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Abstract

Purpose Rail level crossing removals to improve transport performance across metropolitan Melbourne (state of Victoria)
resulted in new rail fencing and grade-separation of tracks from the surrounding environment at several sites. These design
changes restricted pedestrian access to the rail tracks, which is a countermeasure known to prevent railway suicide in other
settings. We examined whether any such suicide prevention effect followed the removals.

Methods We used a multiple-arm pre-post design to test whether a decrease in monthly frequency of railway suicides
occurred at level crossing removal sites (intervention sites), compared to randomly matched sites where level crossings had
not yet been removed (control sites). We used data available in the Victorian Suicide Register covering the period 1st Janu-
ary 2008 to 30th June 2021.

Results The mean monthly number of railway suicides decreased by 68% within a 500 m radius of intervention sites (RR:
0.32; C195% 0.11-0.74) and by 61% within a 1000 m radius of intervention sites (RR: 0.39; CI 95% 0.21-0.68). There was
no evidence that the mean monthly number of railway suicides changed at the control sites, either within a 500 m radius
(RR: 0.88; C195% 0.47-1.56) or a 1000 m radius (RR: 0.82; CI1 95% 0.52-1.26).

Conclusion The reduction in railway suicides at locations where level crossings were removed, demonstrates the suicide
prevention benefits that can be derived from a major infrastructure project even if not initially intended. Planning for major
infrastructure projects should include consideration of these benefits, with designs incorporating features to maximise suicide
prevention impact.
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Introduction

Railway suicide accounts for an estimated 1-12% of all
suicides internationally [1]. While all suicides are concern-
ing and warrant prevention efforts, railway suicides are of
particular concern because they occur at public sites and
are therefore often witnessed by people who are working at
or using the rail network, or those or who are simply near
to the railway when an incident occurs. Train drivers can
experience severe psychological consequences (e.g., acute
stress reactions and PTSD) after being involved in a railway
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suicide [2—4]. Preventing suicide attempts in the rail envi-
ronment is also a high priority as attempts commonly result
in serious injury [5], have a high case-fatality rate [6], and
have substantial financial implications including through
having major effects on the normal operation of the railway
system [7, 8].

Restricting access to means is one intervention that has
been shown to be effective in preventing suicides at public
places in general [9-11], and also in the rail environment
[7, 12—15]. Restricting access to means is thought to be
effective because it interrupts the suicidal process, giving
the individual time to rethink their actions and/or allow-
ing others to intervene [16]. An example of an interven-
tion to reduce access to means in the rail environment
is the installation of platform screen doors which open
only when a train stops at the station, therefore preventing
individuals from accessing the track. Research in Hong
Kong [12, 13] Seoul [15], Tokyo [14] and Shanghai [7]
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has consistently identified large reductions in railway sui-
cide after the installation of platform screen doors (range
60-91%).

Australia has high railway suicide rates when compared
with other countries [17] and the state of Victoria accounts
for 46% of Australian suicides resulting from jumping or
lying before a moving object [18] (mostly trains) [19].
This is despite the fact that Victoria accounts for just 26%
of the population and 22% of Australian suicides overall
[18]. It is estimated that most of the railway network is
unfenced in Victoria, and consequently, close to 70% of
railway suicides take place on open tracks, including 11%
at level crossings [20].

Level crossings occur where the road (and often foot-
paths) intersect with the rail track. Removing level cross-
ings, either by lowering railway tracks under roads or by
building new rail bridges or sections of track over roads,
might act as one way of restricting access to means of
suicides at these level crossing sites. We were able to test
the effectiveness of this as a strategy by capitalising on the
Level Crossing Removal Project which was established by
the Victorian Government in 2015 to oversee the removal
of 85 level crossings across metropolitan Melbourne by
2025. The crossings are being removed with the aim of
reducing traffic congestion, improving travel time reli-
ability, increasing capacity to run more trains on the net-
work and improving safety [21]. The last aim of improving
safety may have specific benefits for suicide prevention
because it involves removing the danger of trains sharing a
crossing with vehicles and pedestrians who may be on the
track. We used real-time suicide data to determine whether
the incidence of railway suicides changed at sites where
level crossings were removed.

