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Summary: The article deals with the analysis of rail transport accidents in the period
of 2008 — 2015 and with the comparison of their causes. The existence
of a relationship between causes of accidents and calendar months when the

accidents have occurred was determined by using one-way analysis of variance.

Key words: rail transport, accidents. one-way analysis of variance.

INTRODUCTION

The transport is one of the tools to fulfill the needs of society. It belongs to the evervday
life of all people. Railway transport is the most traditional mode of transport. lts origins date
back to ancient times when the ancient Greeks used the rails to make easier to get into their
temples. Former rails did not look like the current rals. There were notches on the road that
permitted the passage of vehicles. The first railway in our area was built in 1828 and 1t was
a horse-way Linz — Summerau — Horni Dvofisté — Ceské Budéjovice. As that time the road
and air transport were on therr beginning, raillway transport had no rival and it became the
fastest way of moving passengers and freights in history. Construction of the railway
infrastructure meant the work for thousands of people, encouraged technical development,
speed up industrial revolution and allowed expansion of international trade. Places where
railways have led registered rapid economic growth (8, 10)

After World War I1, road and air transport have developed and rail transport has
distinetly declined. It is mamnly due to the fact that road transport can quickly and more
flexible respond to the changes in demand for transport (due to a denser network). On the
contrary air transport offers very fast transportation but not directly to the city centers. In spite
of above mentioned facts relating to the rail transport this mode of transport is irreplaceable.
There is transported half a million people and more than quarter of million tons of goods by
railway every day in the Czech Republic. And that is why it is necessary to focus attention on
safety in the rail transport. (4, 8, 10)

§ 49 of the Railways Act defines an accident in rail transport as "o serious accident,

accident or danger in the rail wransport that threatens or impairs safety, regularity and



smoothness of rail transport, the safety of persons and the safe function of buildings and
equipment or threatens environment." (1)

During the period 2008 = 2015 were happened on average less than 1200 accidents per
vear in rail transport meaning on average 3 accidents per day. The goal of all transport
services providers is to reduce incidents to the lowest possible level. Analysis of the causes of
rail transport accidents could help in this way. (9)

Statistics of accidents in rail transport are led by an infrastructure manager since 2008 in
the Czech Republic. Infrastructure manager distinguishes accidents depending on the impact
that event has, respectively what is the size of human and material losses. This segmentation
1s specified in Regulation D17 for the reporting and investigation of incidents and detailed
spectfications are described in the Provision DI7-1 related to above mentioned Regulation
DI17.(11, 12)

For the purpose of the paper. it is necessary to introduce different segmentation
compare with that used by infrastructure manager. Accidents won’t be divided into the groups
by consequences (as it stated in the Regulation D17 and the Provision D17-1) but according
to their causes. This adjusted data can be used as the base for the statistical analysis of
accidents in rail transport,

1. METHODOLOGY

This chapter provides a theoretical basis for the statistical methods that has been used
for the analysis of accidents in rail transport which occurred during the period 2008 — 2015 in
the Czech Republic,

1.1 Adjustment for calendar variations

Adjustment of time series of calendar variations 1s particularly important for the reason
that the data of rail transport accidents are related to different time intervals. Some months
last 31 days. some 30 days and February has only 28 or 29 days. So we have to recalculate all
seasons to the unitary time interval. Then the results of statistical analysis won’t be
misleading. This operation 1s called an adjustment for calendar vanations and it 1s performed
by the following formula (1). (3. 6)

= :ﬁ%
(1)

When the value y, is the value of adjusting indicator in the relevant period of the year

¢ (in our case it 1s the number of rail transport accidents in the relevant month and in the

relevant year). The value J, indicates the average number of calendar days in the relevant

time interval of the year. And the value k: indicates the number of calendar days in the
relevant time mterval of the year. (3, 6)

1.2  One-way ANOVA

One-way ANOVA 15 the simplest sort of the analysis of varniance when we analyze the
influence of one factor x (in our case month) on the dependent variable y (in our case it is
accidents that were founded by specific causes). One-way ANOVA detects differences



between the averages of several groups that represent individual level (category) of the
reference factor by calculation of testing criterion F». We find whether the groups created by
classification factor are similar or whether the individual averages generate some identifiable
groups (homogeneous subgroups with similar values). (2,3.5, 6,7, 13)

One-way ANOVA tests the null hypothesis saying that mean values of the groups are
equal (it counts with the fact that the groups are influenced by natural variability). Testing is
performed on the basis of the analysis of relationships between the variances in each group
using the F-test. In other words, the measurable variables y don’t depend on the variable x.
The alternative hypothesis says that not all mean values are the same, ie. at least one is
different from others. Thus there 1s a dependence between the variables x and y. Hypotheses
are given by equations (2) and (3). (2.3.5. 6.7, 13)

Hoiphy =y = ply =+ =H, 2)

Hyp &S, & & #F 0 3)

