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ABSTRACT

This study focused on the collisions between trains and pedestrian (i.e. trespassing accidents).
The aim was to investigate what kind of effect three different countermeasures — building a
fence, landscaping and prohibitive signs — have on the frequency of trespassing and the
characteristics of trespassing behaviour. Based on the results the implemented
countermeasures caused statistically significant decrease in the amount of trespassings.
However, the collected data did not cause any surprising changes to the profile of trespassers.
The majority of the crossings were still made alone and the persons trespassing were mostly
adults and men. Nevertheless, it was possible to notice that physical countermeasures
(landscaping and building a fence) have an effect on the characteristics of trespassers.
Whereas it is out of doubt that the countermeasures were effective, it is not possible to rank
them since the effect of different countermeasures is very positional. Due to the different
initial situations it is not possible to draw conclusions which of the countermeasures are in
general the most effective to prevent trespassing.
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1. INTRODUCTION

Rail transportation has been considered as the safest and the most efficient mode of transport
for a long time. When comparing the fatality risk for different modes (road-, rail-, water-, and
air) in the European Union Member States, the fatality risk among the modes is the smallest
in rail transport per travelled passenger km (ETSC, 1999). Furthermore, rail transport is one
of the safest forms of land transport if comparing the yearly number of fatalities among
different modes (BTRE, 2002). However, fatalities caused by rail accidents do occur and the
number of yearly fatalities caused by railway accidents (excluding suicides) for example in
Finland has been around 20 during the 21st century (Finnish Rail Administration, 2000—
2007). Among all deaths caused by railway accidents in Finland, train-pedestrian fatalities are
the principal cause for the accidents. Therefore this paper focuses on the collisions between
trains and pedestrians (i.e. trespassing accidents) since based on accident statistics and many
researches (see e.g. Silla and Luoma, 2008; Lobb, 2006; Lobb et al., 2003; Pelletier, 1997)
trespassing is one of the leading railway safety problems worldwide.

Trespassers are people who are on the railway area without a good cause. This means crossing
the railway lines at places which are not marked for that purpose or people who are walking
illegally and loitering in the railway area. More specifically this refers to using the railway as
a short cut or even to commit vandalism (Robinson, 2003). Based on the literature the main
reason for trespassing is taking a short cut (see e.g. Silla and Luoma, 2008; Lobb et al., 2001,
Rail Safety and Standards Board, 2007). According to the trespasser interviews made in
Finland the trespassers indicated that the route across the railway tracks is the shortest and the
fastest alternative. Many of them have used the route for many years, and according to them it
is easy to use because there are already clear paths across the railway lines. (Silla and Luoma,
2008).

Prevention of trespassing is challenging, because nearly all the people are possible trespassers
and the railway lines are full of possible places for trespassing. In Finland there are 5,794
kilometres of railway lines which are in use at the moment (Finnish Rail Administration,
2008). According to the previously made study by Silla and Luoma (2008) trespassing in
Finland seems to concentrate in urban areas where the population density is high and rail
traffic is dense. The problem with trespassing occurs especially in cities, which are divided
into two parts by the railway lines. The railway lines have always divided communities and
sometimes the separation has even become stronger during the years. This means quite often
that the new activities inside the city such as living areas, shopping places and schools have
been located to both sides of the railway lines generating bigger need for crossing the tracks.
As recognised by Nelson (2008) the division of communities generates a tension between the
railway authorities, who have the responsibility to ensure that the railway can be crossed
safely by restricting the points at which the public can cross the railway, and pedestrians who
wish to find the shortest route between two points. This creates the pressure to railway
authorities to gather knowledge concerning different possible measures to prevent trespassing.
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After recognising the problem, the question arises how the trespassing accidents and fatalities
can be prevented. According to Savage (2007) there is an increasing need to understand the
causes of trespassing and what can be done to reduce the annual number of fatalities. It has
been stated by many researchers (see e.g. Silla and Luoma, 2008; Savage, 2007; Rail Safety
and Standards Board, 2007; Law, 2004) that trespassing tends to be specific to a location, and
solutions should be tailored to specific locations and factors in order to make implemented
countermeasures effective. Therefore, the potential countermeasures should also vary
depending on the nature of the trespassers. As already recognised in the previous study by
Silla and Luoma (2008) it is clear that there is a need for collecting information on railway
trespassers as a basis for prevention. Without good understanding of the problem (e.g.
understanding the demographics of trespassers and their motivation for being on the tracks)
the risk remains that the allocated resources are wasted or the implemented measures may be
counterproductive (Savage, 2007).