Methods
Study design

We used a multiple-arm pre-post design to test whether the
removal of level crossings was associated with a decrease
in railway suicides within a 500 m radius and 1000 m
radius of the level crossing removal sites. We identified
sites where level crossings had been removed (interven-
tion sites) and randomly matched these to sites where level
crossings had not yet been removed (control sites). For
each intervention and control site pair, we compared the
number of railway suicides per month before and after the
period that the crossing was removed at the intervention
site, by calculating rate ratios. The observation period cov-
ered by the study was Ist January 2008 to 30th June 2021.
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Data sources

We obtained data for this study from two main sources: the
Victorian Level Crossing Removal Project official website
(https://levelcrossings.vic.gov.au/) and the Victorian Suicide
Register (VSR).

We searched the Victorian Level Crossing Removal Pro-
ject official website for all level crossing removals that had
occurred prior to 31st December 2020. We identified 41 sites
where the level crossings had been removed and we used infor-
mation on the website to determine the start and finish dates
for each removal. If these dates were not clearly provided, we
gathered this information through internet searches (e.g., news
media articles). We then randomly matched these 41 interven-
tion sites to 41 control sites where the level crossings were
due to be removed but had not yet been removed (as of 30th
June 2021).

We used the VSR to obtain data on railway suicides occur-
ring near to the intervention and control sites. The VSR was
established by the Coroners Court of Victoria (‘the Court’).
In Victoria all deaths from suspected non-natural causes are
required to be reported to the Court for investigation. Trained
coders review what is known about the circumstances of
each death upon initial report, to identify suspected suicides;
these are added to the VSR [22]. Factors considered in the
review process include mechanism of death, evidence of sui-
cidal intent, stressors the deceased was experiencing, and the
likelihood of alternate scenarios to explain how and why the
death occurred. The deaths included as suicides in the VSR
are regularly reviewed as coroners’ investigations progress
and more is known about them; deaths may be removed if
deemed not to be suicides, or may be added if new evidence
suggests they were wrongly excluded on initial review [23].
The VSR contains basic coded information for every suspected
suicide reported to the Court since 1st January 2000, including
data of fatal incident; deceased sex, age, country of birth and
location of usual residence; location (including latitude and
longitude) of the fatal incident; and suicide method. We used
the longitude and latitude data to identify all railway suicides
occurring within a 500 m radius and a 1000 m radius of the
intervention and control sites from 1st January 2008 to 30th
June 2021. Railway suicides that occurred during the period
of the removal of the crossings were excluded from analysis,
so that the pre-period used for analysis included full months
prior to any level crossing removal work beginning and the
post-period included full months covering the period when
the work had concluded.

Analysis

We calculated rate ratios for the 41 intervention sites at
which the level crossing had been removed and the 41
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control sites where the level crossing was yet to removed.
The rate ratio (RR) compared railway suicide in the pre- and
post-intervention periods for control and intervention sites.
We did this for railway suicides within a 500 m radius of
the level crossing site and 1000 m radius of the level cross-
ing site. To test whether the rate ratio for the intervention
sites was different from the rate ratio for the control sites we
used a Poisson regression model which included variables
for control vs. intervention site, pre- vs. post-period and the
interaction between these two. We also included the cor-
responding duration of these time periods as an offset term.

Ethics

The study was reviewed and approved by the University of
Melbourne’s Human Research Ethics Committee (Reference
Number: 2021-22015-21133-3).

Results

Between 1st January 2008 and 30th June 2021, we identified
139 railway suicides that occurred within a 500 m radius
of an intervention or control level crossing site, and 266
railway suicides that occurred within a 1000 m radius of an
intervention or control level crossing site (Table 1). During
the period prior to any level crossing removals, there was no
evidence of a difference in the number of railway suicides
occurring within a 500 m or 1000 m radius of intervention
sites when compared to control sites (500 m: RR=1.05, 95%
CI 0.72 to 1.53, p=0.78; 1000 m: RR=1.05, 95% CI 0.80
to 1.38, p=0.68).

