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ABSTRACT

In this paper we propose a macroscopic model framework for departure delay prediction from railyards.
The railyard is a large area comprising three sub-yards (arrival, classification, departure). In fact, timely
operation at railyard is dependent on coordinated operations in these sub-yards. More importantly,
punctual functioning of railyards is crucial for increasing competitiveness of rail freight services
throughout the network. Despite previous models, we considered railyard congestion at the arrival yard,
time availability of each wagon at the classification yard, and time availability of locomotive at the
departure yard. The core part of this paper analyzes the effect of congestion at arrival yard on departure
delays. Punctuality data from two Swedish railyards for a seven-year period is used. The congestion is
defined as the number of arriving trains three hours before each departure. The results showed that the
highest number of delayed departures occur at congestion levels of 4-10, while correlation coefficient
is around zero. Analysing the whole dataset reveals that these congestion levels are common for all
departures not just the delayed ones. Therefore, we conclude that as three sub-yards are interrelated, a
comprehensive definition of congestion at railyard level is required. An elaborate definition of
congestion can make it a proper predictor for further delay prediction models.
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INTRODUCTION

Rail freight has an essential role in creating and maintaining logistic networks in Europe. European
Commission has set a target to increase from 18% to 30% of modal share for rail freight in 2030 [1]. In
Sweden, export-oriented industries, such as, iron ore and steel are highly dependent on rail freight.
Therefore, remaining competitive with other modes of transport while increasing the modal share for
rail requires improvement in efficiency and reliability of rail freight services.

One of the areas that can improve reliability of rail freight networks is railyards. Railyards
(referred as yards from now on in this paper) are large areas dedicated to arranging freight wagons. In
fact, wagons spend most of their time in yards, for example, reports from two main North American
railroads show that nearly 60% of wagon transit time was spent in yards [2], which might be the typical
figure for all Class I railroads in North America [3]. This shows that enhanced operation at yards can
significantly improve rail freight reliability.

A typical yard is comprised of three sub-yards called; arrival, classification, and departure. The
main function of yards is train make-up. The arrival yard receives trains from various origins. Then,
each arriving train is disassembled and wagons for different destinations are assigned for different tracks
at the classification yard. In the classification yard, wagons are classified based on their destination
forming departing trains. When a departing train is ready, a locomotive pulls it to the departure yard.
At the departure yard, trains are ready to be dispatched to the railway network whenever the
Infrastructure Manager permits them to leave.

The operation in the classification yard is the most labor-intensive one among the sub-yards
and it takes up most of the time in train make-up process. As a result, studies have focused enormously
on classification yard as the bottleneck of the yard. The main thinking in these studies is that improving
the bottleneck will enhance yard performance. While the yard is a system and the sub-yards are
interrelated and in constant interaction. In fact, optimizing the performance of the yard should be
through systematic and comprehensive view including all three sub-yards. The interaction between sub-
yards should be considered in train make-up processes because each sub-yard imposes various delays
on departing trains. Moreover, the interaction between yard and network is influential on yard
punctuality. In fact, understanding these interactions how they impact on timeliness of freight trains can
help us to estimate freight train delays and strive to minimize them. This can improve punctuality of
rail freight services in long run and decrease their negative effects on passenger trains. In our proposed
approach we try to take into account these interactions; firstly, we consider delays that might be imposed
on departing trains from all three sub-yards. Secondly, we assess the interaction between the yard and
the network by taking into account the actual arrival times of the trains and wagons.

In this paper, we propose a model framework for departure delay prediction from the yard
considering all three sub-yards. The main purpose of this paper is to present analysis on the interaction
between the arrival and departure yard. We analyze the relationship between the departure delays and
congestion at the arrival yard as the first step towards building our model.

The remainder of this paper is organized as follows. First section discusses the literature with
main findings and gaps in the previous studies. Second section introduces our proposed approach as a
macroscopic model framework for delay prediction. Third section is about our case study as well as the
data we used. In Fourth section the results are discussed. Finally a brief conclusion is presented.

LITERATURE REVIEW

Yards have an important role in reliable performance of rail freight networks. Previous studies have
mainly focused on optimizing operations at classification yard, such as, assignment of wagons to
classification tracks, and sorting/rearranging wagons. In fact, previous studies showed that classification
yard, as the critical part of a yard, can have direct impact on service reliability of the yard [4, 5, 6]. In
line with this, the sorting and rearranging the wagons problem in the classification yard has received
the highest attention [7]. There are two forms of sorting single-stage sorting and multistage sorting.
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Single-stage sorting refers to the situation where the number of tracks in the classification yard is
enough to make departing trains. This problem has been studied through various objective functions,
such as, minimization of “throughput costs”, minimization of dwell time [3] [8], minimization of the
number of used tracks [9].