Based on the literature there are several countermeasures that have been used to deter
trespass. Many authors (see e.g. Rail Safety and Standards Board, 2007) have suggested
interventions such as limitation of pedestrian access to railroad areas (using e.g. fences,
signage, attendance of station staff or security personnel and landscaping), prevention of
unsafe behaviour through public education, reward or punishment for safe and unsafe railway
crossing behaviour and using different technical solutions to prevent unsafe pedestrian
crossing behaviour (e.g. warning devices, close-circuit television (CCTV), CCTV linked with
audio announcements and/or motion detectors and cameras with motion detectors). However,
as already stated by Lobb (2006) there is little published research evaluating the efficacy of
any these interventions.

What makes the problem even more complex is that some of the measures are used in
combination with others. Lobb et al. (2001) for example combined public education and
access prevention whereas Lobb et al. (2003) introduced rail safety education in school,
continuous punishment and intermittent punishment. Therefore, it is difficult to say with
certainty whether a single measure on its own or a combination of several measures can
effectively prevent trespassing. However, the previous research (Rail Safety and Standards
Board, 2007) suggests that a multifaceted approach, using a mix of measures designed to be
directed at specific issues can be effective in discouraging access to the railway lines.
Moreover, it must be remembered that the validity of studies made in other countries can be
questioned since cross-national differences in railway systems design and operation might be
considerable (Radbo et al., 2005). In this study the same refers also to the characteristics of
trespassing behaviour, which can be assumed to have some variations between countries.

In the light of what has been mentioned before, much more research is needed to understand
the trespassing behaviour and to broaden the knowledge related to trespassing. In order to
counter the trespassing problem, some studies concerning railway trespassing have already
been initiated in Finland. The first study identified the sites of frequent trespassing on Finnish
railways, investigated trespassing behaviour and characteristics at selected sites, and explored
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opinions about possible countermeasures to prevent trespassing (Silla and Luoma, 2008). The
other study focused on the collection of the opinions on railway trespassing from people
living close to the railway line (Silla, 2008).

The aim of this paper is to investigate what kind of effect three different countermeasures —
building a fence, landscaping and prohibitive signs — have on the frequency of trespassing and
the characteristics of trespassing behaviour. This study continues the work with railway
trespassing in Finland and is partly based on the data from the first study (Silla and Luoma,
2008) to describe the situation in a phase before the countermeasures were built.

2. METHOD
2.1. Research location

All the research locations were selected from the city of Lappeenranta because an earlier
study (Silla and Luoma, 2008) showed that the area is very prone to trespassing since the
tracks divide the city into two parts. Specifically, there is a 4 km stretch of track, including 12
locations with frequent trespassing. The most suitable locations to be used in this research
were identified by preliminary site observations made in an earlier mentioned study by Silla
and Luoma (2008).

2.2. Countermeasures

Three different countermeasures — building a fence, landscaping and prohibitive sign - were
chosen in order to prevent trespassing. Each of the countermeasures was tested at one site.
The landscaping was made at the end of autumn 2006. The fences were built and prohibitive
sings were installed during week 19 in May 2007, which means a few weeks before the “after
phase” measurements.

2.3. Measurements

After the countermeasures were installed the trespassers at the selected sites were counted
with cameras equipped with motion detectors in a similar way as in an earlier study made by
Silla and Luoma (2008). The motion detectors covered the path used by trespassers, and
whenever movement was detected the camera took 15 digital pictures at intervals of 1 second.
The camera functioned independently and only required the batteries to be changed once a
week. Both measurements were taken in May (the “before phase” 2006 and the “after phase”
2007), allowing data to be collected almost around the clock due to the ambient lightness in
Finland at that time of year. Only a couple of hours at night were missed because of darkness.
In addition to counting trespassers, the characteristics of trespassers such as gender, age, the
number of people who were trespassing together and whether they carried something were
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classified and documented.

3. RESULTS
3.1. Trespasser counts

Trespassers at the three selected sites were counted with cameras equipped with motion
detectors. Table 1 shows the number of trespassers by location and date. In addition, the table
includes the information, which countermeasure had been installed at each site. The number
of trespassers is bold for days, when the camera was working 24 hours.