We found evidence that the number of railway suicides
within 500 m radius of a level crossing decreased by 68%

after removal of the level crossing (RR: 0.32; CI 95%
0.11-0.74). In contrast, we found no evidence that the num-
ber of railway suicides changed at the control sites (RR:
0.88; CI 95% 0.47-1.56). Considering these two findings
together, the number of railway suicides within a 500 m
radius of sites was 64% lower in the post-intervention period
at the sites where level crossings were removed than at the
control sites (RR: 0.36; CI1 95% 0.13-0.97, p=0.044).

Results were very similar when we examined railway
suicides within a 1000 m radius of a level crossing; railway
suicides decreased by 61% after removal of the level cross-
ing (RR: 0.39; C1 95% 0.21-0.68) and there was no evidence
that the number of railway suicides changed at the control
sites (RR: 0.82; CI 95% 0.52—1.26). In this case, the number
of railway suicides within a 1000 m radius of sites, was 53%
lower in the post-intervention period at the level crossing
removal sites than at the control sites (RR: 0.47; CI 95%
0.24-0.95, p=0.035).

Discussion

We examined the effectiveness of removing level crossings
as a railway suicide prevention measure. Through analysis
of real-time suicide surveillance data in Victoria, we found
good evidence of a reduction in railway suicides within a
500 m radius and 1000 m radius of level crossing removal
sites (68% and 61% decrease in the number of suicides,
respectively). In contrast, there was no evidence of a change
in the number of railway suicides at the control sites, either
within a 500 m radius or within a 1000 m radius of the sites.

At many of the intervention sites in our study, the level
crossing removals resulted in the railway track becoming
completely inaccessible to pedestrians and car drivers,

Table 1 Number of railway suicides occurring within a 500 m and 1000 m radius of intervention and control sites and rate ratios (RR) compar-
ing the pre- and post-intervention periods, Victoria, January 2008 to June 2021

Pre-period
(Total 4724 months)

Post-period
(Total 1472 months)

Number of rail-
way suicides

Railway suicide
rate (per month)

Number of rail-
way suicides

Railway suicide RR (95% CI)

rate (per month)

500 m radius of site

0.013 6
0.012 16
Ratio comparing intervention to control sites (500 m radius)

1000 m radius of site

e Intervention sites 60
e Control sites 57

e Intervention sites 115 0.024 14
e Control sites 109 0.023 28
Ratio comparing intervention to control sites (1000 m radius)

0.004 0.32(0.11, 0.74) p=0.003*%
0.011 0.88 (0.47, 1.56) p=0.725
0.36 (0.13, 0.97) p=0.044*%*
0.010 0.39(0.21, 0.68) p=0.001%*
0.020 0.82(0.52, 1.26) p=0.360
0.47 (0.24, 0.95) p=0.035%%*

*Significant decrease

**Significant difference between the two incident rate ratios
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because long sections of railway track were grade-separated
from the surrounding environment (either raised above
ground or lowered underground). Further to this, authori-
ties typically installed safety fences while the work was
taking place and at many sites some fencing remained in
place following completion. For these reasons it is perhaps
unsurprising that we found railways suicides reduced within
500 m radius of the level crossing sites: the fencing and
grade separation acted to reduce access to the track. Reduc-
ing access to means is a suicide prevention intervention with
a substantial amount of supportive evidence. In rail settings,
it has already been shown effective through the installation
of screen doors on train platforms [12—14].

However, the fact that we observed a reduction in railway
suicides within a 1000 m radius of the site (i.e., effectively
two kilometres of track) suggests the effect may not be con-
fined to the immediate location where level crossings were
removed. Research with people with a lived experience of
suicide attempt/s on the railway has identified the perceived
lethality of these attempts and the ease of access to tracks
as key reasons for using the railway as the location and the
method of a suicide attempt [24]. Perhaps, by reducing
access at some sites along the network, this may have made
surrounding track lengths also appear safer, and could have
deterred individuals from attempting suicide at other nearby
sites on the railway network.

