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ABSTRACT Punctuality is an important aspect of train operations, highly valued by passengers. Both
Swedish and Norwegian railways have introduced frameworks to systematically improve punctuality in
their systems, inspired by an extensive literature on Total Quality Management. After about a decade
with these frameworks, we can see that punctuality has risen by about 2-3 percentage points. However,
this pace of improvements is slower than desired. We propose that there is a gap between what most
individual improvement efforts deliver, and what can be detected by directly monitoring punctuality. This
gap stifles the desired culture of constant improvements. We instead propose a methodology for how to
monitor punctuality improvements, by focusing on the constituents of a train trip. Using 20 years of data
from commuter trains in three metropolitan regions (Stockholm, Gothenburg & Malmö), we show the
frequency of runtime and dwell time delays is directly related to punctuality. These delay frequencies are
also easy to measure and target, and more easily capture the intended effects of specific improvement
efforts. Our hope is that this framework and measures such as these will better enable systematic efforts
to improve railway punctuality.

INDEX TERMS Public transport, rail transportation, railway monitoring, rail transportation reliability.

I. INTRODUCTION

THE IMPORTANCE of travel time reliability to rail
passengers has long been acknowledged in scientific

literature [1]–[4]. An extended travel time that is known
ahead of time can be planned for, whereas an unreliable ser-
vice forces travelers to add extra time to their travel plans
– the size of which is unclear. A reliable rail travel ser-
vice depends on high train punctuality, and to achieve this,
systematic quality work is needed.
Several methodological papers concerning timetable devel-

opment have been published, with the goal of creating
timetables that are robust towards delays [5]–[7]. In com-
parison, the literature on methods for systematic punctuality
improvement based on an already decided timetable is
scarce. To our knowledge, only a few such frameworks have
been attempted and published. For instance, [8] developed

The review of this article was arranged by Associate Editor Margarida
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methods for rail quality improvement in Great Britain, [9]
developed the PULS model in Sweden.
In the most recent attempt we are aware of, [10] created

the Punctuality Improvement Method System (PIMS) method
in Norway. The PIMS method acknowledges that systematic
punctuality improvement work is similar to other quality
work. It is thus based on basic principles from the Total
Quality Management (TQM) research area, such as customer
focus, continuous improvement, total participation, and soci-
etal networking [11]–[13]. Other approaches to quality work
are Lean and Six Sigma, but [14] argue that the basic ideas of
Lean and Six Sigma are the same as in TQM, so for brevity
we refer to these approaches as TQM. TQM emerged in
the manufacturing sector, but has subsequently spread to the
service sector in particular [15]. Reference [16] conducted a
systematic literature review of TQM work, emphasizing the
importance of customer focus for successful implementation.
Even though the PIMS method development work was

based on well-known TQM principles and included both
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researchers and practitioners, punctuality levels in Sweden
and Norway have only improved marginally since the intro-
duction of systematic quality work. The suggestion in this
paper is that the monitoring part of PIMS (and similar
approaches) needs to be amended to achieve a more substan-
tial improvement in rail punctuality levels. We argue that an
important reason for the stagnation in punctuality improve-
ment is that the gap between the final goal of high train
punctuality, and the traditionally measured factors that influ-
ence punctuality, such as factors within categories such as
infrastructure, operations, timetable and weather [17]–[24],
is too large. The relationships between these traditional influ-
encing factors and punctuality are weak and it is still unclear
to what extent an improvement in one of the influencing
factors will affect overall punctuality levels.
The aim of this paper is therefore to amend the monitoring

part of punctuality improvement frameworks, so that the
relation between what is monitored/measured and overall
punctuality levels become clearer and can contribute to actual
punctuality improvements. The purpose of this paper is not
to provide evidence for measures which improve punctuality
per se, only how to monitor such efforts. The following
section of this paper provides with a background description
of existing rail quality work. A framework for monitoring rail
punctuality improvements is then developed in Section III. In
Section IV, the methodology is demonstrated by application
to data. Section V concludes the paper.

