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Abstract European infrastructure managers (IMs) create annual timetables for trains that will run during a year. Freight trains 

in Sweden often deviate from this by being added, cancelled, delayed or early, resulting in increased costs for IMs and railway 

undertakings (RUs). We investigate the frequency of and causes for these deviations, using one year of operational data for 

48,000 trains, and 15 stakeholder interviews. We find that about 20% of freight trains are added once the timetable has been 

created, and that cancellations occur for about 35% of freight trains, mostly at the RUs’ initiative. Delays are common: some 

40% of departures, 30% of runtimes, and 20% of dwell times are delayed. Running early is even more common: 80% are ready 

to depart early, and 60% do so, while 40% of runtimes and 75% of dwell times are shorter than scheduled. We find links and 

feedback loops between the root causes for these deviations and suggest that IMs reserve more of the capacity that is needed for 

freight trains and instead distribute it throughout the year. This could lead to more appropriate, attractive, and reliable timetables 

for freight trains, whilst greatly reducing the amount of planning effort.  
 

Index Terms— Freight transportation, Rail transportation, Rail transportation reliability 

 

I. INTRODUCTION1 

Railways are an important part of transport systems, and 

many governments aim to shift freight transport from road 

to rail with increasing degrees of intermodality (see e.g. [1], 

[2]). Such a transfer can reduce the congestion on roads and 

decrease the environmental impact from the transport 

sector. Utilizing existing capacity in a more efficient 

manner is important since development of railway 

infrastructure is very expensive. Timetables are crucial to 

getting the most use out of railway capacity [3]–[5]. To 

attract customers and increase the modal share of railways, 

timetables need to offer reliable, short transportation times. 

This study analyses the capacity allocation process and 

deviations from the annual timetable for freight trains in 

Sweden. In Sweden and other European countries, annual 

timetables are made by the infrastructure manager (IM) in a 

process spanning years. This is regulated by EU directives, 

implemented in national law, and is therefore similar in the 

member countries [6]. However, there are often deviations 
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from timetables, especially for freight trains.  

This paper identifies and analyses four types of possible 

deviations from the timetable and the intended capacity 

allocation: trains can be 1) added, or 2) cancelled, 3) 

delayed, or 4) early. Discrepancies between scheduled and 

operated traffic are problematic: some trains may have been 

refused access because the timetable appears full [7], some 

trains have longer scheduled runtimes than necessary [8], 

and the revisions to the timetable requires extensive 

resources and increases costs for IMs and the railway 

undertakings (RUs).  

To increase the reliability of operations and enable a 

higher utilization of capacity, it is important to better 

understand what causes the deviations described above. 

This paper thus aims to describe the frequency and explore 

the root causes for discrepancies between the annual 

timetable and executed freight train transports, and to 

identify potential areas for improvement, particularly in 

terms of capacity allocation. 

II. BACKGROUND AND LITERATURE REVIEW 

A. Capacity allocation for freight trains 

The railway infrastructure in EU countries is to a large 

extent state-owned, while the trains are run by separate 

companies. IMs are responsible for allocating capacity in a 

fair and non-discriminatory manner based on applications 

from the RUs [9]. The allocation is done at a tactical 

planning level, up to 18 months in advance, by preparing 

annual timetables. Tactical planning is usually done for 

groups of products or resources (i.e. groups of trains with 

similar tasks and characteristics) to handle uncertainty [10], 
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and does not consider individual activities (such as exact 

arrival and departure times of specific trains) [11]. This is 

not the case when railway capacity is allocated in the EU, 

as all trains are scheduled with a high precision in the 

annual timetable. Compared to other industries, the process 

for allocation capacity lacks a stage of production planning, 

where the previously made plans can be adjusted to 

changed conditions [12]. As a result, the annual timetable 

cannot handle uncertainty in the RU’s applications. The 

case is very different for freight train operations in North 

America, which essentially operate without a timetable (see 

for instance [13], [14]) – the deviations mentioned in this 

paper would have an entirely different meaning in that 

context. To mix unscheduled freight trains with scheduled 

passenger trains in a constructive way is not easy, but may 

be an important research direction for the future.  

B. Adding or cancelling freight trains  

To cope with the inherent uncertainty without having a 

proper production planning step, trains are added or 

cancelled in a short term so-called ad hoc process. These 

are the first two types of deviations discussed in this paper. 

They are initiated by either the IMs or RUs, are handled on 

a first-come-first-served basis and must be answered within 

five working days. Existing train paths cannot be changed 

and are thus limitations when new trains are added.  

Freight train paths from the annual timetable are often 

cancelled in the ad hoc process. To illustrate the magnitude: 

during 2016 about 18% of all scheduled trains were 

cancelled in Sweden [8], almost all of them freight trains. 

Several earlier studies [8], [15], [16] have analysed the 

occurrence of these changes, but not their causes. [17], 

however, identifies several problems in the capacity 

allocation that can be regarded as causes of deviations. For 

example, it is difficult for freight companies to know the 

demand when they apply for train paths, as the applications 

for the annual timetable are submitted up to 13 months in 

advance. Cancelled trains can thus in part be a result of RUs 

applying for more train paths than necessarily required, to 

enable flexibility in their own planning. 

C. Delayed freight trains  

Once freight trains run, it is not uncommon that they are 

delayed. This is the third type of deviation we discuss in the 

paper. These deviations are often monitored by measuring 

punctuality, a key indicator in railway operations. Delays 

can damage the RUs’ reputation and increase their 

operational costs, and customers may need to increase their 

stock levels to handle late deliveries [18], [19]. In 2019, 

20% of the freight trains were more than five minutes 

delayed, compared to 9% of passenger trains [20]. 

