law behavior is reasonable. 

(White, Enquist, & Green, 2007).  

MLE determines the parameter values that maximize the likelihood of the model (in this case, a power 

law with an unknown exponent) given the observed data. Specifically, MLE finds the value of α that 

maximizes the product of the probabilities of each observed value of x. (Rice, 1994) 

The maximum likelihood estimator of the exponent parameter α corresponding to n data points where 

 is: 

 

In this thesis, Matlab codes were used to evaluate power law exponent.  

5 Analysis  

5.1 Delay distribution on size-frequency scale 
The aim of this part is to find the proper distribution which can fit with our observations. However, 

first we would like to highlight the importance of large delays. On the other words, we would like to 

check if many small delays or few large delays are more important. This can be done by looking at the 

percentiles that will be explained in the following section and we would show the result of distribution 

fitting in section 5.1.2.  

5.1.1 Percentile  

One way of estimating the proportions of the data that should fall above and below a given value, 

called a percentile (NIST/SEMATECH e-Handbook of Statistical Methods). For example, the 20th 

percentile is a value, such that at most 20% of the observations are less than this value and at most 

80% are greater. The 50th percentile is called the median.  

In order to check whether many 5 minute deviations from timetable or few extremely large deviations 

are the real problem in freight train delay, we examine different percentiles of arrival delays at the 

final destinations, in order to illustrate their share of total delay minutes. For example, by examining 

the 90
th
 percentile we can see how much the 10% largest delays account for as percentage of total 

delay. To do so, centile command in Stata
6
 has been used. 

                                                      
6
 Stata is an integrated statistical package created in 1985 by StataCorp for data analysis, data management and graphics. 
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By concerning the arrival delay at the final destinations, Table 10 was obtained that shows the 

percentile share in percentage of total delay minutes in 2009 (percentile value in 2008 was omitted 

since it was the same as 2009).  

Table 10: Percentile share in percentage of total delay minutes 

 

 

 

For each percentile on the first column of Table 10, total number of observations that fall above them 

is mentioned in second column. The third column represents the average of arrival delay regarding to 

their percentile and fourth column reports the share of each percentile on the percentage of total delay.  

 For example 80th percentile means that 74% share of delays in total caused only by 20% of 

observations, which is closed to Pareto Principle. “It is a common rule of thumb in business; e.g., 

"80% of your sales come from 20% of your clients”. 99
th
 percentile means that 13% of total delays are 

caused by only 1% of observations. Regarding these calculations we can see that how extreme delays 

are important and how they may affect the share of total delays. We saw that there is no difference 

between two years regarding the share of large delays on total delay on the network.  

5.1.2 Distribution estimation 

Selecting the proper distribution  

In order to compare candidate distributions, EasyFit software were applied to find the best distribution 

model. As mentioned earlier Weibull, Exponential and Pareto have been selected as candidate 

distributions. EasyFit supports all the most popular goodness of fit tests, including the Kolmogorov-

Smirnov, Anderson-Darling and Chi-Squared tests also qualitative goodness of fit tests. Once the 

distributions are fitted, EasyFit displays the goodness of fit reports which include the test statistics and 

critical values calculated for various significance levels. Since the goodness of fit test statistics 

indicate the distance between the data and the fitted distributions, it is obvious that the distribution 

with the lowest statistic value is the best fitting model. Based on this fact, each distribution is ranked 

(1 = the very best model, 2 = the next best model etc.) regarding to highest p-value of the 

Kolmogorov-Smirnov test, allowing to easily compare the fitted models and select the most valid one. 

Since more than 100, 000 (68 512 in 2008 and 50 069 in 2009 of non-negative arrival time) 

observations were used to model the fitted distribution; all goodness of the fit tests was rejected and it 

would not be possible to accept specific distribution for different type of train delays. However this 

does not mean rejecting the hypothesized distribution because of having large observation size. 

To relax this problem, the database was split into minor sub-sets with randomly 1000 observations for 

each sub set, in order to pass the goodness of fit tests (Kolmogorov-Smirnov and Chi-Squared). After 

100 times run the software and record the best distribution, it found out that, Generalized Pareto 

distribution could be the best distribution among the others, however, it seems still splitting data could 

not give accurate results since quantitative tests (Chi-Squared and Kolmogorov-Smirnov) were still 

rejected in each subset and by looking at qualitative tests (such as Quintile-Quintile plot, see Figure 

13) it seems accepting Gen. Pareto distribution for whole database cannot be acceptable, therefore, we 

Percentile Total no. of observations Average delay (min) Percent of delay in total 

50th 25 090 65,89 95% 

80th 10 026 127,74 74% 

90th 5 022 187,65 54% 

95th 2 507 259,42 37% 

99th 500 454,23 13% 
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decided just focus on tail of distribution and as mentioned in percentile section, large delays are the 

most important part of our network.  

 

Figure 13: The quantile-quantile (Q-Q) plot is a graph of the input (observed) data values plotted against the theoretical (fitted) 

distribution quintiles and the best fit should follow 45 degree line. Three candidate’s distribution Q-Q plots are compared and all are 

not follow linear line 

Estimation of tail distribution  

Power law distribution will be discussed for measuring the effects of large delays. Identifying power-

law behavior in both natural and man-made phenomena is tricky. The standard way to define power-

law behavior is a straight line by plotting logarithmic scales of the quantity histogram. To do the 

power law distribution test for the tail, both databases were combined to increase the possibility of 

having very large delay values; otherwise the distribution would have faced very sharp falling.  

Figure 14 shows the delay size distributions for arrival delay at the final destinations in a double 

logarithmic scale. In x-axis we have, logarithm of arrival delay at final station in minutes and on y-

axis we have, logarithm of cumulative frequency of arrival delays. 

 

Figure 14: Testing power law behaviour in the distibution tail 

By looking at the Figure 14, it seems power law behavior can be applied by limiting the observation at 

some minimum and maximum boundaries. As mentioned before, power law distribution does not 

necessarily applied for all range of data although it can be seen on the distribution tail.  
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Based on MLE method In (Clauset, Shalizi, & Newman, 2009),  and  are estimated as; for each 

possible choice of , value of  based on maximum likelihood method is estimated and 

Kolmogorov-Smirnov goodness of fit is calculated and then we select our estimate of , the value 

that gives the minimum value for Kolmogorov-Smirnov test over all values of . 

Figure 15 shows the magnitude of data which follows power law behavior. Although as mentioned 

before, perfect power law should have a straight linear line over double logarithmic scale, hence we 

can conclude that our data follows power law behavior up to some limit values and above those, it 

seems it will decay exponentially. One reason of having this phenomenon is the scares of having very 

large delays. This would be also logical since, magnitude of delay will not be finite and very large 

departure delay would lead to cancelled train.  