II. BACKGROUND
A. PUNCTUALITY IMPROVEMENT SYSTEM (PIMS)
The method development in this paper starts with the
PIMS method as a baseline [10], which is based on Total
Quality Management (TQM) discussed in the introduction.
According to [10], the PIMS method encompasses: i) con-
tinuous improvement, ii) systemic combination of abstract
thought and empirical data, iii) interaction between a base
organization and an improvement project, and iv) user friend-
liness. Fig. 1 shows the steps in the PIMS method. The
PIMS method has been applied to train punctuality quality
work in Norway [10]. The red circle in Fig. 1 indicates the
Improvement work part that is amended in this paper.

B. TOGETHER FOR TRAINS ON TIME (TTT)
The Swedish analogy to the PIMS work in Norway has been
the TTT – Together for Trains on Time. TTT was established
in 2013 and constitutes a systematic quality work regarding
train punctuality through collaboration between organizations
from the railway infrastructure manager, railway operators,
the railway real estate owner and public transport authori-
ties. All organizations within TTT share the goal that 95% of
trains in Sweden arrive to their destination with a delay of at
most 5 minutes after the scheduled arrival time (with the sec-
onds being truncated; whether canceled trains are included
or not has changed over the years since TTT started in
2013). TTT releases monthly punctuality reports online [25]
and a yearly summary of the quality work done and results

FIGURE 1. An illustration of the PIMS framework [10] with the focus of this paper
circled in red.

FIGURE 2. Recent development of punctuality in Sweden and Norway. Own analysis
of nation-wide operational data for passenger and freight trains. The big dips in
punctuality are largely associated with particularly harsh winters, and an insufficient
ability to deal with these.

achieved regarding train punctuality in Sweden [26]. The
structure of TTT’s punctuality monitoring work has changed
slightly over the years, but the focus has been on collecting
information about delay hours, categorized by the attributed
cause of the delay, e.g., infrastructure failure or trespassing.
The work within TTT was analyzed and a number of new
indicators for monitoring was suggested in [27]. According
to [28], the collaboration element of TTT appears to have
been successful.

C. DEVELOPMENT OF PUNCTUALITY IN SWEDEN AND
NORWAY
Fig. 2 illustrates the development of punctuality in both
Sweden and Norway over the last several years. We see
very similar trends for the periods where we have over-
lapping data, though the level in Norway has consistently
been higher than in Sweden. Following the work of [10], we
can see that the punctuality has reached a higher level than
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TABLE 1. Overview of possible scenarios during train operations.

FIGURE 3. Framework developed within the project for identifying and analyzing
punctuality indicators of different types.

before. The level in Norway reached a stable level of about
93% in 2012, up from about 90%, after which there has been
little improvement. In Sweden we also see a slight improve-
ment in the period 2013-2019 (89%) compared to 2001-2009
(87%). In both countries, however, progress appears to have
stalled since about 2012 (Norway) and 2013 (Sweden). This
suggests that in both countries, the above-mentioned system-
atic approach has arguably raised the level of punctuality by
2-3%-points. The target of 95% is still a long way off, how-
ever, and the approach thus needs to be modified to deliver
better results.

III. A FRAMEWORK FOR MONITORING PUNCTUALITY
A. FOUR LEVELS OF INDICATORS
This paper develops a framework for indicators at different
levels, as illustrated in Fig. 3. Punctuality is the outcome
of a several processes at different levels and the framework
can assist in sorting out which indicator to measure at which
level, depending on the purpose of the measurement. A typ-
ical Level 1 indicator, what (public) operators care most
about, is a customer satisfaction index, which is measured
by asking travelers how satisfied they are with their train
trip. A typical Level 2 indicator is punctuality, measured as
the percentage of trains arriving to the destination with a
delay below a certain threshold. Typically, trains that arrive
less than 6 minutes behind schedule are considered punctual.