Typically, delays for freight trains are also larger than for 

passenger trains, and it is not uncommon for them to be 

measured in hours rather than minutes [21]. The method in 

[22] together with an average load of 638 tonnes [23], 

suggests that the value of time for a freight train in 2019 

was around 2,200 SEK (roughly €220), and including 

operational costs would raise this figure higher. Expressed 

differently, some 73 million tonnes were moved by railway 

in 2019, with a value of time of 2.8 SEK per tonne hour.  

The causes for delay are the subject of a range of 

research papers, but many of these focus on passenger 

rather than freight trains. Some of the causes identified in 

the literature include technical issues and communication 

problems [24], weather factors [25], the size and 

distribution of supplements [6], the length of the train run 

[26], heterogeneity in terms of speed differences, different 

stop patterns and varying headways [27], [28], and capacity 

utilisation [28], [29]. [30] specifically mention a need for 

studies mapping the underlying causes behind the delay 

cause attribution codes used by IMs.  

D. Early freight trains  

The last type of deviation, trains running before schedule, 

is more common for freight trains than passenger trains 

[31]. During 2018, 53% of all freight trains in Sweden 

departed more than 15 minutes ahead of their scheduled 

departure time [30]. Early trains are not captured by typical 

punctuality measures, and in contrast to delays, causes for 

earliness are not coded, nor have they been the topic of 

many previous studies. [30] describe an early departure as a 

reason for deviations, but do not analyse the reasons behind 

early departures. [17] only mentions that there are many 

explanations for early departures, without going into them.  

Whether a train can run before or after the allocated train 

path is decided manually by individual dispatchers, who 

check the graphical timetable to see if any conflicts may 

arise and make changes with pen and paper. In Sweden, the 

basic rule is that trains running on time have priority, and 

exceptions are only allowed for special reasons. There is no 

IT support for these decisions, and the dispatcher will often 

not be able to check the entire (sometimes hundreds of km 

long) train path before allowing the train to depart [31]. 

Digital graphs are gradually being introduced in Sweden, 

which will eventually give dispatchers a better overview. 

Once in the network, freight trains can often run faster 

than scheduled. To reduce the likelihood of delays, 

timetables must include sufficient margins and buffer times 

between trains. Unfortunately, this leads to longer 

scheduled travel times, unnecessary capacity utilisation, and 

increased costs. Train weight and running characteristics 

are also not always known when applications are made to 

the annual timetable, so a train may be lighter and faster 

than expected when it runs.  

Excessive stops also contribute to long travel times. 

While some stops are commercially useful, so-called 

technical stops exist to accommodate other trains when 

there are meetings on single track lines or to let faster train 

pass on double track lines. Sometimes technical stops 

become unnecessary as train paths often include stops for 

interactions with trains that have been cancelled after the 

timetable was established or have been conflict regulated 

with trains that have another running day pattern. This is 

particularly common on single track lines and in Sweden, 
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up to 35% of the stops are of this nature [32]. Since these 

stops are unnecessary and omitted in practice, they create a 

potential for trains to run faster and earlier than scheduled.  

E. Fees and incentives 

There are some fees attributed to causing delays, as an 

incentive mechanism. The following figures are from [33]. 

If a delay is attributed to the RU, the RU must pay 75 

SEK/delay minute to the IM, and vice versa. Additionally, 

if the IM causes a delay in the range of 60-179 minutes to 

freight trains it must pay 13 000 SEK to the RU, or 20 000 

SEK for delays of 180+ minutes. There is thus an incentive 

for RUs to avoid causing delays. Departing ahead of 

schedule reduces the risk of this, as fees for delays are 

calculated compared to the scheduled times, and any delays 

caused to other trains by the early freight train will be 

attributed to dispatching and be reimbursed by the IM 

rather than the RU. 

There can also be fees for cancellations, depending on 

attribution and timing [33]. If the IM causes a cancellation 

attributed to infrastructure failure, new or urgent trackwork, 

or dispatching reasons, it must pay 1 000 SEK + 20 

SEK/train km cancelled if the train was scheduled to run 

within 24 hours. If the cancellation is between 24h and 14 

days ahead, the fee paid is 750 SEK + 15 SEK/train km 

cancelled, and 500 SEK + 10 SEK/train km cancelled for 

those that happen between 15 and 83 days ahead of 

departure. Cancellations by the IM or RUs that occur 84 

days or more ahead of time do not lead to fees. The RUs 

pay a reservation charge of 10% of the train path charge if 

the path is cancelled 83-15 days ahead of departure, 20% 

for those 14 days – 24h before departure, or 500 SEK + 

50% of the track access fee if it is cancelled within 24h. 

There is thus a small incentive against strategically 

overbooking paths, but not a strong one.  

F. Incremental planning and TTR 

Extensive research has been conducted in Sweden since 

the early 2000’s on how to improve the timetabling process, 

much of this under the umbrella term of “incremental 

allocation”. A summary of the concept, as well as a rough 

roadmap for implementation, can be found in [34]. In 

summary, delivery commitments are extracted from 

timetable applications in stage 0. These are the 

commercially important points of a timetable that should be 

known and fixed. In stage 1, not all production specifics 

need to be set in stone in the annual timetable, only these 

delivery commitments. In stage 2, trains are allowed to 

have different train paths on different days of the annual 

timetable. In stage 3 “trains that are marred by uncertainty” 

can be scheduled on shorter notice. In stage 4 a new 

planning method is introduced in the long-term planning 

process, which ensures that the delivery commitments can 

be fulfilled, without having to plan everything else in detail 

at the same time. In stage 5, the process is adapted to 

market needs by allowing applications to have different 

time frames, both far in advance and on short notice.   