Whereas, multistage sorting refers to the situation where the number of classification tracks is
less than the number of departing trains, so the cars need to be pulled back from the classification yard
to the arrival yard, hence, some tracks in the classification yard are allocated to pullback process and
called mixing tracks. The main objective function for this problem has been minimization of the number
of pull backs or expressed in another term “extra roll-ins” by an optimal track allocation at classification
yard [6, 10,11, 12].

One of the main drawbacks of sorting models, particularly multistage sorting models, is that
most of them don’t consider timetabled departure times of wagons, even if we try to optimize the yard
by minimizing the dwell time of wagons, each wagon is still restricted to leave the yard according to a
timetable. Therefore, future models should consider the scheduled departure time of the wagons in delay
estimation models. In fact, the yard is part of the railway network and is in constant interaction with the
railway network, as a result, departure delays from yards will affect other trains on the network.

Another drawback in the yard studies in general is that the arrival yard, the classification yard
and the departure yard have been regarded as single and separate entities. The interaction between the
three sub-yards hasn’t been fully considered. Except one study [5] that considers the yard as a whole
system and tries to improve yard performance based on lean manufacturing concepts and minimizing
dwell time of wagons to increase the yard efficiency. Otherwise, most of the studies have focused on
the classification yard as the bottleneck in the yard, while this approach has not helped to optimize the
whole yard performance substantially. Future studies should focus on studying all three sub-yards
simultaneously and analyze how they can affect and interact with each other.

PROPOSED APPROACH

In this paper we propose a macroscopic model framework for departure delay prediction of the
yards[13]. The actual departure time depends on punctual operations of all of the three sub-yards.
Different operations can cause departure delay not to the same extent. The ideal way would be to
encompass all the factors that engender delays. However, it’s not possible to gather data for all the
factors or it would be hard to implement such a model computationally. Therefore, we chose three main
factors from each sub-yard that impact departure delay significantly. This approach enables us to
simplify the problem and build a macroscopic model.

The model has three components each representing one sub-yard; the component for the arrival
yard is the congestion in terms of the number of arriving trains that are present in the yard three hours
before the departure. The component for the classification yard is the arrival time of each wagon, and
for the departure yard the delay in the arrival time of the locomotive has been considered.

The mathematical formulation for departure delay prediction is based on the following
mathematical expressions. The function in (1) predicts the actual departure time. The delay is calculated
as the difference between the scheduled and the actual departure time in (2), the notation can be found
on Table 1.

th=a(ti—Ty)+ 2 Bi(th —Ty) + y#(th — Ts < t&" < ¢fh) 1)
i

_ +A tt
Op =1tp — ty (2)
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TABLE 1 Notation
Parameter Description

th the actual departure time of train b
th the arrival time of the locomotive
th the arrival time of wagon i
tif the timetabled departure of train b
Jti the number of trains in the arrival yard when train i arrives the yard
14 Waiting time in the arrival yard per train (time/train)
a, Bi Correlation coefficients
b Total number of departing trains in a specific time-span
Sp The difference between the actual departure time of train b and the timetabled

departure of train b
Ty, T,,T3 Buffer Times

CASE STUDY

We intend to use empirical data from two main yards (Hallsberg and Malmd) in Sweden (See Figure
1). These two yards are suitable representative yards in Europe. The Hallsberg yard is a large yard with
a conventional yard layout, and Malmo yard is a congested yard that connects Swedish Railways to the
rest of European rail network.

In Sweden, the infrastructure manager is responsible for the arrival and departure yards, and
the yard operator manages the classification yard. Hence, the databases related to each sub-yard are
different and have different owners (infrastructure manager and yard operator). This makes the progress
of the modelling rather difficult and we need to move forward step by step in the modelling process.

In this paper, we aim to evaluate the first component of the model which is the impact of
congestion on the departure delay. The data to evaluate this is Swedish Railways’ database for
punctuality and disruptions. This database contains train information, such as, train number, train type,
train path, scheduled/actual departure and arrival.

In order to analyse departure deviations from Hallsberg and Malmd, we used train information
that belongs to 2010-12-12 to 2017-12-09 timespan. This time period encompass around 255 000
departures from Malmo and Hallsberg in total.

We selected two main variables for the analysis; 1) departure delay: the difference between
actual departure time and scheduled departure time from the yard, 2) yard congestion: the number of
arriving trains three hours before each departure. Three hours was chosen because it takes around three
hours for a departing train to be prepared for departure. In fact, when the arrival yard is congested, the
yard operator is involved with handling the cars between the arrival and classification. As a result,
departure delay might occur.