 

Figure 15: Power law and exponential distribution test on arrival delays at final destination 

As it can be seen from Figure 15, exponential distribution can give better understanding for the 

extreme values on tail. Table 11 summarized estimated values for both exponential and power law 

distribution with limitation on tail.  

Table 11: Comparison of power law and exponential distribution 

model 
Power Law Exponential 

  

Coefficients (with 95% confidence bounds): 
C = -0.01648  (-0.01709, -0.01587) C = -0.1567  (-0.158, -0.1554) 

a = 3.212  (3.191, 3.233) a = 0.584  (0.5825, 0.5854) 

Goodness of fit 

R-square 0.9964 0.9995 

Adjusted R-square 0.9964 0.9995 

RMSE 0.06706 0.02543 

Regarding the high R-square of exponential distribution, we can conclude that, exponential 

distribution can be selected and use in the field of arrival delays at final stations in freight trains of 

Swedish network.  

5.2 Delay distribution on spatial scale 
In this part we would like to examine arrival delay at the final destinations regarding to different 

stations. In this part, total arrival delay at the final stations, total number of trains which have delayed 

and average delay per train in each final station would be studied. Therefore, we will answer these 
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questions; which stations received maximum amount of delays, accompany the highest number of 

trains and have the highest level of average delays.  

5.2.1 Rank-Size distribution of stations 

In characterizing and analyzing many phenomena, rank-size distribution has been used. These 

phenomena such as distribution of city sizes around the world (Fonseca, 1988), sizes of businesses, 

lengths of rivers, frequencies of word usage, wealth among individuals, etc. follow power laws such as 

those called Zipf's law, the Yule distribution, or the Pareto distribution (Adamic, 2002). To do the rank 

– size distribution, first we need to rank the size of delays in a given stations in a descending scale and 

calculates the natural logarithm of the rank and delay size. The resulting graph will show a remarkable 

log-linear pattern which shows the rank – size distribution.  

In our case of arrival delays at the final stations, the distribution in a whole network will be 

characterized by a station with the largest delay then follow by stations with decreasing amount of 

delay respective to the previous one, initially at a rapid rate and then more slowly. By doing so, we 

would expect to have a few stations with large delays and many stations with order of smaller 

magnitude of delay.  

This distribution can be described by the model 

 

Where S is the delay size above some threshold s, r is the rank of each delay at stations in decreasing 

order of size, k is a total amount of delay of the first station in the rank order, and b is the scaling 

exponent adapted from (Ricottaa, Avenab, & Marchettic, 1 July 1999). By taking the logarithm of 

both sides, we get; 

 

 

Where  is the y-intercept and  the slope of the line estimated by regression. Equation above is 

used to model rank-size distributions and estimate  (DiBari, January 2004). Although first, 

visualizing would give better understating. Figure 16 ranks first 20 stations which have the largest 

arrival delays, first largest station regarding its arrival delay, rank as 1 and so on, on logarithmic scale 

on both axes.  

 

Figure 16: Rank-size distribution for both years 
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A double-log model was fitted to the data via Ordinary Least Squared (OLS) regression and very high 

value of R-square show model fits very strongly to the data. This method is used for estimating the 

linear relationship between independent variable (rank) and dependent variable (size of delay). This 

method minimizes the sum of squared vertical distances between the observed responses in the 

database and the responses predicted by the linear approximation see e.g. (Rice, 1994). 

Zipf reported that the power exponent b is approximately 1 in the case of cities, so that the special case 

b = 1 is generally called Zipf’s law (Zipf, 1949 ). Since many empirical data, such as the frequency of 

words in a literature and the income of companies, obey Zipf’s law, it is believed to be universal 

regularity. However, it seems in our case, delay distribution of stations, they don’t follow Zipf’s law 

behavior. Nevertheless, by doing this analysis, other interesting behavior has observed. Table 12 ranks 

the first 20 largest stations regarding delay, out of 270 stations.  

Table 12: Rank-Size distribution of delays in 20 stations for both 2008 and 2009 

2008 

 

Station Rank Total Arrival delay (hour) % share of total delay stations Cumulative No. of O-D pairs 

Hallsbergs marshaling yard* 1 3883 11% 11% 52 

Borlänge c* 2 1838 5% 16% 42 

Malmö freight yard* 3 1577 4% 20% 34 

Kiruna ore yard 4 1424 4% 24% 6 

Sävenäs marshaling yard* 5 1317 4% 27% 35 

Boden central 6 1222 3% 31% 30 

Göteborg Skandia harbor 7 1065 3% 34% 24 

Sala 8 983 3% 36% 27 

Gävle freight yard* 9 893 2% 39% 30 

Luleå 10 855 2% 41% 8 

Frövi 11 713 2% 43% 37 

Vännäs 12 658 2% 45% 27 

Älvsjö freight yard 13 646 2% 47% 16 

Nyfors 14 645 2% 49% 17 

Trelleborg* 15 625 2% 50% 16 

Älmhult 16 598 2% 52% 10 

Charlottenberg 17 591 2% 54% 15 

Koskullskulle 18 579 2% 55% 1 

Ånge* 19 564 2% 57% 37 

Laxå 20 531 1% 58% 26 

2009 

Station Rank Total Arrival delay (hour) % share of total delay stations Cumulative No. of O-D pairs 

Hallsbergs marshaling yard* 1 2596 9% 9% 59 

Borlänge c* 2 1335 5% 14% 43 

Boden central 3 1229 4% 18% 29 

Malmö freight yard* 4 1133 4% 22% 29 

Göteborg Skandia harbor 5 952 3% 25% 20 

Sävenäs marshaling yard* 6 910 3% 28% 25 

Nyfors 7 875 3% 31% 18 

Luleå 8 753 3% 34% 5 

Koskullskulle 9 718 2% 36% 1 

Frövi 10 652 2% 39% 27 

Vännäs 11 651 2% 41% 28 

Piteå 12 624 2% 43% 5 

Charlottenberg 13 624 2% 45% 11 

Ånge* 14 613 2% 47% 38 

Norrköpings c 15 606 2% 49% 14 

Gävle freight yard* 16 515 2% 51% 22 

Peberholm 17 503 2% 53% 6 

Sala 18 470 2% 55% 24 

Umeå central 19 461 2% 56% 4 

Göteborgs norra 20 457 2% 58% 8 

As it can be seen, there are some differences of ranked stations for year 2008 and 2009. Although 

Hallsbergs Marshaling yard is the first station in both years then the order of stations regarding the 

total arrival delays have been changed. By looking at Table 12, we can see that 7 marshaling yards in 