Punctuality is monitored on a yearly, monthly, or even daily
basis, with the purpose of determining whether punctuality is
approaching a chosen goal (e.g., 95% punctual trains). Both
Level 1 and Level 2 indicators are so called lag indicators,
since they are measured after the train operation processes
have been completed, to evaluate the performance and draw
lessons for the future.
Level 3 and Level 4 indicators are, on the other hand,

so called lead indicators. These measure the performance
of the train operation before or while it is conducted, to
provide insight into what can be done to decrease delays
during the process. The different phases of the train trip
associated with Level 3 indicators are explored in greater
depth in the next section. Level 4 indicators are related to
underlying factors which affect the possibility to complete
a railway trip on time. Some examples of these are the
timetable, infrastructure, rolling stock, station design, and
weather.
Indicators on levels 1, 2 and 4 are relatively commonplace

and well established in both research and practice. One of
the contributions of this paper is to add Level 3 indicators,
intended to bridge the large gap between Level 2 and Level
4. For that reason, the rest of this paper is centered on Level
3 indicators.

B. INVENTORY OF LEVEL 3 INDICATORS
Table 1 shows how a train journey is made up of a sequence
of events and processes. Events are when the train departs
or arrives at a station, which can happen before, on, or
after schedule. In Table 1, each such scenario has a separate
column. The runtime (Table 1b) and dwell times (Table 1 c)
are processes, which can be faster, slower, or as long as
scheduled, each a separate row in Table 1. This cycle is then
repeated until the train reaches its destination with a final
arrival time, which is often evaluated in terms of punctuality.
Level 3 indicators arise from the intersections of run-

times and arrival times (Table 1b), as well as dwell and
departure times (Table 1c). There are nine combinations for
both intersections, each of them with different implications,
in addition to the three possibilities at the first departure
(Table 1a), for a total of 21 (9+9+3) possible indicators. We
have color-coded them to help distinguish between the vari-
ous consequences. Three combinations in Table 1 are green,
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indicating that these are entirely according to schedule. Three
of them are highlighted in red, indicating potential delays.
Four are dark blue, indicating how delays can be recovered.
Five are yellow, ways in which trains can come to be ahead
of schedule. The last four, light blue, are ways in which
trains come to be less ahead of schedule. Of course, the
colors per se are not important, they only serve to illustrate
the various alternatives.
Notably, we focus on the extent to which these scenarios

arise and focus on frequency rather than size of any devia-
tions. Earlier studies, as well as our own analyses [29], have
shown that small delays are much more common than larger
ones, and that the distributions are far from normal, with
long tails of sometimes very large delays, so that averaging
across size is not very meaningful or robust.
The frequency of delay is a simple and direct measure, and

in most cases, it will correspond well to measures of delay
size: large delays are more likely to cause secondary delays
for other trains, resulting in a greater number of delays than
would otherwise be the case. Measuring the frequency is
thus a simple and direct way to sidestep the complicated
issues of distributions and weighting. If the frequency of
delays can be decreased, then the overall delays, the total
inconvenience to passenger, and the corresponding costs to
operators are all likely to decrease as well.

C. RELATIONSHIP BETWEEN LEVEL 3 AND
2 INDICATORS
Ideally, operations would be executed according to schedule,
and we should see a high share of movements coded as green
in Table 1. If this is not the case, then categorizing the
outcomes of operations according to Table 1 can help more
precisely identify and target issues in the operations. For
instance, it can aid in determining the extent to which delays
arise at the very beginning, before the journey even begins,
or when the train runs between stations, or during the dwell
times at stations. It can help in identifying when and where
train drivers drive faster than scheduled, perhaps suggesting
that scheduled travel times are longer than required or that
energy consumption could be reduced. It also indicates where
margins are used to reduce delays, and where they are not. In
general, it provides a more detailed picture of the operations
than simply looking at punctuality.
There is a complex interplay between these Level 3 indica-