The importance of getting to stage 2 in the above process 

is highlighted by [35]. In the current process, timetables are 

scheduled such that there are essentially no conflicts 

between trains, but the timetable is planned for one 

“representative” day per year, rather than for all unique 

days. This means that trains can be scheduled to wait for 

another train at a specific station every day, even though the 

other train only runs once a week. In fact, [35] show that in 

the year of 2014, there were as many as 314 unique 

timetable days. They also developed a method to schedule 

detailed and unique timetables for all these days, while 

keeping the delivery commitments fixed, and show that 

these unique timetables are more efficient.  

There is also some ongoing research into the concept of 

“reserve capacity”. Article 48 of the SERA directive [9] 

states: “Infrastructure managers shall, where necessary, 

undertake an evaluation of the need for reserve capacity to 

be kept available within the final scheduled working 

timetable to enable them to respond rapidly to foreseeable 

ad hoc requests for capacity. This shall also apply in cases 

of congested infrastructure.” [36] summarises a recent pilot-

study on the topic, and discusses both how much capacity 

should be reserved, how the reserved capacity should be 

valued, and the “reservation price” that a given request 

must surpass to be allowed to use the capacity. These and 

similar ideas are to some extent present in the ongoing 

European TTR-project [37], particularly regarding rolling 

planning, but also with path optimisation requests.  

III. RESEARCH DESIGN 

This study aims to explore potential root causes behind 

deviations between the annual timetable and executed 

freight train transports. It does so through an iterative, 

single case study process inspired by the case study design 

by [38] and combined with elements from the Punctuality 

Improvement Method System (PIMS) by [39]. This is a 

collection of methods developed for punctuality 

improvement work, designed to be a continuous 

improvement system for practitioners and facilitators in the 

railway system, whilst the goal with the case study is to 

examine the phenomenon of freight train deviations 

holistically from multiple angles. 

The first step in the study was to map the current process 

based on literature, process documents, and unstructured 

interviews with key informants. The second step included 

the collection and analysis of operational data from the 

annual timetable of 2019, covering 48,000 freight trains on 

a Swedish mainline railway, and data from the application 

systems used for the annual timetable and in the ad hoc 

process, to identify patterns and possible systematic 

deviations. The data analysis is described in section 3.1. 

The third step was to conduct and analyse 15 interviews 

with railway practitioners and experts at various RUs and 

an IM, see section 3.2. The last step was to conduct a root 

cause analysis, based on output of steps 2 and 3, allowing 

measures to be taken to reduce the problems.  



A. Case study and operational data   

The operational data was collected from the Swedish 

Transport Administration’s monitoring system. The data 

covered the section between Malmö marshalling yard and 

Hallsberg marshalling yard via Lund, Hässleholm, Nässjö, 

Mjölby and Motala, pictured in Fig. 1. This section is part 

of the TEN-T Scan-Med corridor and one of the most 

important sections for freight traffic in Sweden, including a 

total of 70 stations of varying sizes. The first part of the 

section, from Malmö to Mjölby, is part of the double-

tracked Swedish Southern mainline. The traffic on this 

section is a mix between freight and passenger trains, 

including local, regional, and long-distance passenger 

services, with a large variance in speed profiles. The 

capacity utilisation is high, especially during peak hours. 

Between Mjölby and Hallsberg, the line alternates between 

single and double track. The traffic consists mainly of 

freight trains, although there are local passenger trains from 

Mjölby to Motala and some regional passenger trains using 

the entire section from Mjölby to Hallsberg. In general, the 

capacity utilisation is lower here than south of Mjölby. 

 

 
 

Fig. 1: A schematic illustration of the studied railway line. Double track 

from Malmö-Motala, mostly single track from Motala-Hallsberg. These 

are the eight main stations, there is a total of 70 stations along this line.  

 

Two different data sets were collected, both covering the 

annual timetable of 2019. The data used to analyse the 

changes made in the ad hoc process include all freight trains 

that were scheduled to run at least on part of the line 

between Malmö and Hallsberg, also covering cancelled and 

added trains. In total, about 48,000 trains were included.  

The data used for delayed and early trains covered all 

freight trains scheduled to pass at least 45 of the 70 stations 

on the selected line, which in total included about 10,500 

train runs across 600 different train numbers. In addition to 

train numbers, timestamps etc., this data also contains 

information on delay attribution, manually coded by 

dispatchers when a delay increase of three or more minutes 

is registered. Similar data is available for cancellations, but 

not for added trains, or deviations where the train operates 

ahead of schedule. Please refer to [40] for more information 

on railway delay attribution in Sweden. 

All data was used to corroborate, substantiate, and 

complement the statements made by the interviewees, and it 

helped inform the interview questions.  