According to the Swedish Transport Administration, trains are on time if they arrive or depart
up to 5 minutes later than their scheduled time. Any deviation beyond this is late and ahead of this is
early. Additionally, freight trains with delays more than 12 hours are due to exceptional causes and are
removed from our database. The trains for which the actual arrival/departure time wasn’t recorded were
also removed from our analysis as well as the cancelled trains.
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FIGURE 1 the Location of the case study ad yard layouts

RESULTS

In this section, we present the results of analysing the relationship between arrival yard congestion and
departure delays in Figure 2 and Figure 3. The X axis represents the congestion as the number of arriving
trains three hours before each departure. Three hours is the average time that it takes for preparing a
departing train. We assume that congestion at yard can have an effect on departing trains. The Y axis
represents the number of delayed departures in (a) and all departures in (b) and (¢) over the year.

First, we analyse Malmé yard (Figure 3 (a)). The highest number of departure delays occur
when congestion at the arrival yard is around 4-10 (the number is slightly different from year to year,
but the trend is fairly the same for all years in our dataset, however, we show 2016 and 2017 as an
example). As the operators claim, a viable explanation can be the yard layout; at Malmo yard arrival
and departure yards are the same. As a result, when the yard operator is occupied with handling the
arriving trains, it will have difficulty to dispatch departing trains on time. However, it’s also important
to test whether this level of congestion at yard is common for all departures, not just the delayed ones.
Therefore, we depicted the number of all departures versus congestion levels at Figure 3 (b). We can
see that 4 to10 is a common congestion level at Malmé yard. At this level of congestion, we have the
highest number of departures in total. Figure 3 (c) shows that there is a relative distribution between
delayed (27%), on time (12%) and early (60%) departures for congestion level from 4 to 10. This shows
that we can not conclude firmly the relationship between departure delay and congestion at the arrival
yard. Further analysis showed a Pearson correlation coefficient of -0.02 which confirms that there is no
correlation between these two parameters.

We observed similar results for Hallsberg as well. An extract of the results of 2016 is shown
on Figure 4. Likewise, the highest number of delays occurred when the congestion level was from 4 to
9 (Figure 4 (a)). In Figure 4 (b), we can see that distribution between delayed (21%), on time (10%) and
early (69%) departures is fairly the same throughout these congestion levels. The Pearson correlation is
-0.05 which validates lack of correlation.

To sum up, the selected parameter lacks a full representation of congestion at arrival yard. One
drawback might be that congestion should be calculated at the yard level not just at the arrival yard
level. If so, we need to elaborate congestion with these variables; the initial number of trains at the
arrival yard, the number of trains being classified at the classification yard, and the number of trains
ready at the departure yard. So far, a limitation to consider these variables is the difficulty to retrieve
data; different databases need to be linked to give a proper estimation of them. Another variable that
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can be added in congestion estimation is track occupancy at sub-yard levels. Currently, we are working
on elaborating congestion parameter by these variables.
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FIGURE 3 the relationship between yard congestion and departure delays for Malmo yard



Minbashi, Bohlin, Kordnejad 8

2016
800
700

600

400

300

200

100 I I

. | 1 B - -
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

15 16 17 18 19

The number of delayed departures

Congestion

FIGURE 4 (a)

2016

1""%I---------------I--I*-

80%

60%
D 76% 2% 7s% 73% T2% 69% 67% 68% 72% 68% 7oy, 69% 65% 71% g0, 72% 5% 71% A%
83%

64% 100% 1Q8b%

40%

PR ERASRRRRERARRRRRRRRY

9 10 11 12 13 14 15 16 17 18 19 20 21 22

The number of departures

X

Congestion
H Delay Early ®OnTime

FIGURE 4 (b)
FIGURE 4 the relationship between yard congestion and departure delays Hallsberg yard

CONCLUSION

In this paper we introduced a model framework for departure delay prediction at yards. In spite of
previous models, we considered yard congestion at the arrival yard, time availability of each wagon at
the classification yard, and time availability of locomotive at the departure yard. We evaluated the effect
of congestion using a seven-year period data from two main yards in Sweden (Malmé and Hallsberg).
We defined congestion as the number of arriving trains three hours before each departure. The results
showed that the highest number of delayed departure occur at congestion levels of 6-10 (Malmd) and
4-9 (Hallsberg). However, correlation coefficient was around zero. To confirm this, we analysed the
whole dataset which revealed that these congestion levels are common for all departures. We conclude
that current definition of congestion needs to be elaborated. It could be extended by calculating
congestion at yard level not just the arrival yard. Future work is required to investigate this which is
also a part of our current research.
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