Table 1. Number of trespasses by location and date after the implemented countermeasures.
(x indicates the inoperability of the camera).

Location Total
Date 1 2 3
Landscaping Fencing Sign

0 2 45 47
Mon 14.05.2007 0 2 45 47
Tue 15.05.2007 0 X 41 41
Wed 16.05.2007 0 X 69 69
Thu 17.05.2007 X X 70 70
Fri 18.05.2007 X X 76 76
Sat 19.05.2007 X X 38 38
Sun 20.05.2007 X X 35 35
Mon 21.05.2007 X 6 41 47
Tue 22.05.2007 0 5 45 50
Wed 23.05.2007 10 0 36 46
Thu 24.05.2007 6 0 39 45
Fri 25.05.2007 0 2 60 62
Sat 26.05.2007 0 2 35 37
Sun 27.05.2007 0 2 63 65
Mon 28.05.2007 0 1 33 34
Tue 29.05.2007 0 3 50 53
Wed 30.05.2007 0 2 51 53
Thu 31.05.2007 0 0 39 39
Fri 01.06.2007 0 4 X 4
Sat 02.06.2007 2 1 X 3
Sun 03.06.2007 0 1 X 1
Total 18 31 866 915
Percentage 2% 3% 95% 100 %

In the “before phase” the measurements were conducted during 19 days and a total of 1,954
trespasses were detected. More than half of them occurred at location 3. During days when
the camera was working all the time, 70 daily trespasses occurred at location 3. The
corresponding numbers at location 1 and 2 were 18 and 34 trespasses, respectively. This
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amounts to roughly 40 daily trespasses by location on average. (Silla and Luoma, 2008). In
the “after phase” the measurements were conducted during 21 days and during that time the
camera registered 915 trespassers. The majority (95%) of the trespassers were identified in
location 3. During the days when camera was working all the time, on average 48 people were
trespassing daily on location 3. The corresponding numbers at location 1 and 2 were 2 and 1
trespassers.

Based on the both measurements all the installed countermeasures had an effect on the
frequency of trespassing. The differences in the amount of trespassing between the before and
after phase were statistically significant in all the sites (ANOVA, p<0.001).

Based on the data collected in the “before phase” (Silla and Luoma, 2008), trespassing was
most common between 11 a.m. and 7 p.m. The quietest phase was between 11 p.m. and 6
a.m., when only 2.3% of trespasses occurred. In the “after phase” the hour distribution stayed
more or less the same. In location 3 the trespassing seemed to concentrate more in the
afternoon and in the evening hours.

3.2.  Things the trespassers had with them

In the “before phase” most trespassers (55.3%) were trespassing without carrying or having
anything with them. However, 31.7% were carrying their bicycle, 11.3% were with their
dog(s), 1.6% were equipped with poles (i.e. Nordic walking) and a few trespassers were
trespassing with something else, like a pram or scooter. Furthermore, it was indicated that
there were some differences between the three locations concerning, what trespassers were
carrying. For example, most trespassers equipped with poles were found at location 1 where
there is a nearby outdoor route. Nevertheless, these differences did not lead to any obvious
conclusions, although they showed in general that local aspects may affect the characteristics
of trespassing. (Silla and Luoma, 2008).

Figure 1 shows the classification of trespassers by location both in before and after phase.

Location 1 before

Location 1 after O Nothing

B Bicycle

O Dog(s)

0O Nordic w alking
B Other

Location 2 before

Location 2 after

Location 3 before

Location 3 after

0% 20% 40% 60% 80% 100%
Share of the respondents (%)

Figure 1. The classification of trespassers by location both in the “before” and “after
phase .
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As can be seen from Figure 1 there are some differences what trespassers had with them in
the “before” and “after phase”. In general the difference occurred because the amount of
trespassers carrying nothing increased in all the sites. Specifically, this was possible to be
seen in location 1 and 2. In addition, the number of people trespassing with their bicycle or
dog(s) decreased. The number of people trespassing with their bicycle decreased especially in
location 1 and 2, since the trespass was more difficult due to the new physical
countermeasures. The share of the trespassers with poles also decreased except in location 2,
where the share was bigger compared to before phase, but the number was less than half from
the number in before phase. The differences between before and after phase were statistically
significant (3%, p<0.001). These results show that implemented countermeasures influenced
the characteristics of trespassers.