tors which results in Level 2 indicators such as punctuality.
However, the most critical factor, is the extent to which
delays arise (red fields in Table 1). If delays do not occur
in the first place, the trains cannot be behind schedule. If
delays occur, they may at least partially be compensated
by later recovery (dark blue fields in Table 1), but this is
not instantaneous. The capacity to recover delays is gained
by having margins on runtimes and/or dwell times. When
these margins are not needed for delay recovery, trains can
run faster or stop for less time at stations, allowing them to
arrive ahead of schedule (yellow fields in Table 1). This is
a sign of wasted capacity, sometimes realized when trains

FIGURE 4. Daily variations in frequency of run and dwell time delays along with
punctuality, sorted based on punctuality. A small sample of data (6 months) for
illustrative purposes.

FIGURE 5. Punctuality as a function of frequency of run and dwell time delays
respectively. A different presentation of the data used in Fig. 4.

then need to slow down to return to schedule (light blue
fields in Table 1). While it is preferable to recover delays
than to carry them forward, the capability to do so is costly
in terms of capacity and introduces further variability into
the operations. If less delays arise in the first place (less red
in Table 1), fewer of these margins are required, and possi-
bilities to run ahead of time are reduced, while punctuality
improves.
Any given railway will experience varying frequencies of

delays and levels of punctuality from day to day, sometimes
with large variations. Fig. 4 illustrates an example, showing
the shares of run- and dwell times that have been delayed
each day, along with punctuality, for a relatively small sample
(6 months) of data which has been sorted by punctuality,
rather than date. This more clearly shows that the Level
3 indicators, both regarding the frequency of run- and dwell
time delays, are inversely related to punctuality. The more
delays, the lower the punctuality. We also see a positive
correlation between run- and dwell time delays, although
the latter is much more common and variable.
To see the relationships even more clearly, and help oper-

ationalize them, we group the data on each type of Level
3 indicator (in this case frequency of run- and dwell time
delay) and take the average punctuality across these obser-
vations. Displaying these relationships in a scatter plot, we
get Fig. 5. One benefit of clustering data based on the Level
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FIGURE 6. Illustration of the method to identify target levels for Level 3 indicators
(e.g., run and dwell time delays) in order to reach desired goals for the Level
2 indicator (e.g., punctuality). Based on the sample data in Figs. 4–5.

3 indicator and calculating the punctuality within this clus-
ter, rather than the reverse, is that the direction of causality
is preserved: we want to reduce the frequency of delays to
improve punctuality, not the reverse. On the horizontal axis
we have the frequency of delay (for dwell and run times
separately), or some other Level 3 indicator, while the ver-
tical axis shows the punctuality (or a Level 2 indicator of
choice).

D. METHOD FOR CALCULATING TARGET LEVELS
To make practical use of these relationships, we propose
that railway operators set targets for Level 3 indicators (i.e.,
the frequency of run and dwell time delays), such that the
Level 2 indicator of choice (i.e., punctuality) will in turn
reach a desired level. In Sweden, for instance, many railway
operators aim at a punctuality level of 95%. As we have seen,
this has (strict) implications in terms of the frequencies of
delays that can be accepted. To illustrate this, please observe
the horizontal red, dotted line in Fig. 6, indicating a desired
punctuality of 95%. We can then see that up to 2% of run
times can be delayed while achieving a punctuality of 95%
(arrow to the left), while this is not true at 3%. For dwell time
delays, we see that a frequency of up to 20% is acceptable
(arrow to the right), but not 21%. The exact numbers here
are only intended as an example, based on a relatively small
sample, to illustrate the idea. But in this example, we would
advise that the operator in question should aim at consistently
keeping the frequencies of run- and dwell time delays at
or below 2% and 20%, respectively, to achieve the desired
punctuality of 95%.