Basic statistics calculated in the one-way ANOVA model is a generally testing criterion
Fa, which 1s calculated by formula (4), where n 15 the total number of observations. & 1s the
number of groups. ¢ is the monitored period, SSRaf1) 1s given by equation (5) and SSE.(1) is
given by equation (6). (2.3.5.6.7. 13)
SSR,.(t) /SSE,(t)

B =T/ -k (4)
SSR,(t) = Zh n,(7:(6) - P () (5)
SSR, (1= 5, I0, (¥, (0= F.(8))° (6)

The result of a generally testing criterion Fr 1s compared with critical value
Fi—ap- 1 n-p where a 15 the significance level, &£ — 1 and n — k are degrees of freedom.
If the equation (7) 1s valid 1.e. the value of testing criterion falls into the critical area, we
should reject the null hypothesis Hp and we should accept the alternative hypothesis Hy.
Alternative hypothesis H; says that the dependence between the researched variables exists.
(2,3,5,6,7,13)

F> B gyg-1n-1) (7)

Otherwise. if the value of testing criterion F» falls outside the critical area (defined by
the critical value Fi— k-1 n-) , we should accept the null hypothesis Hn. The dependence
between the researched variables doesn’t exist. Results of the partial calculations are usually
written into tabular form (see Table 1). (2, 3.5,6.7, 13)

Table | — Table for one-way ANOVA

Degree of Testing

Stms of Squares Mean Sguare Critical value

Sowrce of variability Freedom Criterion

{S5) (DF) {MS) (F) (F}
Factor SSR.(t) k=1 SSRat)f(k—1) Fu(t) Fi_wik—1,n-k)
Error S8Ea(t) n—k SSEMt) / (n—=k) - -
Total SSR,(t)+ SSE.(t) n—1 - - —

Source: (2, 3, 5, 6, 7, 13}, authors



2. MEASUREMENT

Infrastructure manager keeps detailed statistics about the occurrence of rail transport
accidents in the Czech Republic. The statistical data about accidents in rail transport related to
the period 2008 — 2015 are the base for this paper. Authors of the paper don’t divide the
mcidents according to the extent of human and material losses (as the infrastructure manager
does) but they divide incidents by the causes. These factors have been found and filtered in
statistics:
unavodable events (natural causes),
railway operators,
operators of rail transport,
suicides,
third persons (e.g. drivers of motor vehicles, bicyelists, etc.).

It seems to be logical to focus on the largest group of accidents. But sometimes it is not
possible and easy. Methods of mathematical statistics can detect various dependencies and
tightness of dependencies between accidents and monitored indicators. In this case we have
investigated the correlation between the frequency of accidents caused by a specific cause and
month of the year.

After we had divided accidents into the groups according to cause, we adjusted the time
series from calendar variations. It 1s due to the fact that all months of the vear have not the
same number of days. In the momtored period 2008 — 2015 were two leap years. Thus
adjusted time series can be analyzed by one-way ANOVA.

Sy b e

2.1 Application of adjustment for calendar variations

The first step of the analysis of rail transport accidents 1s the time series adjustment for
calendar vanations. Individual momtored time interval of the year (months) are converted to
the same time interval according to equation (1). Input data are the number of accidents in the
years 2008 = 2015 so we have to introduce two formulas for calculating the adjusted values.

The first formula 1s applied for classical, respectively non-leap vear, and it 1s defined by
equation (8). Where yr is the original unadjusted number of accidents which occurred in
a particular month of a particular yvear (e.g. 90 accidents occurred in February 2011 = value
vi=90). The value of indicator &, is the average duration of the months in the monitored year

(e.g. this value is 365/12 for the vear 2013). The k value 1s the number of days in the
monitored month in the year (e.g. the value is 28 days in February 2011).
}-551"-'] = ?rE:E (8)

g
The second formula 1s applied for leap years (for the vears 2008 and 2012) and 1t 1s
defined by equation (9). The difference in the calculation is the value of indicator J, which is

equal to 366/12 and the value of indicator & which 1s equal to 29 in the leap year’s February.
() = 38871



2.2 Application of one-way ANOVA

The number of rail transport accidents which occurred in each of months during the
period 2008 — 2015 1s known and simply divided into the groups according to cause (see
Chapter 1) and adjusted for calendar variations (see Chapter 2.1). The task of the one-way
ANOVA model 1s to determine the dependence between the months of the vear and the
number of accidents in rail transport, e.g. in winter could be more accidents than in summer
because of the 1cing, snow drifts, ete.

So we test the null hypothesis saying that accidents caused by a specific cause (ie
measurable variable y) are not depending on the month (i.e. variable x). The null hypothesis is
defined by the equal (2). On the opposite, the alternative hypothesis says that dependence
between monitored variables exists. The alternative hypothesis 1s defined by the equal (3).

Table 2 is the default table for the calculation of the one-way ANOVA model for
individual causes of accidents in the monitored period 2008 — 2015, The one-way ANOVA
model was testing on the significance level a = 0,05 (5 %). A detailed interpretation of the
results 1s given in Chapter 3.