B. Interviews with practitioners 

We conducted 15 semi-structured interviews, focusing on 

the processes of capacity allocation and planning, as a 

complement to the operational data discussed above. Nine 

of the interviews were with six different RUs and six with 

the IM, all in Sweden. All interviews were recorded and 

transcribed, and the interviewees had the opportunity to 

check and approve their answers. The RUs represented  

 
TABLE 1  

INTERVIEWEES AND THEIR ROLES 

Interviewee Role Interviewee Role 

RU1 Long term planner IM1 Annual timetable 

planner 
RU2 Quality manager IM2 Annual timetable 

planner 
RU3 Prod. planning 

manager 

IM3 Ad hoc timetable 

planner 

RU4 Operations 
manager 

IM4 Ad hoc timetable 
planner 

RU5 Long term planner IM5 Operations 
manager 

RU6 Production 

manager 

IM6 Train dispatcher 

RU7 Production 

manager 

  

RU8 Planning manager   

RU9 Planning manager   

 

have between eight and 1,800 employees. Four of the RUs 

only have freight traffic, one has both freight and passenger 

traffic, and the last RU has mainly freight traffic but 

occasionally runs passenger traffic as well. All interviewees 

are presented in Table 1.  

When the respondents had confirmed the transcribed 

version of the interviews the transcriptions were rearranged 

and coded. In a first step the answers were coded based on 

the four different types of deviations (added, cancelled, late, 

early). This was followed by a more detailed coding on 

individual causes that were mentioned. In the interviews the 

effects of the four types of deviations were also explored, 

and these were coded in a similar process.  

The answers were compared to identify and continue to 

explore the causes and effects that multiple respondents 

agreed upon and those that were contradicting. The data 

was coded and structured in cause-effect loops and relations 

between causes. Effects mentioned across the different 

deviation types were also explored. Notably, these analyses 

were based on the interviewees’ perception of what 

constitutes a cause and an effect. The final step in the 

analysis iterated back to previous research on the subject to 

further explore potential causes that could be identified in 

the data as well as potential improvement actions.  

IV. ADDING FREIGHT TRAINS  

Sometimes, freight trains are added to the annual 

timetable, after it has taken effect. In our data, this applies 

to about 20% of trains, or 18 trains per day. Fig. 2 shows 

the number of additional trains paths per month (totaling 

6,618 paths over the year). Unfortunately, no data is 

available for rejected applications, or about when the 

applications are made or processed. In the interviews, RUs 

say that they are unsatisfied with the ad hoc process, and 

instead choose to apply for extra trains in the annual 

timetable (see Cancelling Freight Trains, below).  

Issues mentioned during the interviews include long 

response times and long runtimes for added trains. Several 

RUs also mention that their applications for adding trains 

are often rejected, sometimes only due to small errors, such  
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Fig. 2: Number of applications accepted for new train paths. These do not 
include applications for trains that have either been rejected or first 

accepted and subsequently cancelled, no data is available for such cases.  

 

as typos. Many rejections result in new applications, as the 

transport still needs to be carried out, which means that the 

rejections increase the workload for both the RUs and the 

IM. New applications following on rejections also arise 

when applications are rejected due to lack of capacity. 

Today, the RUs can only state a certain preferred departure 

or arrival time, rather than an interval, which means that the 

timetable planner themselves decide how wide they search 

for a possible train path. However, freight traffic is usually 

flexible, and the most important aspect is that the transport 

can be carried out, not that a specific departure time is met. 

To reduce these rejections, and thereby reduce the time and 

resources needed to handle the changes, several RUs ask for 

better communication during the ad hoc process.  

V. CANCELLING FREIGHT TRAINS  

Cancellations are common: about 35% of freight trains in 

our data were cancelled. According to both the interviewees 

and the operational data pictured in Fig. 3, the most 

common causes by far for changes in the ad hoc process are 

different kinds of production adaptations at the railway 

undertakings (RUs). This happens for about 24% of freight 

trains, or 2/3 of all cancellations. The second biggest cause 

was adaptation to trackwork possessions, affecting about 

7% of freight trains. The third most common cause of 

cancellations is erroneous planning, at about 3%. Other 

causes lead to cancellations for about 1% of trains.  

According to the interviewees, these cancellations are 

necessary to handle changing demand from customers. 

While some RUs rarely cancel trains on their own initiative, 

other RUs describe that they apply for extra trains in the 

annual timetable, which are to varying degrees cancelled 

later. The purpose of having extra trains, that are then 

cancelled, is to ensure train paths for possible future 

customers or to handle uncertainty in customer demands. 

The latter is needed as some of the RUs' customers cannot 

determine exactly how many trains they will need, which 

days they need them or where they need the trains when 

they apply for the annual timetable. This is most frequent in 

the forestry sector, where it is difficult to know far in 

advance where the timber will be picked up. The RUs  

 
Fig. 3: Probability of train path being cancelled, by reported cause.  

 

 
Fig. 4: Probability of cancellation of train by month, due to the top 3 
reported causes. Cancellations due to railway undertaking and erroneous 

planning increase gradually over the year. Trackwork possessions peak in 

the summer and taper off towards the winter.  

 

handle this by applying for a few trains to different 

locations each day, although only one of the train paths will 

be used. This behaviour is known to the IM. Unfortunately, 

no data is available about when cancellations are made.  

The operational data illustrated in Fig. 4 shows that for 

two of the causes, RUs and erroneous planning, probability 

of cancellation increases steadily throughout the year. This 

is in line with the explanation that freight trains are difficult 

to plan well far in advance. For adaptations to trackwork 

possessions, Fig. 4 instead shows a clear peak in the 

summer months. This is the time of the year when most big 

trackworks take place, so it is not surprising. However, it 

reinforces the notion, expressed in interviews, that the 

timetables are often not adapted to trackwork possessions 

when they are created – such adaptations often happen later.  