2008 and 6 marshaling yards in 2009 out of total 13 marshaling yards in Sweden, are located in first 
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20 largest stations regarding delay and these stations are mentioned by star(*). Although it is not 

surprising to have marshaling yards within the largest stations since there will be more number of 

arrival trains. These shows on the last column (No. of O-D pairs) which indicates how many links are 

connected to specific station. For example, there are 52 stations that their destination is Hallsberg 

marshaling yard. As we can see, all marshaling yards, face significant high number of links connected 

to them which make complex network and high chance of large delay. However, there are some 

stations in both years despite having fewer links still suffer high level of delays, such as 

“Koskullskulle” with only 1 connection, “Kirona ore yard” with 6 connections,” Umeå Central” with 4 

connections, “Piteå” with 5 connections,”Luleå” with 5 connections,” Peberholm” with 6 connection 

and except Peberholm, all the others are located in north part of Sweden that have single track and 

more extreme cold weather. However, it is worth to mention that stations such as Luleå, Umeå and 

Piteå are all located at the borders and there would be no more travel from these stations when a train 

arrives.  

By looking at Table 12, it seems, more than half of the arrival delays at the final stations in whole 

network are aggregated in only 20 stations out of 270 stations that is significantly high and reveal that 

how the network can be vulnerable in case of any problem happen in these stations.  

5.2.2 Geographical representation of arrival delays 

In previous section, we showed some statistics about the rank-size distribution of arrival delays at final 

stations and in this section we would like to show graphically where these stations are located and the 

relationship between total arrival delay and total number of arrival trains in a specific station.  

To show the arrival delays at the final station, Figure 28 which is mentioned in Appendix F, has been 

prepared. In both years, stations with the total delays above 1000 hours are marked as a red point. By 

comparing total arrival delays of two years, first it seems total number of stations which suffer arrival 

delays more than 1000 hours are reduced from 7 stations in 2008 to 4 stations in 2009. As mentioned 

before in Table 12 total arrival delays are reduced in 2009 and the numbers of station which suffer 

higher amount of delays are fewer in 2009. This can be easily seen by comparing these two figures. 

These stations and value of delays are mentioned before, hence, just looking at the total arrival delay 

will not be good measurement since some of these stations are marshaling yards and specifically more 

trains would be serviced by them. Therefore, it would be interesting to consider total number of trains 

which arrived at these stations then it can be possible to check whether arrival delay is correlated to 

total number of arrival trains at these stations. In Table 12, we showed that there is a correlation 

between arrival delay and number of links for each station.  

Total number of trains that arrived at their final destination in both years are mentioned in Figure 29 in 

Appendix F. As we mentioned earlier, total number of trips in 2009 compare to 2008, is reduced by 

21% and this can be easily seen by comparing these two figures. Same as previous figure, only three 

level of total train numbers are mentioned (to avoid chaotic pictures). In 2008 and 2009, marshaling 

yard stations accommodate the highest level of trains which labeled as red color and followed by other 

important stations which is mentioned by orange color. However, there is no doubt that marshaling 

yards or freight yards should have the highest number of arrival trains. As it was mentioned in 

Background section, freight volume in 2009 has been decreased and significant volume decline was 

belong to ore and other products from mining by 22% (from 28.2 million tons in 2008 to 22 million 

tons in 2009) and this can be easily seen in Figure 29, that Kiruna ore yard in 2009 is not even in third 

level (301-800 trains).  
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In order to compare arrival delays at the destination and total number of arrival trains, we should 

compare Figure 28 and Figure 29. Therefore, for simplicity, these two pictures without name of 

stations and having just two level of each legend are mentioned in Figure 18 and Figure 17. 

 

 

As can be seen from figures above, there is significant correlation between total number of arrival 

train and total arrival delay. Although there are some stations that highlighted in total number of trains 

arrived but not in arrival delays, but all the stations which suffer high level of delays, have high level 

of arriving trains. These high correlations can be seen in scatter plot of arrival delays vs. total number 

of trains arriving at the station in Figure 19. 
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Figure 17: Total train no. vs. arrival delay 2008 Figure 18: Total train no. vs. arrival delay 2009 

  

Figure 19: Scatter plot of no. of trains vs. arrival delay in 2008 (left) and 2009 (right) 
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It is also expected to have higher level of arrival delay while total numbers of arrival train have been 

increased.  High R-square shows how fitted linear line can model the data.  

By having the information above, it would be possible to measure average delay per train by the 

station. To do so, total arrival delay minutes for each station divided by total numbers of arrival train. 

However, there are some stations that received only a few numbers of trains in the whole year that 

result to have not accurate picture of average delay. Therefore, 10 trains were considered to be the 

minimum number of arrival train.  

Figure 30 in Appendix G shows average delay minutes per train by the station. In these figures we 

have different picture of stations regarding average delay. As it can be seen, now there are many 

stations that show up that we haven’t seen them before. Average delay in both years are different that 

may cause by reduction of freight train trips in 2009.   

But what will happen if a train departs late? How much is the chance of arriving on-time for a train if 

it departs late? Answering of these questions will be explained in next section, where we are going to 

find the regression of departure and arrival delays. 

5.2.3 Transmission of delays in origin on delays in destination 

In order to find relationship between departure time from origin and relative arrival time at the 

destination ordinary least square (OLS) regression has used. The resulting estimator can be expressed 

by a simple formula.  

 

A positive intercept in the regression models represents the average overload to the scheduled 

dwell/transfer time when the departure delays are zero. 

For a positive intercept and a positive slope smaller than one, the arrival delays increase with lower 

rate while departure delay increases. Therefore, by determining the intercept and the slope for given 

departure delay, arrival delay gets smaller than the (maximum) departure delay. A small departure 

delay causes in an increased arrival delay at the destination, however for a large departure delay the 

arrival delay is reduced. This behavior happens in practice while trains with large delays have the 

priority and stop only for the minimum time.  

Before proceeding, it is necessary to check Figure 2 again. As we can see, below 1000 minutes delays 

are spread evenly however above this value in both 2008 and 2009, there is an unusual gap. Figure 20 

zoom in into these observations to check if there is any explanation behind this abnormality.  

 

Figure 20: Arrival and departure delay over 1000(min) in 2008 (left) and 2009 (right) 
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 At the same time, by looking at the database it can be seen that one general rule apply for all these 

observations. They all departed very late (one day) therefore arrived late. However, I could not find 

any reason for this huge delay. In 2008, these observations happened only in two months, June and 

October and more precisely just for two days in June 28th and 14th. Although, this trend does not 

appear for 2009, however it seems there was some problem at that time for having this huge departure 

delays which lead to late arrival or it can be some measurement errors which cause this problem. 