IV. DEMONSTRATION OF THE METHOD IN A CASE
STUDY
A. DATA AND CASE DESCRIPTION
To demonstrate the application of the indicators discussed
above, we use a large dataset of commuter train operations.
Our data covers the years of 2001-2020 across the three

FIGURE 7. Daily variations in frequency of run and dwell time delays along with
punctuality, sorted based on punctuality. Data from commuter train operations for the
years of 2001-2020 across the three metropolitan regions in Sweden: Stockholm,
Gothenburg, and Malmö.

metropolitan regions in Sweden: Stockholm, Gothenburg,
and Malmö. In total, this contains 63 million observations
of train movements. In detail, there are about 3.4 million
unique train runs across 3,290 days, with an average of
1024 per day, and an average of 19 observations made per
train run. These data include scheduled and actual departure
and arrival times at stations (including technical stations).
Our analysis will both cover the pooled dataset and discuss
regional differences. The latter is to demonstrate how con-
ditions vary across different railways, and the importance
of basing analyses on context-specific data. In the analysis
below, we have aggregated the data so that every observa-
tion corresponds to a day. This is well aligned with how
operators currently track punctuality, and only requires the
additional calculation of the Level 3 indicators, which can
easily be automated.

B. RELATIONSHIP BETWEEN LEVEL 2 AND
3 INDICATORS
We begin with the pooled data, which is more gener-
ally applicable and gives a good overview of commuter
train operations in Sweden’s three metropolitan regions.
Fig. 7 shows punctuality (a Level 2 indicator) and the
frequency of run- and dwell time delays (two Level 3 indi-
cators), sorted by punctuality. We can see that run- and
dwell time delays are positively correlated, and that these
are negatively correlated with punctuality, although there can
be substantial volatility in each indicator for each level of
punctuality.
Fig. 8 instead groups the data based on the Level 3 indica-

tors (just as Fig. 5 did) and displays the average punctuality
at each point. This is a much cleaner way to illustrate the
relationships and makes it easy to set target levels. In each
of these three figures we see that dwell time delays are much
more frequent than runtime delays, but that punctuality seems
more sensitive to variations in runtime delays. These are on
the pooled data, however, so some caution is warranted when
applying these to specific operational contexts.
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FIGURE 8. Punctuality as a function of frequency of run and dwell time delays
respectively. Data from commuter train operations for the years of 2001-2020 across
the three major metropolitan regions in Sweden.

C. REGIONAL DIFFERENCES
Fig. 9 gives an overview of delay frequencies (level 3 indica-
tors) and punctuality (level 2 indicators) for commuter trains
in the three metropolitan regions of Stockholm, Gothenburg,
and Malmö. A quick glance reveals that each region struggles
with quite different challenges.
Stockholm (pictured in Fig. 9, top) comes out in the

middle in terms of punctuality, with an average of 92%,
but it has the largest day-to-day variation with the most
frequent and severe dips. It has the lowest level of run-
time delays (2%) and struggles mostly with dwell time
delays (which happen in about 24% of cases). Gothenburg
(Fig. 9, center) serves as a reminder that there is a
complex interplay between the processes that result in punc-
tuality: it has more runtime delays (7% of cases) than
Stockholm, and even more problems with dwell time delays
(36% of stops), but still has the highest punctuality at
about 93%.
This is possible because trains in Gothenburg have more

margins and are, therefore, in a better position to recover any
delays that arise. The cost of this is that time and capacity
is wasted when delays do not arise, and that trains often
operate ahead of schedule (which can be captured by other
Level 3 indicators). Commuter trains in the region around
Malmö are the least punctual of the three regions, at 89%.
Fig. 9, bottom, shows that these trains are also different
from the others in that runtime and dwell time delays are
just as likely to occur, at an average of 17%. The frequency
of dwell time delays is the lowest across the three regions,
i.e., fewer trains are delayed at stops around Malmö than in
the other cities.
These differences highlight the importance of analyzing a

particular railway based on its own circumstances and chal-
lenges, these often vary substantially from place to place.
They also help show what is possible. If it is possible to
only have a 2% risk of runtime delays in Stockholm, it