VI. FREIGHT TRAIN DELAYS  

A. Beginning behind schedule 

Approximately 40% of the freight trains in the case study 

had an initial delay when they entered the network, as 

illustrated in Fig. 5, top. These delays can arise in two 

ways: before or after the train reports that it is ready to 

depart. Fig. 5, bottom, illustrates that about 20% of trains 

experience delays before they are ready to depart. As Fig. 5 

illustrates – as the plotted lines are roughly straight on a 

normal probability plot, where the Z-values indicate the 

number of standard deviations away from the mean – the 

probability of both types of delays are essentially normally 

distributed over both dates and train IDs, except that it is  



 
Fig. 5: Normal plot of the probability of late departures (top) and reports 

(bottom) across days and train IDs. Departure delays are composed of two 
parts: first the train needs to report that it is ready to depart, which can 

sometimes be delayed, then a dispatcher needs to give the train permission 

to depart, which can also be delayed. It turns out that the permission is 
almost always (>99%) delayed, so this is not plotted.   

 

truncated at 0%. The standard deviation for the probability 

of departure delay is about 15%, and about 11% for late 

reports. Delays after the train reports that it is ready, are 

ubiquitous and affect more than 99% of trains. This only 

rarely leads to a delayed departure, however, because most 

trains report being ready ahead of schedule, a topic we will 

return to below.  

The range of departure delays can be very large. Delays 

before trains are ready follow a flat distribution, with very 

long tails in both directions, up to a maximum of about 15 

hours. The distribution of delays after the train is ready is 

more compact, usually up to about 20 minutes, but 

sometimes reaching up to 10 hours. In total, there exist 

some extreme departure delays of up to 22 hours during the 

year. Such extremes are rare, however, and less than 1% of 

freight trains depart more than 3 hours behind schedule.  

Table 2 shows that Late from depot alone contributes a 

quarter of all delay hours, which is more than three times 

more than any other individual attribution code. It is 

difficult to determine the causes of delays occurring outside 

of Sweden. Trains being late from depots or yards within 

Sweden have widely varying causes, not all of which 

originate there. The most common cause, mentioned by all 

RUs, is that the loading is not done in time. This in turn can 

be due to late deliveries of goods from customers, issues 

with the loading at the yard or that the goods arrive in other 

trains that are delayed. Other major issues include 

locomotives or drivers arriving late, due to previously 

arriving trains’ delays, or issues with rolling stock. 

B. Run- and dwell time delays 

Once they depart, freight trains can be affected by run- 

and dwell time delays. These are cases when the train takes 

longer to run between two stations than scheduled, or stops 

for longer than scheduled at a station, respectively. For 

context, our data contains some 575,000 runtimes and  

 
TABLE 2:  

TOP FIVE CAUSES OF FREIGHT TRAIN DELAYS IN THE SAMPLE, 

ACCORDING TO OPERATIONAL DELAY ATTRIBUTION DATA. 

Rank order  
(of 33) 

Delay attribution code Delay hours  
during 2019 

Share of  
total 

1 Late from depot 1 516 25% 

2 Delayed by other  
train 

438 7% 

3 Late from abroad 425 7% 
4 Weather 364 6% 

5 Deviating train  

composition 

353 6% 

 

56,000 dwell times, so there are about 11 runtimes for every 

dwell time. Runtimes are here defined as the time it takes 

for a train to run between two adjacent operating points, 

some of these points are stations where some trains stop, 

others are older stations or technical points, where this no 

longer happens. Dwell times are instead only counted (or 

included in the data) when the trains have a scheduled stop 

at a station (or other operating point). In fact, dwell times 

are only registered at points where trains have scheduled 

stops. Unscheduled stops at other points would instead lead 

to runtime delays. Put simply, the trains pass by many 

operating points without stopping. This naturally means that 

runtime delays are a bigger issue for freight trains.  

Fig. 6 explores the influence of a train’s departure status 

on the occurrence of both types of delays. With delays, we 

here mean instances when an activity in practice takes 

longer than scheduled – such as a particular runtime taking 

six minutes instead of four minutes, regardless of whether 

the train is behind schedule or not. In this way freight trains 

– which as we have seen very rarely depart on schedule – 

are different from passenger trains, where we instead would 

want a train that arrives early at a station to stay there 

longer, until the scheduled departure time, without 

considering that a delay. In this sense, we consider that 

freight trains operating ahead of schedule may still 

experience run- and dwell time delays, even if they do not 

have arrival delays. This is similar to a North American 

definition of freight train delays (e.g. [41]), where a delay 

means an extended travel time, without reference to specific 

departure or arrival times. For runtime delays (Fig. 6, top), 

we find that the probability of delay is highest for trains that 

are behind schedule, with little difference between those 

that are ahead of schedule or on time. The size and standard 

deviation of runtime delays also varies, being the lowest for 

trains that are on time, and higher when they are either 

ahead of or behind schedule. Being on time is thus 

preferable from the perspective of runtime delays.  

Fig. 6 (bottom) also shows that dwell time delays are the 

smallest and least variable when trains are on time, but that 

the probability of delays is even lower if trains are behind 

schedule, and higher if they are ahead of schedule. This 

suggests that stops are sometimes skipped or reduced when 

trains are behind schedule, and that they sometimes are 

prolonged for trains that are ahead of schedule. Both 

practices are what one would expect and desire. Comparing  
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Fig. 6 Run- (top) and dwell time (bottom) delays by status of train. 