These observations were considered as outliers and they were excluded for further analysis.  

It is observed that arrival delay is highly associated with departure delay, the more departure delay, the 

higher arrival delay. High association between departure delay and arrival delay is visible in the 

scatterplot of arrival delay by departure delay for both years in Figure 21.  

 

Figure 21: Scatter plot of departure deviation time and relative arrival deviation time in 2008(left) and 2009 (right) 

Perfect linear regression will be obtained if the value of slope becomes 1, then one could say that one 

minute delay in departure time will cause one minute delay at arrival time.  

Arrow 1 shows the trains that departed late but arrived on time. Arrow 2 shows the trains which have a 

very high difference between departure delay and arrival delay. As it can be seen there are three major 

groups, trains that depart on time but arrived late (red shaded), trains depart early and arrived on-time 

(green shaded) and trains which depart late or early and arrived late or early which can be seen as a 

straight 45 degree line from scatter plot.  

One general finding by comparing the scatter plot from two years is the observations in year 2009 are 

more spread from the 45 degree line. This can be seen from points that are located in two red and 

green regions and other parts of the figures.  

After running OLS regression of departure deviation time and arrival deviation time for both years, 

following results were obtained.  

2008 ( . .  0.099) ( . .  0.002) 2008 2008 2008

( .   43.1) ( .   430)

_ 4.30 0.876 _      ,   0.54  ,  40 

                                                      

s d s d

t test t test

Arrival Delay Departure Delay R square Root MSE

2009 ( . .  0.117) ( . .  0.002) 2009 2009

( .   24.6) ( .   412)

                                                                          

_ 2.89 0.880 _      ,   0.57s d s d

t test t test

Arrival Delay Departure Delay R square 2009  ,  41 Root MSE

Where,  

Values in parenthesis under each coefficient are standard deviation and t statistics test. 

1 1 

2 
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In order to assess the quality of linear regression, several test statistics can be used. R-square which is 

interpreted as how independent variable (departure deviation time) can be explained by the variability 

of the dependent variable (arrival deviation time) and it should be as high as possible (Bruin, 2006). 

Maximum value of R-square is one that means the perfect linear relationship. In our cases, the R-

square of linear model for 2008 and 2009 are 0.54 and 0.57 respectively which is good enough since 

we have many observations in red and green area that do not follow linearity. Root MSE (Mean 

Square Error) measures of how close a fitted line is to data points and the smaller the Root Mean 

Squared Error, the closer the fit is to the data. In our model, Root MSE in 2008 and 2009 are 40 and 

41 respectively which seems small. The statistic t-test of the predictor is the ratio of the coefficient to 

the standard error that is used to test against a two-sided alternative hypothesis that the coefficient is 

not equal to zero. In our models having t-tests greater than critical value (1.96 by considering 95% 

confidence) we can reject the null hypothesis of having zero coefficients in both models.  

By having the formula above, it could be possible to predict the arrival deviation time regarding to 

departure deviation time. However, this would be very general since we used all the observations in 

the database and the most important consideration will be based on departure delay and relative arrival 

time. On the other words, we would like to estimate the delay at the destination regarding to the delay 

at the origin.  

To do so, departure delay and arrival delay for both years were filtered that can be seen in Figure 22.  

 

Figure 22: Departure delay vs. arrival  delay in 2008(left) and 2009(right) 

One clear difference between these two figures above is that, in 2009 the number of trains which 

depart with low level of delay and arrived with relatively high delay is reduced. This can be seen with 

the yellow areas in the figures above. However, previously in Figure 21 we showed that observations 

in 2009 are more spread than in 2008 from 45 degree line and this can also be seen in yellow shaded 

area. 

Regardless of some differences between two years, the observation of both years were merged 

together in order to improve regression analysis by having more observations since the purpose of the 

thesis is not to compare 2008 and 2009.  

In this regression, distance variable is also included that consider total distance of origin-destination 

pairs. It is expected to have a positive coefficient since generally the chance of delay can get higher 

while trip distance is increased.  
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0 1 2_ _                              arrival delay departure delay distance  

Table 13 shows the results of linear regression.  

Table 13: Linear regression model results 

 
Coefficient  S.D errors t-statistics 

 3,957 0,222 17,84 

 0,946 0,003 358,73 

 0,037 0,001 53,02 

R-square   0.6562 

As can be seen from table above, the sign and t-statistics of all variables are acceptable. Positive sign 

of  indicates the arrival delays increase with lower rate while departure delay increases and the same 

properties can be seen from distance coefficient. R-square is not significant and says only 65% of 

variation in departure delay and distance can be explained by arrival delay, however, compare to our 

previous model that was used for the whole database, it shows improvement. The other reason of 

having low R-square is the nature of data properties that makes it very difficult to distinguish outlier, 

influential and high leverage observation.   

5.3 Delay distribution on temporal scale 
In this part, we would like to show whether there is any correlation between external factor such as 

weather and arrival delay at the final destination. One way of analyzing weather impact on the delay is 

to check delays regarding to, extreme or unusual weather conditions, however, since on this thesis, we 

are focusing on the whole Swedish railway not only specific part, it would not be possible to extract 

weather conditions for each segment of the network, therefore we need to consider other type of 

approaching. One possible way is to look at arrival delay at the final destinations regarding to different 

temporal magnitude, such as daily or weekly or monthly.  

Monthly scale  

In monthly scale, arrival delay and total number of train trips were studied. The aim is to highlight the 

months that the level of delay is higher also to check the correlation between total number of trains 

and arrival delay.  

Figure 23 shows the total arrival delay at the final stations and relative number of trains which 

complete their trips. As it can be seen by blue line which represents the arrival delays, it seems, delay 

distributions, in both years follow slightly different trends. In 2008, dramatic decrease in amount of 

delay in May after slight fluctuations happened. In June very sharp increase in amount of delay 

observed which lead to be the highest level of arrival delay within two years by 3914 hours then it 

drops to 2752 hours by July. However, in 2009, April has the lowest level of delay by 1424 hours and 

continues to increase by June. Regarding to Trafikverket’s monthly report, in December 2009 Swedish 

railway faced very strong amount of delay due to extreme cold weather that can be seen in Figure 23 

by having sharp increase in December. 
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Figure 23: Arrival delay vs. total no. of trains in monthly scale for both years 

By moving from first month of 2008 to end of 2009, it seems the arrival delay and total number of 

trains follow the same patterns (except some months such as May 2008, February and December 

2009), while number of trains increasing arrival delay is also increasing, however, we have already 

mentioned this correlation in Figure 19.  

Although there is no doubt that capacity is one of the major problems is Swedish railway (Lindfeldt, 

2010), what we can do is to check reduction in total train numbers cause average delay reduction or 

not. By dividing total arrival delays by total train numbers, we will get Figure 24 that represent average 

delay per train by months.  