3.3.  Age distribution

The results in the “before phase” showed that approximately 10.1% of trespassers were
children (12 years or younger), 35.6% were youngsters (12 to 20 years) and 54.3% were
adults or elderly people. The majority of trespassers at all locations were adults. (Silla and
Luoma, 2008). The corresponding numbers in the “after phase” were 3.7%, 45.8% and 50.5%.
In addition, the majority of trespassers at all locations remained to be adults (as can be seen
from Figure 2).

2
5 1400
§ 1200
5 1000 O Adults
g 800 myY t
° 500 oungsters
; 400 O Children
2 200
e 20 = =
Z T T T T T

Location 1 Location 1 Location 2 Location 2 Location 3 Location 3

before after before after before after

Figure 2. Number of trespasses by age group and location in the “before” and “after phase .

Between the “before” and “after phase”, it was possible to see statistically significant
differences in age groups (x?, p<0.001). The difference occurs because the youngsters did not
decrease their trespass in similar way as children and adults did. Furthermore, it is possible
that some part of the change might be due to the subjective analysis of the data. Due to the
small amount of data locations 1 and 2 were not included in the statistical analysis.
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3.4. Aloneorinagroup

Overall, in the “before phase” 69.9% of the trespassers were alone and 23.2% of them were in
groups of two (Figure 3). Larger groups were very rare. In the “before phase” the share of
people trespassing alone was biggest in location 2 (83.0%). The biggest share of people
trespassing in groups was in location 1, where 39% were trespassing at least in a group of two
people. (Silla and Luoma, 2008).

I I I
Location 1 before 121 *I
Locaton 1 afte # 5
] | | O Alone

Location 2 before _ | Ai31 4] m Group of 2 people
Location 2 after 15 O Group of = 3 people
Location 3 before | 813 | 91
Location 3 after - ! 542 ! : 68
0% 20% 4OI% 60% 80I% 100%

Share of the respondents (%)

Figure 3. The group size of trespassers by location both in the “before” and “after phase ”.

In the “after phase” the biggest share of people trespassing alone was in location 3 (62.6%).
The biggest share of people trespassing in groups was again in location 1, where 94.4% were
trespassing at least in a group of two people. The biggest change in the group size occurred in
location 1.

Based on the collected data it was possible to notice statistically significant changes in the
group behaviour (5%, p<0.001). The change occurred for example due to the decrease of the
share of people trespassing alone. In the “before phase the share was 69.9% and in the “after
phase” 61%. Furthermore, it is worth to notice that in both in the “before” and “after phase”
the bigger groups were rare, because more than 90% of trespassers crossed the tracks alone or
in groups of two people. In the “before phase” the share was 93.1% and in the “after phase”
91.6%.

3.5. Gender

In the “before phase” the males were the biggest group (63.4%) trespassing in all the sites
(Figure 4). The share of males was biggest in location 1 (74.6%) and smallest in location 3
(61.8%). (Silla and Luoma, 2008).
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Figure 4. The gender of trespassers by location in the “before” and “after phase.”

After the countermeasures were built the share of men trespassing slightly increased (64.5 %).
The share of men was biggest in location 2 (67.7%) and the smallest in location 1 (38.9%).
However, the results from location 1 and 2 should be handled with care, because of the small
amount of data. Between the “before” and “after phase” it was not possible to see any
statistically significant differences in gender distribution (%, p>0.05).

3.6.  Direction of trespass

The direction of trespass was analysed by the hour of the day and by location. This was made
in order to find out if there is a possibility to have an influence on the routes the trespassers
are using and additionally to figure out if this information would be helpful when planning the
countermeasures. The direction of trespass by location in before phase is presented in Figure
5.
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Figure 5. The direction of trespass by location in the “before phase ”.

In the “before phase” there were no clear differences between different directions in location
1. Based on the data from location 2 it is possible to assume that in the mornings the
trespassers go towards the camera (west) and in the evenings trespassers are more frequently
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walking away from the camera (east). In location 3 more trespass happens towards the camera
than away. Specifically, this could be observed in the mornings.