 

run- and dwell time delays, the former are more frequent, 

both in sheer numbers (as freight trains make relatively few 

stops), and in terms of probability. When they happen, 

however, dwell time delays tend to last longer.  

The different causes for of run- and dwell time delays are 

illustrated in Fig. 7. It shows us that Railway Undertaking is 

the most probable known cause for both types of delays, 

occurring in 2% of runtimes and 3% of dwell times. When 

this happens, the mean delay size is 10 minutes for runtime 

delays and 32 minutes for dwell time delays. For both delay 

types, Accident/External is slightly less probable, but leads 

to the biggest delays (averaging 14 and 36 minutes, 

respectively) and standard deviations. However, most 

delays by far are due to an unknown cause. There is a 27% 

probability of such a delay occurring on any given runtime 

section, and a 16% probability for dwell times. The average 

size for these runtime delays is 3 minutes, and 13 minutes 

for dwell time delays. The greater average size of dwell 

time delays somewhat compensates for the fact that there 

are many more run- than dwell times, and the slightly 

higher probability of run- compared to dwell time delays. 

The variation in run- (top) and dwell time delays 

(bottom) across days, train IDs and line segments is 

illustrated in Fig. 8. All three fit rather well to normal 

distributions with average probabilities of about 30% for 

runtimes and around 20% for dwell time delays. As we saw 

in the previous paragraph, the average probabilities should 

be 29% and 22%, respectively, and the discrepancies here 

are mainly because the averages across each of these 

dimensions are unweighted, while a subset of stations 

(mainly, but also dates and train IDs) has many more 

observations than others.  

The standard deviations which govern the slopes in Fig. 8 

vary significantly across the three variables. For both run- 

and dwell time delays, it is the smallest across dates, at 3% 

and 4%, respectively, suggesting that there is a small  

 
Fig. 7 Causes of run- (top) and dwell (bottom) time delays, and their 

associated sizes, standard deviations, and probabilities.  

 

 

 
Fig. 8 Normal plot of the distribution of run- (top) and dwell (bottom) time 

delay probabilities across days, train IDs and line segments.  

 

normal variation across time, but that this is not the 

dominant dimension. The variations across train IDs have 

high standard deviations of 9% for runtime delays, and as 

high as 14% for dwell time delays, for which it is the 

dominant factor. The geographical variation is larger (and 

dominant) for runtime delays, with a standard deviation of 

17%, and still substantial for dwell time delays (a standard 

deviation of 9%). These probabilities are then modified 

slightly by whether the train departed on time or not (Fig. 

8), by the (usually unknown) cause of delay (see Fig. 7).  

Putting these dimensions together, there can be a large 

range of delay outcomes, both in terms of probabilities and 

sizes, but the baseline risk is quite high. A variation across 



days is difficult to compensate for in a timetable, but the 

variation across both train IDs and geography can in 

principle be adjusted for in scheduled run- and dwell times.  

In fact, an average train travelling the 54 runtime sections 

along the studied line, making an average of almost 5 stops, 

would be expected to encounter 16 runtime delays and one 

dwell time delay, for an average of about 104 delay 

minutes. This is just an average case, and as we have seen 

there are substantial standard deviations along several 

dimensions here, so there is a large range around these 

numbers. Still, it highlights the need to recover time in 

various ways, a topic we shall now turn to.  

VII. FREIGHT TRAINS RUNNING AHEAD OF SCHEDULE  

Trains often operate ahead of schedule due to a 

combination of causes, and this can spread to associated 

trains. For instance, a train might depart early and thus does 

not need to stop for a scheduled interaction, making the 

train run further ahead of schedule. When the train arrives 

at its destination early, the rolling stock is available earlier 

than planned for the next train in the traffic circulation, 

resulting in another early departure.  

In general, the RUs consider early trains an indication 

that the planning could have been done in a better way. 

These deviations are not appreciated by the RUs, even 

though trains being early mean that the goods will not be 

delayed to the customers and associated trains will not be 

delayed. One way to eliminate the issues with early trains is 

to prohibit trains departing early. However, this is not 

recommended by either RUs or operational staff at the IM. 

Some brief trials have been carried out where no trains were 

allowed to depart early [42], but the results have been large 

delays both for freight and passenger trains. The following 

is a short account of different ways in which trains run 

ahead of schedule.  

A. Beginning ahead of schedule 

About 60% of all freight trains on the line depart ahead 

of schedule, and this is acknowledged by most of the 

interviewees. Slightly more do so from Malmö (65%), 

going north, than from Hallsberg (49%), going south. Fig. 

9, top, shows that the probability of departing early is 

normally distributed over both dates and train IDs. Fig. 9, 

bottom, shows that almost 80% of trains report being ready 

to depart ahead of schedule, with a smaller discrepancy 

between the two yards (80% and 76%, respectively). From 

reporting to departing, about 20% of trains thus stop being 

ahead of time, having to wait for permission, slightly more 

from Hallsberg (27%) than Malmö (15%). There is a short 

single-track section just south of Hallsberg, so that more 

trains wait to depart from there is not surprising.  

The interviewees mention several causes for why trains 

are ready to depart early. Two explanations are that the staff 

at the marshalling yards start the loading early, or that the 

loading takes less time than scheduled; for example, if the 

train has less goods than usual. Other common causes are 

that the train path has a later departure time than what was  

 

 
Fig. 9 Normal plot of the probability distribution of departing (top) and 
reporting (bottom) ahead of time days and train IDs. 

 

applied for, or that that the time between two associated 

trains is longer than requested. Running ahead of schedule 

can thus spread from one train to another when goods or 

rolling stock arrive early to transhipments or turnarounds.  