Although we were unable to examine the potential dis-
placement effects of individuals moving to another location
on the railway, or substitution effects of individuals using
other suicide methods, existing evidence suggests that when
access to means is reduced, there is relatively minimal
displacement of suicides to a different location where the
same method is typically used [25, 26]. Also, individuals
are unlikely to substitute or change suicide method if their
“preferred” method is unavailable [27], or if they do, they
often use less lethal methods [28, 29] which would presum-
ably be especially true given the lethality of railway suicide
attempts. In our study we found no evidence of an increase
in suicides at the control sites where the level crossings were
yet to be removed. Many of the control sites were near to the
level crossing removal sites, which could potentially provide
some reassurance that people are at least not moving to other
nearby level crossing sites on the rail network to attempt
suicide.

Strengths and limitations

Our study is to our knowledge the first to investigate the
impact of level crossing removals on railway suicide. We
used real-time surveillance data which allowed us to meas-
ure this impact even as the Level Crossing Removal Project
was still underway. Another strength of the study is that we
used accurate, manually assigned, geocoded suicide location
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data rather than relying on data based on auto-geocoding
processes which are known to be inaccurate, especially for
non-residential addresses which are often erroneously geo-
coded to centralised fall-back locations [30].

This study has provided useful information regarding
the suicide prevention potential for level crossing removals
and other similar infrastructure projects which may restrict
access to rail tracks. However, it has some limitations. Data
regarding the exact dates associated with the removal of
level crossings were not always readily available so some
assumptions had to be made using data gathered from other
sources such as newspaper articles. However, we are confi-
dent that our pre period included only full calendar months
prior to the removal work beginning and that our post period
included only full calendar months following the completion
of the removal work.

We were unable to demonstrate whether the current level
crossing removals have had an impact on overall railway sui-
cide numbers in Victoria as we completed this study when
fewer than half of the planned level crossing removals had
taken place. Future research should revisit this analysis as
more level crossings are removed as there is the possibility
that progressively making the railway network safer through
additional level crossing removals may eventually influence
railway suicide numbers overall, which, along with overall
suicide rates, have remaining fairly stable in Victoria over
recent years [18].

Multiple studies regarding railway suicide have shown
that using half-height platform screen doors (which do not
extend to the ceiling of the platform and therefore do not
fully restrict access to the railway track) is a less effective
suicide prevention measure than using screens that extend
to the ceiling [7, 14, 15]. The superior results of interven-
tions that completely, rather than partially, restrict access to
means, has also been demonstrated in other public places
where other methods of suicide, such as jumping from a
height, are common [31]. We did not examine whether there
were differences in the suicide prevention effect of remov-
ing level crossings depending on whether the track has been
made completely inaccessible (i.e., through raising the track
above the ground or lowering it underground, or through the
inclusion of fencing to prevent access to the track) but this
should be a focus of future research.

Implications and conclusion

Major transport infrastructure initiatives are very expensive;
in 2018 Melbourne’s Level Crossing Removal Program car-
ried a total estimated cost of AUD$14.8 billion [32]. While
suicide prevention may not be an explicit goal of such ini-
tiatives, this study demonstrates how a substantial reduc-
tion in suicides on the transport infrastructure may result.
For example, in the year before any level crossings were



Social Psychiatry and Psychiatric Epidemiology

removed, 16 railway suicides occurred within 500 m of a
level crossing across the Victorian network. If we assume
all crossings were removed at once, and we expect a 68%
reduction as we saw at intervention sites, we could expect 55
lives to be saved over the following five years. Although in
Australia level crossings are most common across the Victo-
rian rail network, our findings suggest consideration should
be given to removing additional level crossings across Aus-
tralia, especially at sites where suicides have occurred. In
addition, when considering and evaluating future plans for
transport infrastructure projects, we would advocate for sui-
cide prevention potential and lives saved to be included in
the project calculus. Furthermore, for approved transport
infrastructure projects moving into the design phase, we
would advocate for the design to be informed by a consid-
eration of what features might achieve the biggest suicide
prevention impact.
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