FIGURE 9. Distribution of runtime delays, dwell time delays and punctuality in
Stockholm (top), Gothenburg (middle), and Malmö (bottom). Days sorted by
punctuality in descending order. Data covers commuter trains in the regions, between
2001 and 2020.

should be possible to lower that risk substantially in the
other regions as well. Operators in Stockholm can perhaps,
on the other hand, also learn from those in Malmö regard-
ing dwell times. As we see in that region, there is no law
that dwell time delays must be more frequent than runtime
delays.
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FIGURE 10. Target levels (green arrows) for Level 3 indicators in the pooled data
covering all three Swedish metropolitan regions.

D. TARGET LEVELS
To illustrate the target levels for the frequency of run- and
dwell time delays that we find in the studied data, we first
use the pooled data, and then follow with each of the three
regions separately. Figs. 10–11 illustrate how punctuality
varies with these indicators, and contains vertical arrows to
indicate the target levels, or thresholds, which are acceptable
for punctuality to reach the desired level of 95%. Fig. 10 indi-
cates that if punctuality is to reach or exceed 95% across
the three regions, then at most 7% of runtimes and 21% of
dwell times can be delayed.
Circumstances vary by region, however. Fig. 11, top,

shows that commuter trains in Stockholm need to be stricter
than average with runtime delays and should instead target a
level of at most 2%, while the required maximum frequency
of dwell time delays is the same as in the pooled data, at
21%. Fig. 11, center, shows that a target for runtime delays
in Gothenburg is 7%. As we saw in the previous section,
both these levels happen to correspond to the historical aver-
ages. The main challenge in both regions is instead to reduce
the frequency of dwell time delays: in Stockholm from an
average of 24% to 21% or less, and in Gothenburg from 36%
to 19% or less. The case is different in the Malmö-region.
Fig. 11, bottom, indicates that at most 11% of runtimes and
14% of dwell times can be delayed if punctuality there is to
reach or exceed 95%. Both levels are lower than the average
of 17% shown in Fig. 9, so the operator in Malmö would
need to address both run- and dwell time delays. Unlike in
the two other regions, the gap is thus larger for runtimes
than dwell times.

E. EFFICIENT FRONTIERS BETWEEN INDICATORS
As we have seen, railways in each of the three regions above
have different combinations of targets. This reinforces that
one needs to take local circumstances into account when
giving recommendations. It also shows that there are sev-
eral ways to achieve the same target, in this case of 95%
punctuality: if there is more of one type of delay, there must

FIGURE 11. Target levels (green arrows) for Level 3 indicators when looking at
Stockholm, Gothenburg, and Malmö data separately.

be less of the other, or punctuality will suffer. This is illus-
trated in Fig. 12, by plotting the three sets of suggested
target levels above, with the frequency of run time delays
on the horizontal axis, and dwell time delays on the vertical
axis.
Together, these recommendations form a sort of efficient

frontier between the two indicators. We have also added cor-
responding levels for 94% and 96% punctuality, for higher
levels there is insufficient data, and we would have to extrap-
olate. In all cases captured in Fig. 12, a given reduction in
the frequency of runtime delays seems to go further (on
the order of about 40%) in terms of improving punctual-
ity than the corresponding reduction of dwell time delays.
On the other hand, dwell time delays are typically (but not
always) more common. Which approach is more promising
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FIGURE 12. Interconnection between frequency of dwell time delays and frequency
of runtime delays in reaching different punctuality levels.