For dispatchers, early trains can be an asset as their 

scheduled train paths can be used by late trains. The extra 

time can also be used at meetings/overtakes to give other 

late trains a possibility to take back some time, e.g. by 

letting the early train take the cost of waiting at the meeting 

station. As a result, trains are often allowed to depart early 

when possible. However, the dispatchers cannot, for the 

most part, check the entire train path before releasing a 

train, and sometimes, early trains impede other trains, 

especially during disruptions.  

B. Running faster than scheduled 

Freight trains sometimes run faster than scheduled, once 

they are in the network. Fig. 10, top, shows that 40% of 

freight train run times are shorter than scheduled. The Fig. 

also shows how there is some variation around this mean, 

essentially following normal distributions across dates, train 

IDs, and line segments. The variation is largest across the 

latter of these, with a standard deviation of 15%, closely 

followed by the variation amongst train IDs, at 11%. The 

standard deviation is smallest across dates, only 4%.  

The interviewees mention three main causes for trains 

running faster than scheduled: 1) When the formation of the 

trains varies from day to day, they can have different speed 

limits on different running days. In the application, the 

lowest speed is used to avoid delays, which means that the 

train can run faster other days. 2) Sometimes the runtime 

calculation is not correct, due to errors in or insufficient 

adaptation of the runtime templates to freight trains. 3) 

Many trains also run faster because they have excessive 

runtime supplements. Some trains also have time 

supplements for trackwork possessions all year, although 

the works only last short periods. Most of the RU 

interviewees think that the runtimes and time supplements  
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Fig. 10 Normal plot of the probability of negative run- (top) and dwell 

(bottom) time delays across days, train IDs and line segments or stations.  

 

have increased in recent years. In several cases, the 

runtimes have passed a critical limit, forcing the RUs to 

take costly measures that, in hindsight, would not have been 

necessary. The IM also knows of the issue with excessive 

runtime supplements, but that it does not apply to all trains.  

Trains can also make up time at stops, either completing 

them faster than scheduled, or skipping them entirely. Fig. 

10, bottom, shows that this happens for as much as 75% of 

stops, and that the distribution of negative dwell time delays 

across dates, train IDs and stations all roughly fit to a 

normal distribution. The variation is biggest across train 

IDs (with as standard deviation of 17%), followed by 

stations (11%) and dates (4%).  

The interviewees mention the following causes for 

reduced dwell times: 1) Technical stops can be avoided 

because one or both trains deviate from their train paths, so 

that a scheduled interaction between them is no longer 

necessary. 2) That the interacting train does not run at all. 

For instance, if a train running every day has a scheduled 

interaction with a train only running on Mondays, it will get 

the same train path every day, even though the interaction 

only occurs on Mondays. 3) Some stops are scheduled as 

breaks for the drivers, according to regulations, but the 

drivers can choose to shorten them or not to use them at all. 

4) Commercial stops (such as for loading and unloading) 

can be completed faster than scheduled.  

VIII. SUMMARY OF DEVIATION PARAMETERS 

The parameters described in sections VI-VII above are 

summarized in Table 3. These can be helpful for modelling 

purposes, and for better understanding how much and on 

which dimensions the different types of deviations vary. 

The probability of deviations when reporting ready at the 

yard, departing from the yard, running between stations, 

and stopping at stations, all roughly follow normal 

distributions with the means and standard deviations 

gathered in Table 3. That the means differ somewhat 

depending on whether one counts across dates, trains, or 

stations is because of differences in weights, and the 

differences are not very meaningful. The difference in  

TABLE 3:  

SUMMARY OF MEANS AND STANDARD DEVIATIONS ACROSS DATES, 

TRAINS AND STATIONS FOR DIFFERENT TYPES OF DEVIATIONS.  

Variation across: Date Train Station 

Deviation type: Mean St.dev. Mean St.dev. Mean St.dev. 

Ready late at yard 20% 12% 20% 11% N/A N/A 

Late departure 36% 14% 35% 16% N/A N/A 

Extended runtime 29% 3% 30% 9% 29% 17% 

Extended dwell time 22% 4% 24% 14% 17% 9% 

Ready early at yard 79% 12% 79% 11% N/A N/A 

Early departure 61% 14% 62% 17% N/A N/A 

Shorter runtime 41% 4% 39% 11% 40% 15% 

Shorter dwell time 73% 4% 70% 17% 80% 11% 

 

standard deviation is more important. For instance, for 

runtime deviations (both shorter and longer than scheduled) 

the geographical variation is the largest, while there is still 

substantial variation amongst trains, and only little variation 

between days. For departures from yards, however, the 

variation across dates and trains is of almost the same size. 

Notably, Table 3 does not contain information on the sizes 

of deviations, only the probability that they will occur. It is 

well known from earlier literature and experience that delay 

sizes are not normally distributed, and this paper does not 

attempt to model these size distributions.  

IX. ANALYSIS AND AREAS OF IMPROVEMENT 

There are connections between the four types of 

deviations. One important set of connections relates to the 

lack of train path variants that cause early trains, illustrated 

in Fig. 11. The lack of timetable variants (such as to 

account for interactions occurring on some days but not 

others) could be caused by the need for many trackwork 

possessions. It might also occur when a daily train has the 

same train path every day, although the interactions with 

other trains differ on different running days.  