In location 3 there were no clear changes in the direction of trespass between the “before” and
“after phase”. The direction of trespassing stayed similar as in the “before phase”. However,
the trespassing in the couple of first hours of the day increased slightly and the whole time
distribution moved slightly more to the later hours than in the “before phase”. Due to the
small amount of data in locations 1 and 2 they were not analysed by direction in the “after
phase”.

The number of trespassers to both directions stayed fairly steady in both the “before” and
“after phase”. Consequently, it was not possible to see any statistically significant differences
between the phases (y°, p>0.05).

4, DISCUSSION

The prevention of trespassing accidents and fatalities appears to be challenging, because
people who engage in this behaviour do so for a variety of reason (Sramek, 2008). This makes
it difficult to railway authorities to allocate the available resources in order to choose the
correct countermeasures to prevent trespassing. Therefore, the aim of this paper was to clarify
what kind of effect three different countermeasures have on the frequency of trespassing and
the characteristics of trespassing behaviour. And thus to help practitioners to increase their
knowledge related to trespassing behaviour.

The measurements in the “after phase” did not reveal any surprising changes to the profile of
trespassers compared to the measurements made in before phase. The majority of the
crossings were still made alone and the persons trespassing were mostly adults and men.
However, it was possible to notice some changes, when looking the things what trespassers
were carrying while trespassing. In general the difference occurred because the amount of
trespassers carrying nothing increased in all the sites. Furthermore, the number of people
trespassing with their bicycle decreased especially in locations 1 (landscaping) and 2
(building a fence), since the trespassing was more difficult because of the new physical
countermeasures. It must be noted that before the countermeasures were built, almost one
third of the trespassers were carrying their bicycle (Silla and Luoma, 2008). Additionally, in
the “after phase” in location 2 trespassers accompanied by their dog(s) disappeared and in
location 1 the trespassers were carrying anything with them anymore.

Consequently, it would be possible to conclude that physical countermeasures (landscaping
and building a fence) have an effect on the characteristics of trespassers, since on those sites
the share of trespassers carrying anything with them increased. The differences between the
“pefore” and “after phase” were statistically significant (x?, p<0.001).

During 19 days of measurement in the “before phase” a total of 1,954 trespasses were
detected. Based on the measurements in the before phase, approximately 120 persons were
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trespassing every day at the three research locations in Lappeenranta. (Silla and Luoma,
2008). In the “after phase” within 21 days a total of 915 trespassers were detected with
approximately a little over 50 persons trespassing every day at the three research locations.
The number of trespassers decreased at every site. The differences in the amount of
trespassing between before and after phase were statistically significant at all the sites
(ANOVA, p<0.001).

In conclusion, the implemented countermeasures turned out to be effective for reducing the
number of trespassings. However, the effect of different countermeasures is very positional
and due to the different initial situations (e.g. different number of trespassers in the “before
phase” and different location characteristics) it is not possible to draw conclusions which of
the countermeasures are in general the most effective to prevent trespassing.

Furthermore, it has to be taken into account that the conducted trespassers interviews in the
same research locations (Silla and Luoma, 2008) and the questionnaire survey directed to
people living close to railway lines in the city of Lappeenranta (Silla, 2008) after the “before
phase” might have contributed to public awareness of the illegality and dangerousness of
trespassing and therefore partly affected the amount of trespassings.

As already mentioned in an earlier study (Silla and Luoma, 2008), it must be noted that the
results from trespasser counts, concerning e.g. the age and hour distribution, might be biased
from the site selection criteria. Therefore, it is important to be careful when generalizing the
results outside the research sites. It must be also taken into account that the measurements in
the “after phase” were conducted only once, and in locations 2 and 3 only a few weeks after
the countermeasures were built. Thus, it is not possible to draw any conclusions concerning
the long term effects of the preventative measures. Furthermore, it must be noted that due to a
small probe even rather small changes in data can change the results significantly.
Nevertheless, the existing results give valuable contribution to the discussion concerning the
effect of different countermeasures to prevent railway trespassing.

As indicated in the introduction there exist many other countermeasures to prevent trespass in
addition to the measures implemented in this study. Therefore, a lot of research is still needed
to have comprehensive data on the effect of different measures on trespassing behaviour. It
must be also noted that in order to have comparable and representative results, the
characteristics of research locations and the characteristics of trespassers are important to be
taken into account when choosing the research locations.
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