
2018 RAS Problem Solving Competition:  
Train Delay Forecasting 

Introduction 

In the Netherlands passenger train transportation is a very important mode of transport, with over a 

million passengers travelling by train every day. Netherlands Railways is the biggest passenger train 

operator and operates almost 6,000 trains daily. ProRail is the infrastructure manager, responsible for 

track maintenance and coordinates train operations for all operators. 

For smooth punctual operations reliable real time data is of the utmost importance. Over the recent 

years real time data regarding delay in the entire network is collected and made available to the 

operators. This data is used for passenger information systems and in dispatching centers. The next 

step would be to have accurate forecasts for the rail network on ultra-short term, say 20 minutes ahead. 

Currently, the most commonly used estimate for future delays is that the current delay remains 

unchanged. That is, that the train neither makes up nor loses time when behind. Obviously, this is 

usually not the case. A good estimate for what the delays will be over the next period of time will benefit 

both passenger information and dispatching of the railway operation, especially if the current delay 

changes dramatically in either direction. 

Data Description 

The following data for the period 4 September 2017 – 9 December 2017 is given. 

Planned timetable - the planned train running times.  

The planned timetable contains information on the timetable as was planned in advance. 

Departure- and arrival stations are given for each train number, as well as the amount of slack 

in the schedule, which is a buffer that allows trains to make up for lost time (actual schedule – 

minimum train running time = slack).  

The timetable is the same for Mondays, Tuesdays, Thursdays and Fridays. On Wednesdays 

was extra trains were operated on a busy part of the network between Eindhoven and 

Amsterdam. Although weekends generally have an equal timetable, but due to maintenance 

work the operation is often altered and are thus not included. Given the current delays on all 

trains on any given moment in time, the challenge is to forecast the delays for all trains 20 

minutes later. 

Actual historical train performance – actual train running times. 

The realized timetable for each operated train, which includes the realized departure and arrival 

times (in seconds). Note that canceled trains are missing from the realization data, and 

sometimes unplanned trains are run, so they are not in the planned time table.  

Crew schedules – the plan for crew changes on a train. 

Train drivers normally stay on the same train during stops at stations, however it is possible to 



change drivers. The data contains all driver changes, including the driver changes at the end 

station of a train number 

Rolling stock circulation – the plan for rail cars being assigned to trains. 

Normally a train continues in the same rolling stock composition after a stop at a station, 

however it is possible to change the composition. All cases where rolling stop compositions are 

changed during an intermediate stop is given. Furthermore, all rolling stop connection at the end 

station of a train is given, if the connection is within 30 minutes. 

Infrastructure data – describes the node and link structure of the railroad.  

We provide a high overview of travel distances between locations. A more detailed overview of 

the infrastructure is not given because this would overly complicate the question. Additional 

information can be requested.  

Weather conditions overview – weather conditions by day. 

Bad weather can influence the performance of NS. A daily overview of the average weather 

conditions in the Netherlands is provided. This overview is obtained from the Dutch weather 

agency (KNMI). 

The data-dictionary contains a detailed description on the available data fields.  

The glossary contains an overview of relevant terms that are used. 

Benchmark 

Currently, two different simple strategies are used by NS and ProRail: a naïve forecast and train delay 

forecast.  

Naïve forecast: 

For dispatching we assume current delays remain unchanged. For passenger information 

systems we assume a slack time of 5% for each train, thus a decrease in delay of 1 minute per 

20 minutes (and never forecast a delay increase).  

Train delay forecast: 

Some years ago a first effort was done to predict delays using historical delay data for individual 

trains only. This approach outperformed the simple however was not able to predict large 

delays and delay jumps very well, not even better than the before mentioned strategies. A 

Summary of this approach is included in a separate document. The two simple current 

strategies and the available prediction approach will be used as benchmark for this competition. 

Competition Challenge 

1) In the data provided, the last four Tuesdays (2017-11-14, 2017-11-21, 2017-11-28, 2017-12-05) 

are excluded. We will provide the state of the network on those Tuesdays at 8:00, 12:00 and 

16:00. Can you give a delay forecast for the state at 8:20, 12:20 and 16:20? 

The answer formatting will be provided later in the competition. 



2) Can you give forecast for any other time interval in the future and give an estimate of how the 

reliability of the forecast declines as you forecast further into the future? 

An Example 

It is now 10:00. Train X currently arrives at station A and has a delay of 5 minutes (it was scheduled to 

arrive at 9:55). This train is scheduled to arrive at station C at 10:18 with an intermediate stop of 3 

minutes in station B between 10:07 and 10:10. The current dispatching systems assume the delay will 

remain at 5 minutes and the train arrives at station C at 10:23. 

Possible situations that could occur in reality: 

1. The train has a clear path ahead. The time until station C in the timetable is 23 minutes, 

however that contains 4 minutes of slack time. This slack time can now be used to reduce the 

delay, meaning the train arrives at station C at 10:19 with a delay of 1 minute. 

2. Due to the delay, a slower train overtakes this train at station A. As a result train X cannot go 

faster than the slower train that is now in front. The delay accumulates. 

3. At station B the rolling stock composition of the train has to be changed. This means Train X 

cannot take full advantage of the available buffer time and the delay remains the same at 

around 5 minutes 

The prediction tool will discern between these and other outcomes to better predict delay at station C. 

Scoring 

There are two components to the scoring: Prediction accuracy, and quality of the description and 

approach. 