 

Figure 24: Average delay vs. total number of trains 

Except in May 2008 that seems to have abnormal reduction in number of trains, total train number 

shows descending pattern (red line) by moving from 2008 to 2009. By this fact, since total number of 

trains reduced from 2008 to 2009, there would more free capacity to the other freight and passenger 

trains. Hence we would expect to have fewer numbers of trains meeting (which was one of the most 

frequent delay causes) and cause lower average delay per train. This pattern cannot be seen clearly in 

Figure 24, while total train numbers decreasing, average delay per train seems keep their range and not 

reduced as expected. Although, we should keep in mind that we only had an access to freight trains 

and we have no information regarding passenger trains and any conclusion about capacity would be 
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biased while having no complete information. However, what we can see from Figure 24, is that 

capacity may not be a major problem because reduction of total trains, did not affect the average 

delays.  

Week Number scale 

Another interesting approach which reveals more details about the delay distribution in temporal scale 

is arrival delay in weekly scale that can be seen in Figure 25. The reason of having arrival delays in 

weekly scale is to trace the problem of extreme high delays based on Trafikverket’s monthly report 

that reports the problem of delays on week numbers. Therefore, by having Figure 25, it would be 

possible to find the abnormal high delays according to Trafikverket’s monthly report. 

 

Figure 25: Arrival delay and total no. of trains in weekly scale for both years 

By doing weekly scale analysis other missed information in database was highlighted. In the raw 

database, no observation was recorded for week number 22 and part of 21 in 2008. These 10 missed 

days (from May 21st to May 31st) caused sharp decrease in the Figure 24 in May 2008 and same 

reduction happened in Figure 25 for week number 21 and 22 that is not correct.  

 By looking at Figure 25 it can be seen clearly that week no. 24 (8th – 14th June 2008) has the highest 

level of total arrival delay also total number of trains per week number. It should be mentioned that the 

way of week number assigning is ISO 8601 which defines the week as always starting with Monday. 

As can be seen from Figure 25 trend of arrival delays and train numbers follows decreasing slope by 

moving from left side of graph to right side. Some special week numbers such as week 23 (2
nd

– 8
th
 

June), week 24 (9
th
– 15

th
 June) and week 25 (16

th
– 22

nd
 June) in 2008 and week 7 (9

th
 – 15

th
 February) 

in 2009, seems to have extra ordinary arrival delays. By looking at the Trafikverket’s monthly reports, 

the reason of these high delays can be seen. Table 14 summarized the causes of delays problems for 

these week number according to Trafikverket’s monthly reports (for more details, please check 

punctuality statistics of Trafikverket’s website
7
).  

                                                      
7
 http://www.trafikverket.se/Foretag/Trafikera-och-transportera/Trafikera-jarnvag/Folja-upp-trafik/Punktlighetsstatistik/ 
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Table 14: Problem causes of three week numbers 

Year 
Week 

No. 
Reasons of delays according to Trafikverket’s information 

2008 

23 

 heat distortion,  

 derailment at Aspeå, so Some freight traffic was diverted via the Inlandbahnan*  

 derailment on the industrial track between Strömfors - Bofors, 

 large wildfire between Mellerud – Åmål 

24 

 Overhead line torn down on Årstaberg , 

 gear problem on the Western Main Line between Alingsås – Göteborg,  

 Strong low pressure with high wind speeds over country. Several trees fell across the 

track and led to cancellations and long delays, 

 Several fires resulting in connection to track area. Both Western and Southern Main Line had a 

long periods closed to traffic 

25 

 A serious electrical accidents in connection with overhead contact line work,  

 derailment of freight wagons in Storvik and Freight traffic was diverted through Ockelbo,  

 electricity supply on the Norwegian side stop on the ore line for about 5 h, 

 a tree collapsed in the wrong direction and traffic stops for 5 hours 

2009 7 

 The large amount of snow and cold weather, created problems with switches, vehicles and  

Meeting stations in central and northern Sweden, which generated large delays in freight 

traffic. ,  

 An overhead contact demolition of Årstaberg,   

 two derailments with rail infrastructure Vehicles,  

 fire in industrial facility in Hedemora,  

 Switched off overhead contact line in Borlange,  

 transmission failure on Mälaren Line  

 Almost two contemporaneous person collisions on the Western Main Line in rush hour. Total 

reported over 600 hours of delay during days. 

 Frozen switches and broken rails on the Southern Main Line south of Norrköping, with the 

single-track operation 
* Inlandbahnan, runs from Kristinehamn in the south to Gällivare in the north – a total distance of 1300 km 

Daily scale 

In two previous figures, we described arrival delays regarding different months and week numbers that 

enable us to highlight the most vulnerable months, also in weekly scale, we could distinguish the 

pattern of delays for both years and we found out that 10 days were missed from our database. 

However, these both scales cannot reveal one important aspect of delay characteristics in the complex 

network. If a train faces a delay in one day, it will cause secondary or cumulative delay into other 

trains in the system and it may extend to the other days until the system will be recovered. Therefore, 

we expect to have a fluctuation patterns when we look more in detail scales such as daily base.  

Figure 31 in Appendix H illustrates arrival delays at the final stations for two years regarding daily 

scale. This figure is obtained by daily scale; this means that days of two years are adjusted regarding 

days of week. Hence, delays are calculated based on week days such as first Monday of 2008 with first 

Monday of 2009. The reason of doing this is to check if there is any relation based on week days of 

two years and as can be seen, delays for both years follow the same pattern, increasing and decreasing 

at the same weekdays. 

It can easily be seen that, in 2009 system has been affected hardly with extreme weathers, as sharp 

increase of delays in first two weeks of January and second week of February and the same problem 

happened in the last days of December.  

As mentioned before, delay in one train in one day can affect the other trains of the system and 

prolong the delays into coming days which can be seen in Figure 31 that it has little fluctuations until 
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it reaches some maximum points and drop again. This pattern can be seen regularly happened for both 

years. Although total numbers of trips were reduced in 2009, it seems there is significant difference 

between amount of aggregate delays in specific months such as April and May which has significant 

large delay in 2008 compare to 2009.  

Table 15 shows the days which have highest amount of delays regardless of being affected by previous 

days. This table highlight the important days regarding delays in both years.  