will depend on local circumstances and will change over
time.
The aim of this paper is not to provide a comprehensive

list of measures to reduce the frequency of delays, or to
compile evidence for such measures. Still, some examples
of how to reduce delays can be enlightening. For runtime
delays measures include more targeted maintenance of crit-
ical infrastructure components, homogenizing the speed of
trains in critical sections, and development of driver advisory
systems. For dwell time delays, example measures might
instead include platform markings indicating where passen-
gers should stand, more appropriate scheduling of dwell
times, and a clear policy to depart precisely on time rather
than waiting for late passengers.
Fig. 12 could be extended by adding observations and

target levels from railways in other regions, or from other
operators, and to other sets of indicators, to get an even
better picture of what is required to reach a certain level of
punctuality. The same could also be done with another Level
2 indicator, such as passenger punctuality, or punctuality
measures defined in other ways (i.e., including intermediate
stops or different delay thresholds), and so on. In principle
more variables can be considered simultaneously, but an
obvious problem is that the number of dimensions makes
it difficult to visualize and interpret the results. We believe
that it is more practical to consider each of the trade-offs in
pairs, as we have done here.

V. CONCLUSION
In this paper we have investigated how the train punctuality
improvement work can be taken one step further to close in
on punctuality goals set by the railway industry. While sub-
stantial efforts have been made to systematize quality work in
the railway sector, previous quality work has struggled with a
loose connection between the overarching goals (such as high
punctuality and customer satisfaction), what has been mea-
sured (such as the number of delay hours due to infrastructure
failures), and what has been done (such as increased mainte-
nance spending). This loose connection has made it difficult
to identify and evaluate concrete improvement efforts.

To tackle this issue, we propose a new four-level frame-
work for indicators relevant for punctuality improvement
work. A new third level of indicators measuring the differ-
ent parts of train operation, such as the frequency of run-
and dwell time delays, is intended to bridge the gap between
punctuality (for both trains and passengers) and influencing
factors (such as quality of infrastructure, rolling stock and
timetables, weather, etc.). Using 20 years of operational data
from commuter trains in the three large metropolitan areas
of Sweden (Stockholm, Gothenburg, and Malmö), we show
that there is a clear link between two such indicators, the
frequency of run and dwell time delays, and punctuality. We
also demonstrate how a railway can use such operational data
to identify target levels for these indicators, which must be
met if it is to achieve a desired level of punctuality. Finally,
we have shown how efficient frontiers between indicators can
be estimated, so that railway operators might make informed
trade-offs when they set their target levels.
The methods and indicators proposed in this paper are

simple and use data that is already collected by railway
operators on a daily basis, so that they are easy to imple-
ment in practice. If implemented, they should provide a better
way to identify and evaluate punctuality improvement efforts
and help the already systematic work make faster progress.
In addition to improving punctuality, this framework can
also help identify instances where trains have unused mar-
gins, and ways in which to increase the capacity of the
network.
The focus of this paper has been on method development

for improved punctuality monitoring. The developed method
is applicable to many areas, not only commuter train punctu-
ality, for which the method was demonstrated in this paper.
Future work could apply the method also to punctuality mon-
itoring of long-distance rail and rail freight and investigate
if there are any principal differences compared to monitor-
ing of commuter train punctuality. We have also focused on
two of the 21 possible Level 3 indicators, future work can
investigate more of these, considering for instance the ability
to recover delays, and the ways in which trains come to be
ahead of schedule. Simply adding data from more railway
systems from across the world would also help create a better
picture of the efficient frontiers and trade-offs between dif-
ferent types of indicators (such as dwell- vs. runtime delays,
delays vs. margins, and so on), and what is required to reach
higher levels of punctuality.
Rather than arguing for any specific delay reduction mea-

sures, our hope with this paper is to facilitate an environment
where many small and hands-on improvement efforts can be
tried and evaluated in a constructive fashion. The expected
impact of any given measure on punctuality, as conven-
tionally measured, is naturally very small, often too small
to detect. The indicators proposed in this paper should
be better suited to detect such marginal improvements,
and thus encourage, rather than discourage, an atmosphere
of continuous experiments and improvements from the
bottom up.
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