Prediction Accuracy 

We are looking for a delay prediction in minutes (while realization data has a precision of 

seconds). While we are interested in the actual delay forecast, correct prediction of large jumps 

in the delay and direction of delay change are very important. The scoring will be done in the 

following order: 

1. Correct prediction of delay jumps (Up or down) of more than 4 minutes, and in the 

correct direction.  

2. Correct prediction of direction of delay change in three categories: (decrease of at least 

2 minutes / increase of at least 2 minutes / equal = less than 2 minutes different). 

3. Precise prediction of actual delay in all situations, regardless of change, including the 

case where there is no change in delay.  

4. A special case exists:  Sometimes a train is cancelled due to large (i.e., 15 minutes) 

delay. This is seen in the data as missing arrivals at subsequent stations. This should 

be interpreted as a “big jump” in delay 

 

 



Answer scoring examples 

Example 1: Current delay is 2 minutes. Delay after 20 minutes is 10 minutes. Prediction 

values of 7-13 minutes will all score approximately the same, because they all correctly 

predicted the jump of more than 4 minutes and the correct direction (increase). Of course in 

the last step a prediction value of 10 will score slightly better, because that prediction was 

spot on. 

Example 2: Current delay is 2 minutes. Delay after 20 minutes is 1 minute. Prediction 

values of 1,2,3 minutes will all score approximately the same, because they all correctly 

predicted the delay will stay within 2 minutes the same. 

Each predicted train will be scored individually and the final score is the summation of all 

predicted train. 

Besides this scoring mechanism, the solution method itself will also be judged based on 

creativity, applicability and scientific value. 

Quality of the description and the approach 

• Implementability and robustness of the solution. Ideally, the solution provided can be 

used by Netherland Railways. Solutions that are slow, or make unrealistic assumptions 

about data availability, etc. are not as practical. 

• Elegance, soundness and sophistication of method.  More ingenious, clever and 

sophisticate solutions are valued. 

• Quality of the write-up and the presentation. Clarity of the description of the approach 

and its application is valued. 

• The quality of the presentation, to be given by three finalists at the Rail Application 

Section Meeting at the INFORMS conference in Phoenix, Sunday, November 4-

Tuesday November 7. (The attendance and presentation of at least one team member 

required to win.) 

General Notes & Motivation 

There are a number of things to note within context of the problem. The most important ones are: 

• Only the trains of the Netherlands Railways are included in the timetable and the realization 

data. This means that there are also other trains driving which are not within the scope of 

this competition even though they can potentially impact the trains within the data set. The 

only way these train interactions are visible in the data is through the Cause “Other train”, 

where the train number of the causing train is hidden. 

• The Wednesdays within this dataset have a slightly different timetable. This change is 

however limited to a set of train series. 

• It is important to not forget that certain trains can be canceled (and thus missing) within the 

realization data. Cancellation can be due to delay or mechanical issues. 



• Conversely, in the realization data, there can be more trains than were planned. These will 

appear as entirely different train numbers. 

A number of choices have been made within the scope of this competition, below a number of 

motivations for these choices are lined out in order to give extra context information: 

• Times: The three times: 08:00, 12:00 and 16:00 have been chosen instead of arbitrary 

times due to a number of reasons. Firstly because these times represent the morning rush-

hour, the afternoon ‘dip’, and the onset of the evening rush-hour. If you are able to predict 

the near future delay changes at these times, it should be possible to extend the chosen 

method to any other arbitrary time.  

• The weekends have been let out of the data due to these being quite different in 

timetabling, less busy, and are thus have a significant different pattern for delay 

propagation and are likely easier to predict. Thus any resulting model based on a weekday 

should be able to be adapted to score just as well if not better on weekends. 

• Detailed infra structure layout is not given because this would overly complicate the 

question with likely little gain in the possible performance of a model, given the available 

time. 

Competition Calendar 

• Registration: Deadline is April 30, 2018 

Interested parties should register by sending an email to: 

railwayapplicationssection@gmail.com 

Your email should include all team member name, contact information, and affiliation. 

• Full Problem Release:  March 9, 2018 

Additional data, more specifics of the problem 

• Question and Answer period:  February 9 – July 1 

Participants may ask questions; all questions and answers available to all participants. 

All questions must be submitted to 

railwayapplicationssection@gmail.com 

• Quiet Period: July 1 - Aug 1. 

Participants may continue to work on solutions; no additional information provided. 

A final ‘test data set’ will be provided on July 1, which will include the last four Tuesdays, 

without realization data for the time immediately after 08:00, 12:00 and 16:00 

Participants will be asked to provide their predictions in a specific format by Aug 1. 

• August 1 – Solution due  

Solution includes report on methodology (Approximately 10 pages) 

Solution data set – delay forecast for the state at 8:20, 12:20 and 16:20 

• September 1 – Finalists announced 

Finalists are expected to give a presentation at INFORMS conference,  

Phoenix, November 4, 2018 

• November 4, 2018, Phoenix - Finalist Presentation. 

Each finalist gives a 15-20 minute presentation on their approach;  



Judging panel asks questions. 

All finalists must attend. 

• November 4, 2018, Phoenix Winner Announced 

Useful Links: 

NS: For a live version of the current delay prediction algorithm, working in the NS travel planner: 

https://www.ns.nl/en  

Sporenplan: A Schematic overview of the infra structure layout to get some intuition: 

http://www.sporenplan.nl/html_nl/sporenplan/ns/ns_nummer/start.html  

WikiOV: At the bottom of the page there is an overview of all trainseries: 

http://wiki.ovinnederland.nl/wiki/Dienstregeling_2017  
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