Table 15: Days which have highest amount of delays 

 
2008 

 
2009 

 
Date Delay (h) 

 
Date Delay (h) 

1 11-jun 411 
 

30-dec 354 

2 10-apr 284 
 

10-feb 341 

3 12-dec 283 
 

22-dec 299 

4 30-sep 282 
 

09-jan 289 

5 18-mar 264 
 

01-jul 214 

6 01-feb 248 
 

24-sep 194 

By looking at the Table 15, it seems days with the higher share of delays are spread more in the whole 

time of year in 2008 for example the largest delay happened in January then in April, December, 

September and so on, but in 2009 the share of delays were more concentrated in winter time.   

We expected to have more delays regarding working days, since there would be more passenger trains 

commuting which increase the chance of meeting that leads to more delay , also there would be more 

companies sending and receiving goods during week days. Figure 26 shows total arrival delays at final 

stations regarding days of week and relatively total number of trains.  

  

Figure 26: Arrival delays at final stations vs. total number of trains in daily scale 

It seems Tuesday and Wednesday, are the busiest weekdays which result higher level of delays. 

However same as previous section by comparing total number of trains and average delay we can 

check if the capacity affects the delay or not. This comparison is mentioned in Figure 27.  
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Figure 27: Total no. of train vs. average delay in daily scale 

As can be seen even if the number of trains decreases by more than half the average delay does not 

decrease except for a slight decrease during weekends, hence confirming the results from the annual 

time series analysis. Due to decreased capacity usage we would have expected a more pronounced 

effect on average delay. However, we cannot at this point make any conclusion about the relationship 

between capacity and delays, since both capacity usage and delays are very unevenly distributed, 

making it difficult to interpret average figures. We would suggest further research to shed light on this 

matter, especially by examining passenger train delays as well.  

6 Conclusion  
Two basic characteristics in transportation are operations quality and capacity which can be achieved 

by measuring the reliability and punctuality of scheduled train operations. Punctuality is expressed as 

percentage of trains that complete their trips within certain minutes of the advertised time and 

reliability is expressed as percentage of trains that scheduled to run. Therefore by looking and 

investigating the source of delays and their propagations, it would be possible to highlight vulnerable 

areas such as stations, tracks or important months. Then by focusing at these areas and introducing 

effective investments, it can be possible to decrease the chance of delays which lead to improve 

punctuality and by reducing the number of cancelations that some of them caused because of the same 

reason of very large delays, reliability would be increased which are the tools in terms of planning and 

decision making of railway.  

In this thesis TFÖR database from Swedish Transport Administration (Trafikverket) has been used to 

capture the variation of late arrival time of the freight trains in 2008 and 2009. A train might suffer a 

number of delays along its route, yet arrive punctually to the final destination, which can happen 

regarding to higher speed attained than planned for on certain parts of the journey. Therefore, in order 

to capture arrival delay at the final destination, origin-destination (O-D) pairs based on train numbers 

were obtained, then wrong observations such as very high average speed, missing observations and 

trains arrived before departure and undesired O-D pairs such as trips with distances less than 30 

kilometers, were excluded. However, in this thesis, we only had an access to freight train observations 

in 2008 and 2009, and the quality of data seems not to be high since the share of wrong observations 

was high. Therefore, our analysis and results may be very influenced by the quality of data.  

We carried out our delay analysis according to three major categories; size-frequency, spatial and 

temporal scale. 
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In the size-frequency scale, several commonly applied distribution models for train event times by 

both quantitative and qualitative test were assessed and we found out that, it would not be possible to 

find one best distribution that represent for the whole range of observations and as we showed, the 

most important part of delays came from very extreme large delays that 13% of total delays are caused 

by only 1% of observations. We discovered that exponential distribution can be selected as the best 

distribution for large arrival delays in freight railway that can be used as input of the developed and 

other delay propagation models. 

In the spatial scale, we highlighted the most important stations regarding total arrival delays and it 

seems there is high correlation between number of links that connected to the station and total arrival 

delays. We measure rank-size distribution and we found out that more than 50% of the total arrival 

delay per year occurs in just 7% of stations which 7 of them are marshaling yards that have very 

complex connection with the other stations. In next step, we illustrate the location of these stations and 

we showed how total number of trains that commuting into the stations are correlated with amount of 

delays. It seems investments in 2009 did not assigned properly to the proper stations while the stations 

that have recorded the highest arrival delay in both years, are almost the same. The regression analysis 

shows that, there would be always a chance to have arrival delay while a train departs punctual, 

however with higher departure delay, arrival delay will not increase with the same rate. This happens 

due to large slacks in the timetable that let drives to drive with higher speed than schedule to 

compensate departure delay. We found out that arrival delay is not independent of distance, while 

distance increasing arrival delay would be increased as we measure by positive coefficient.  

As we expected, influence of snow and cold weather in winter time and falling leaves in autumn 

especially in October would cause more problem that increase the chance of delays and that was 

shown in the temporal scale. In this part we analysis arrival delays in monthly, weekly and daily 

scales. We found out that average delay did not reduced as total number of trains reduced in 2009 

which emphasizing that capacity might not be as crucial for explaining delays as previously expected 

however we should keep in mind that, we only had an access to freight train observations. Making any 

conclusion regarding capacity and delay may not be correct at this stage due to unevenly distributed of 

delays and capacity usage. Therefore further studies are needed to make any conclusion. Analyzing 

delays based on weekly scales enable us to find the reason of major delays by Trafikverket’s monthly 

reports. We also showed that during weekdays and especially Monday and Tuesday, amount of delays 

are higher than rest of week days which is result of more trains and more demands on the network.  

7 Future work  
The research presented in this thesis seems to have raised more questions that it has answered. There 

are several lines of research arising from this work which should be pursued. 

In the data section where we discussed about the reasons of delay, it was found out that there is no 

reason defined for a train is being cancelled, for example it happens because of very late departure, 

extreme weather disruption or no demand for goods and so on. We also discussed that Trafikverket 

clams cancelations are done by operators, on the other hand, operators discuss that some of their trains 

were cancelled especially in winter 2009 due to extreme cold weather by Trafikverket that never came 

into statistics. Other uncertainty of the database comes from low consistency of delay codes that was 

proven before (Nyström, 2007) and beside that we also faced significant large number of missed 

observations or some wrong observations. Hence all above shows how data collection and 

measurement is important and need to be improved. One strategy to deal with low consistency of 
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delay codes and clarify the reasons behind cancelations is to combined different codes that could 

provide more accurate and clear information.  

In the spatial distribution analysis, we defined the transmission of delay in the destination by having 

departure delay. We estimated two parameters, distance and departure time, in our analysis that can be 

improved by introducing more variables to capture arrival delay variability.  

In the temporal distribution analysis, we discovered that reduction in total number of trains kept the 

average delay not fluctuated as we expected. This phenomenon may reveal that capacity may not be as 

critical as expected before, however, we only had an access to freight train database and in future by 

introducing passenger train database, it would be possible to analysis this finding more accurately and 

clearly.  