We see that there are many factors contributing to the 

lack of train path variants. For example, if RUs apply for 

more train paths than they intend to use, this leads to a high 

number of applications and an increased workload at the 

IM. This means that the timetable planners do not have time 

to make multiple variants within the same train number, to 

adapt to varying traffic conditions. Because there are not 

enough variants to account for the varying conditions, many 

of the trains will in practice run early, compared to the 

schedule. RUs then attempt to optimise their timetables, to 

better utilise their resources, which leads to many 

applications in the ad hoc process. A lack of resources and 

system support at the IM makes it difficult for them to find 

new train paths, resulting in a high rate of rejections in the 

ad hoc process. This, in turn, means that RUs will have 

little trust in this process, and they compensate by instead 

applying for more train paths than they plan to use, 

completing the cycle and creating a feedback loop.  



 

 
 

Fig. 11: An illustration of how different causes relate to one another. 

 

The benefit of there being a loop, illustrated in Fig. 11, is 

that it can be interrupted at many different stages. For 

instance, if more of the required capacity for freight trains 

was instead allocated on a shorter time horizon, within the 

ad hoc process (such as is suggested in [36]), it is easy to 

see how the deviations would quickly decrease. This could 

be done through reserving capacity in the annual process, 

instead of trying (in vain) to schedule all freight trains in 

detail on an annual basis. The reserved capacity can then be 

applied for by RUs when necessary. As a result, the 

complexity of the scheduling could decrease. This could 

make it easier to plan the required trackwork possessions, 

with less need of train path variants and with greater 

certainty that the trains that are scheduled will run.  

In addition, with fewer trains in the annual timetable, it 

would be easier to adapt the ad hoc applications for freight 

trains to existing traffic, and it would be easier to create 

new train paths for them. This could alleviate the lack of 

resources, lead to shorter response times and less rejections, 

thus greatly reducing the issues in the ad hoc process. With 

more confidence in this process, there would be less need 

for RUs to apply for extra trains that they will not use. This 

in turn could reduce the number of applications and the 

workload for the planners. The allocated train paths will 

then be better suited to the conditions when the train will 

run, such that there is no longer a lack of variants.  

With more appropriate variants, there is less reason for 

trains to run ahead of or faster than scheduled, and train 

paths will be better optimised for the circumstances. As 

they are created for more specific times, this would result in 

a reduced need to reschedule trains to possessions, as these 

will already be known. With this need gone, one of the 

main reasons for ad hoc requests would be eliminated, and 

there are instead more resources left to schedule new freight 

trains, enabling shorter response times and lower rejection 

rates, in a virtuous circle. This is one example of how a 

change in one part of the process could cause a ripple effect 

and lead to a reduction of all four types of deviations.  

Other interventions would be to improve the system 

support for timetabling at the IM (this is in progress, but 

delayed), to employ many more timetable planners, and/or 

to find a more predictable way to schedule trackwork 

possessions (perhaps such as in [43]), such that less 

adaptations of train paths need to be made for that reason. 

All of these are likely to be beneficial but shifting a greater 

part of the scheduling of freight trains into the ad hoc 

process rather than the annual timetabling process would be 

a relatively easy policy change and does not require any of 

the other interventions to yield benefits. The underlying 

unpredictability of freight transport demand itself is 

unlikely to change any time soon.  

X. CONCLUSIONS 

In this paper, we have studied how and why freight trains 

deviate from timetables, with a particular focus on the 

process of capacity allocation.  

Once the annual timetable has been set, we have seen 

that adding trains is difficult but rather common, some 20% 
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of freight trains were added in this way. Cancellations are 

still more frequent, affecting about 35% of scheduled 

freight trains, mostly upon request by RUs.  

The most common cause for freight train delays is that 

they are late from the yard or depot. 40% of freight trains in 

our case study begin in this way. Once a train is in the 

network, the cause of most delays is unknown, but 30% of 

runtimes and 20% of dwell times are delayed. These are 

averages, the probabilities vary across train IDs, geography, 

and day to day, essentially following normal distributions.  

More commonly, freight trains run ahead of schedule. 

80% ready to depart early, and 60% do so. Once in the 

network, 40% of runtimes and 75% of dwell times are 

shorter than scheduled. Again, these are averages, with 

large variations across train IDs and geography, and to a 

less extent between days. The reason that trains are ahead 

of schedule is essentially that timetables are not sufficiently 

adapted to the actual operational conditions.  

Analysing the root causes for the deviations, we identify 

links and feedback loops between different causes. One 

type of deviation can lead to another one, which causes 

another, and so on. This suggests that improvements on one 

dimension could have effects on others too. For instance, 

adjusting how capacity for freight trains is allocated could 

lead to fewer deviations and a higher punctuality.  

The study suggests that the underlying unpredictability of 

freight transport demand is inevitable, and that the process 

of allocating capacity should be further adapted to the 

specific requirements of freight transportation. One way to 

do this is to reserve more capacity for freight trains in the 

annual process, which can instead be allocated in the ad hoc 

process (or another short time horizon). In line with 

previous research on incremental planning and similar 

LEAN approaches, this could lead to more appropriate 

timetables for freight trains, with less deviations and a 

reduced amount of (wasted) planning effort that currently 

goes into first creating and then continuously readjusting 

the annual timetable. Another recommendation is to use IT 

support that is better able to handle multiple variants of 

timetables and more rapid, possibly automated, processing 

of requests for new or modified train paths. This would also 

help make the scheduled train paths more relevant during 

actual operations. In turn, this might make railways more 

attractive for freight transports, helping to induce a modal 

shift away from road towards rail instead.  
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