Table 2 — One-way ANOVA — Rail transport accidents

Degree of Testing

Ry s g

auf*ce.a_f . of Squares Freedom Mean Square (MS)  Criterion  Critical value (F)
variahility (55)

g {DF) {Fysl
Factor SSRas(t) 12=1 SSRus(t) /(12 =1) Faelt)  Fr_opsiz—1,96-12
Error S5Ew(t) 96 —12 SSEs(t)/ (96— 12) = —
Total SERuitH SSE(t) 96— 1 — — —
Source: authors

3. RESULTS

As we describe above, the goal of the analysis of rail transport accidents 1s to determine
the dependence between the months of the vear and the number of accidents during the period
2008 = 2015. Dependence has been assessed by using one-way ANOVA model in 5 levels
according to the cause of accidents. These are:

1. unavoidable events (natural causes),

railway operators,

operators of rail transport,

suicides,

third persons (e.g. drivers of motor vehicles, bicyclists, ete. ).

Results of the analysis are presented in the tables below (see Table 3 = Table 7). The
most important values are always indicators Fus and F whose mutual comparison according to
equation (7) shows that the null hypothesis is confirmed (see equation (2)) or the alternative
hypothesis 1s confirmed (see equation (3)).

Results of one-way ANOVA are given in the Table 3. In this case we have examined
the dependence between the number of accidents in rail transport caused by unavoidable
events and the month when 1t had occurred. Results confirm the alternative hypothesis. The
equal Fys > F1s valid. The dependence exists in here.

Ln 4= W ba



Table 3 — One-way ANOVA - Unavoidable events

Source of

variability 55 DF MS Fus F
Factor 5877128 11 5342844 2,241463 1,904539
Error 2002.259 84 2383642

Total 2589972 95

Source: authors
Table 4 shows the results of the analysis of accidents that were caused by the railway
operators. From the values of indicators Fus and F is evident that the dependence between
accidents and months doesn’t exist. We have accepted the null hypothesis.
Table 4 — One-way ANOVA — Railway operators

Source of

variability S8 DF M5 Fus F
Factor 1419234 11 1290213 0,746622 1,904539
Error 14515.76 84 1728067

Total 1593499 05

Source: authors
The analysis of rail transport accidents that were caused by the operators of rail
transport using the one-way ANOVA (see Table 5) have similar result like the analysis of
accidents that were caused by the railway operators (see Table 4). The dependence between
accidents and month doesn’t exist.
Table 5 — One-way ANOVA — Operators of rail transport

Source of

variability S8 DF M5 Fos F
Factor 592.6621 11 53.87837 0,633767 1,904539
Error T141.083 84 850129

Total 7733.745 05

Source: authors
The analysis of raill transport accidents that were caused by the suicides can’t be
predictable or impressible by the infrastructure manager. Evidence of this 1s the result of the
analysis described in the Table 6. The comparison of the values Fos and F shows that the
dependence between accidents that were caused by the suicides and the month doesn’t exist.
Table 6 — One-way ANOVA = Suicides

Sowurce of

variability S5 DF MS Fos F
Factor 1787518 11 1625016 0,700247 1,904539
Error 1949 331 84 2320632

Total 2128083 95

Source: authors

The last accidents that have been analyzed by one-way ANOVA are the accidents that

were caused by the third persons (see Table 7) e.g. drivers of motor vehicles, bicvelists, ete.

As in the previous three cases, the comparison of the values Fus and F confirms the validity of

the null hypothesis. It means that there 1s no dependence between aceidents that were caused
by the third persons and month of the vear.



Table 7= One-way ANOVA = Third persons

Source of
variability S8 DF MS Fas F
Factor 557.3414 11 506674 0,456043 1,904539
Error 9332.594 84 1111023
Total 9889 936 95
Source: authors
CONCLUSION

The goal of the paper was the analysis of rail transport accidents in the period
2008 = 2015 in the Czech Republic. We have examined the dependence between the causes of
the accidents and the month when the accidents occurred by the one-way ANOVA model.
Statistical data were obtained from the mnfrastructure manager. The results of the analysis
written in Chapter 3 declared that the only reason that 1s dependent on the month of the vear 1s
unavoldable event. This means that the month, respectively the weather that belongs to
month. influenced the number of accidents.

Currently, the weather changes can be predicted with relatively high accuracy,
So prediction of the accidents caused by the weather changes should be easy in the same way.
The question 1s. if the measures realized agamnst it by infrastructure manager are
cost-effective, We have to consider the financial and material consequences that these
mcidents make. Accidents caused by the unavoidable events make up only 5 % of all the
accidents in rail transport that were occurred during the period 2008 — 2015, The material
losses are msignificant in comparison with other caused accidents. It 15 necessary to focus
attention on other causes whose effect could have for the passengers and providers of
transport services far more serious consequences.
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