Nevertheless this thesis would be very useful as a supplement study with passenger train analysis to 

get overall view about the propagation of delays to define vulnerable segments and stations for better 

investments plan and decision making.  
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Appendix A 

   
2008 2009 

Tones carried  
(in thousands 

tons)* 

Domestic  

Wagonloads            22 444                18 701     

Ore on the Ore Railway            13 946                  9 303     

Intermodal consignments              5 998                  6 647     

Total            42 388                34 651     

International 

Wagonloads              6 681                  5 264     

Ore on the Ore Railway            14 299                12 682     

Intermodal consignments              2 263                  2 839     

Total            23 244                20 785     

All consignments 

Wagonloads            29 125                23 965     

Ore on the Ore Railway            28 245                21 985     

Intermodal consignments              8 261                  9 486     

 total            65 632                55 436     

transport 
performance 
(million ton-
kilometers) 

Domestic  

Wagonloads              9 579                  7 969     

Ore on the Ore Railway              2 332                  1 548     

Intermodal consignments              3 871                  3 771     

Total            15 782                13 288     

International 

Wagonloads              3 892                  3 223     

Ore on the Ore Railway              2 031                  1 868     

Intermodal consignments              1 218                  1 026     

Total              7 141                  6 117     

All consignments 

Wagonloads            13 471                11 192     

Ore on the Ore Railway              4 363                  3 416     

Intermodal consignments              5 089                  4 797     

 total            22 923                19 405     

infrastructure 
(kilometers)  

Length of Lines 

 single tracks with narrow gauge               9 258                  9 349     

double tracks with narrow gauge              1 840                  1 855     

total            11 032                11 138     

Electrified lines 

 single tracks with narrow gauge               6 093                  6 174     

double tracks with narrow gauge              1 840                  1 855     

total              7 867                  7 963     

Investments 
and 

maintenance 
(million SEK) 

Investments            12 187                13 530     

Reinvestments              2 088                  2 224     

Maintenance costs              3 666                  4 040     
*source Trafikanalys, rail traffic 2009 report, http://www.trafa.se/In-English/Statistics/Rail-transport/ 

 

 

http://www.trafa.se/In-English/Statistics/Rail-transport/
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Appendix C 
Code Category* Delay code Explanatory text (Swedish) Explanatory text(English) 

Vehicle  

F10 SKADA DRAGFORDON DAMAGE TOWING VEHICLES 

F11 ATC-FEL PÅ DRAGFORDON ATC FAILURE OF TOWING VEHICLE 

F13 LOKBYTE PGA SKADA Changing engines due to injury 

F14 STRÖMAVTAGARE PANTOGRAPH 

F20 DETEKTORLARM VARMGÅNG DETECTOR ALARM hotbox 

F21 VARMGÅNG Hotbox 

F22 DETEKTORLARM BROMSFEL DETECTOR ALARM brake failure 

F23 BROMSFEL Brake failure 

F24 DETEKTORLARM HJULSKADA DETECTOR ALARM WHEEL DAMAGE 

F25 HJULSKADA WHEEL DAMAGE 

F27 ÖVRIGA VAGNFEL OTHER Wagon fault 

F28 FORDONSSKADA ANNAT TÅG VEHICLE DAMAGE OTHER TRAINS 

Infrastructure 

I10 ÖVERSKRIDEN TID EXCEEDED TIME 

I21 SIGNALER FUNKTIONSFEL SIGNAL MALFUNCTION 

I22 SIGNALSTLV FUNKTIONSFEL SIGNALSTLV MALFUNCTION 

I23 TRAFIKSTYRNSYST FUNK FEL TRAFIKSTYRNSYST FUNK ERROR 

I24 ATC-FELKOD ATC CODE 

I25 FUNKTIONSFEL I RANGERANL MALFUNCTION IN RANGERANL 

I30 SPÅRFEL Track fault 

I31 SPÅRLEDNING RAIL LINE 

I32 SPÅRVÄXELFEL SPÅRVÄXELFEL 

I33 BROFEL Bridge fault 

I36 DJUR I SPÅRET ANIMALS IN THE TRACK 

I37 OBEHÖRIGA I SPÅRET UNAUTHORIZED IN THE TRACK 

I38 VÄGLAG STATE OF THE ROAD 

I39 AVSYNING AV BANAN OFFICIAL INSPECTION OF RUNWAY 

I40 KONTAKTLEDNINGSFEL Overhead 

I41 SPÄNNINGSLÖS KONTAKTLEDN CURRENT KONTAKTLEDN 

I43 LÅG KONTAKTLEDN SPÄNNING LOW VOLTAGE KONTAKTLEDN 

I44 FELAKT ELSTÄLLV MANÖVER Erroneously ELSTÄLLV CONTROL 

I50 AVSTÄNGD DETEKTOR OFF DETECTOR 

I51 DETEKTORLARM DETECTOR ALARM 

I52 TALKOMMUNIKATION Voice communication 

Traffic Management 

L13 ORDERGIVNING Giving orders 

L14 BROÖPPNING Bridge opening 

L15 UPPEH TÅG PGA BUA/KBUA Train remains due to KTRAV/BUP work 

L16 ARB BEVILJAT ENB AV T ARB GRANTED ENB OF T 

L20 ÄNDRAD UPPEHÅLLSSTATION CHANGE OF STATION BREAK 

L21 MÖTE MEETING 

L22 FÖRBIGÅNG BYPASS 

L23 TÅG FÖRE Train ahead 

L24 KORSANDE TÅGVÄG CROSS itineraries 

L25 OMLEDNING Diversion 

L26 SPÅRBRIST TRACK NON 

L27 INV FÖRBINDELSE INV LIAISON 

L28 NYUTRUSTNING New equipment 

L30 EXTRATÅG  PLAN SENT LÄGE SPECIAL TRAIN PLAN LATE MODE 

L40 FELAKTIG STLV-MANÖVER IMPROPER STLV-CONTROL 

L41 TKL ANNAN UPPGIFT TKL OTHER DATA 

L42 T PERSONAL SAKNAS T STAFF AVAILABLE 

L50 TILLBUD/OLYCKA INCIDENT / ACCIDENT 

L51 PÅKÖRD PERSON Hit PERSONAL 

L52 URSPÅRNING DERAILMENT 

L53 SJÄLVAVKOPPLING SELF-RELAXATION 

L54 PLANKORSNINGSOLYCKA LEVEL CROSSING ACCIDENT 

L55 ATC-NÖDBROMS ATC EMERGENCY BRAKE 

L56 ANNAT MISSÖDE ANOTHER MISHAP 

L57 OBEHÖRIG NÖDBROMS UNAUTHORIZED EMERGENCY BRAKE 

Operator 

O11 EXPRESS-/RESGODS EXPRESS-/RESGODS 

O12 FURNERING FURNISHING 

O13 PASS/TULL PASS / CUSTOMS 

O14 ÖVERSKRIDEN UPHTID EXCEEDED UPHTID 

O15 EXTRA UPPEHÅLL EXTRA STOPS 

O16 POST MAIL 

O17 INV FÖRB TID ÖVERSKRIDEN INV FÖRBE TIME EXCEEDED 
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O18 INVÄNTAD FÄRJA WAIT FOR FERRY 

O19 LOK SAKNAS LOK AVAILABLE 

O20 TÅGLÄNK Rail link 

O21 OMLOPP-TÅGVÄNDNING CIRCULATION-TÅGVÄNDNING 

O25 SENT PGA G-KUND LATE PGA G-CUSTOMER 

O26 SENT PGA VAGNAR FRÅN TÅG LATE PGA COACHES FROM TRAIN 

O29 TÅGET INSTÄLLT TRAIN CANCELLED 

O30 SEN AVGÅNG G-TERMINAL LATE DEPARTURE G-TERMINAL 

O31 SEN LEVERANS FR P-DEPÅ LATE DELIVERY FR P-DEPOT 

O32 SEN LEVERANS FRÅN DEPÅ LATE DELIVERY FROM CUSTODY 

O33 SENT FRÅN UTLANDET LATE FROM ABROAD 

O35 LEVERERAT TU TAR EJ EMOT DELIVERED TU DO NOT ACCEPT 

O36 SEN LEVERANS TJÄNSTETÅG LATE DELIVERY ser 

O41 VAGNSYN VAGNSYN 

O42 VÄXLINGSTID ÖVERSKRIDEN Switching EXCEEDED 

O43 EXTRA VÄXLING EXTRA EXCHANGE 

O44 EXTRA VAGNSERVICE EXTRA TROLLEY SERVICE 

O50 LASTPROFIL GAUGE 

O51 DETEKTORLARM LASTPROFIL DETECTOR ALERT GAUGE 

O52 LÅNGT TÅG LONG TRAIN 

O53 NEDSATT STH PGA SMS REDUCED STH PGA SMS 

O55 ÖLPR/FARLIGT GODS ÖLPR / DANGEROUS GOODS 

O60 STATIONÄR PS SAKNAS STATIONARY PS AVAILABLE 

O61 LOK-PS SAKNAS LOK-PS AVAILABLE 

O62 TM-PS SAKNAS TM-PS AVAILABLE 

O63 SERVICE-PS SAKNAS PS SERVICE AVAILABLE 

O64 AKUT PERSONALBYTE EMERGENCY PERSONNEL CHANGE 

Planned Track Work 

P10 ARBETEN ENL KTRAV Track work according to KTRAV (agreement) 

P11 ARBETEN ENBART ENL BUP Track work according to BUP (plan) 

P12 ARBETEN UTÖVER BUP Track work in excess of KTRAV and BUP 

Other 

Ö10 SABOTAGE SABOTAGE 

Ö11 ÖVRIGA NATURHINDER OTHER NATURAL BARRIERS 

Ö12 POLIS/SJUKDOM POLICE / ILLNESS 

Ö13 ANNAN ORSAK OTHER cause 

Ö14 OKÄND ORSAK UNKNOWN CAUSE 

 *source Trafikverket website”ORSAKSKODER I TFÖR Editors: T. Johansson / A. Lundgren”, 

http://www.trafikverket.se/PageFiles/28717/Orsakskoder_i_TFOR.pdf 

  

http://www.trafikverket.se/PageFiles/28717/Orsakskoder_i_TFOR.pdf
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Appendix D 

Rank 
Failure 
code 

description 
Number 

of 
failures 

Delay 
attributed 

to asset 
failure (h) 

Percentage 
of delay 

attributed 
to each 
failure 

cumulative 
percentage 

Average delay 
attributed to 

each asset 
failure (min) 

1 L21 Meeting 91 499 30 547 31,0% 31,0% 20 

2 L23 Train ahead 31 725 8 097 10,7% 41,8% 15 

3 L22 
Bypass; A faster train running on a slower train that runs in the 
same direction 

24 438 6 552 8,3% 50,0% 16 

4 O30 Late departure from freight terminal 21 253 14 277 7,2% 57,2% 40 

5 P10 Track work according to KTRAV (agreement) 9 965 3 153 3,4% 60,6% 19 

6 O20 Train link 9 618 10 967 3,3% 63,9% 68 

7 L24 
Crossing train routes ; Train routes that come into conflict 
with each other. 

8 777 2 170 3,0% 66,8% 15 

8 O21 Circulation, train turning 5 418 5 216 1,8% 68,7% 58 

9 O42 
Switching Time exceeded;used when the planned dwell 
times for freight train at stations in the train's path is 
exceeded. 

5 357 4 003 1,8% 70,5% 45 

10 O33 
Late from abroad;used for late trains and wagons, mainly from 
the NSB and the DSB 

4 796 4 729 1,6% 72,1% 59 

11 I30 Bridge fault 4 704 1 721 1,6% 73,7% 22 

12 F10 Damage pulling vehicle 4 629 4 008 1,6% 75,3% 52 

13 Ö13 Other cause 4 577 2 507 1,6% 76,8% 33 

14 O61 Locomotive personnel missing 4 110 3 688 1,4% 78,2% 54 

15 O53 
Impaired Maximum speed due to composition; Used when 
the train pulled by the wrong type of locomotive or 
involves units with the low STH. 

3 911 1 481 1,3% 79,6% 23 

16 Ö14 Unknown cause 3 788 1 451 1,3% 80,8% 23 

17 I31 
track circuit; Used when the track circuit is incorrectly 
classified 

3 654 1 539 1,2% 82,1% 25 

18 O43 
extra switching; Used when the railway undertaking has 
requested additional 
shunting of trains over the road. 

3 631 2 855 1,2% 83,3% 47 

19 L26 Scarcity of track 3 419 1 410 1,2% 84,5% 25 

20 F28 Renumbering of train 3 380 2 533 1,1% 85,6% 45 
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Appendix E 
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Appendix F 

 

Figure 28: Highlighted the stations which suffer high level of arrival delays in 2008(right) and 2009(left) 
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Figure 29: Highlighted the stations that accommodate high level of trains in 2008(left) and 2009(right) 
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Appendix G 

 

Figure 30: Average delay (min) per train by stations in 2008(left) and 2009(right) 
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Appendix H 

 

Figure 31: Arrival delays at final stations based on daily scale for both 2008 (blue) and 2009 (red) 
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