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Abstract: The paper presents possibility of applying a structural times series
modeling with explanatory and intervention variables as a tool capable for
explaining the changes in the monthly number of fatalities and seriously injured in
traffic accidents. The analysis covers regional level and takes into consideration
traffic accidents data of two regions: Pomorskie and Warmia-Mazury. In addition
short-term forecasts for the two regions were developed and verified.
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Streszczenie: Artykul prezentuje mozliwosci zastosowania modeli strukturalnych
szeregow czasowych do analizy zmian poziomu bezpieczenstwa ruchu drogowego
mierzonego liczbq ofiar Smiertelnych i ciezko rannych w wypadkach drogowych.
Analiza obejmuje poziom regionalny i wykorzystano do niej dane o zdarzeniach
drogowych z dwdch wojewddztw: pomorskiego i warminsko-mazurskiego.
Dodatkowo wykonano i zweryfikowano rowniez krotkoterminowe prognozy danych
miesigcznych.

Stowa kluczowe: modele szeregow czasowych, bezpieczenstwo ruchu drogowego,
KSI - ofiary smiertelne i cigzko ranne, prognozowanie
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1. Introduction

Poland’s road safety performance has been improving in recent years yet failed to
deliver the targets set in its earlier road safety strategy (GAMBIT 2005) [1] and is
not on track both to deliver the agreed targets of the current national strategy
(NPBRD) [2] as well as EU safety targets (Fig.1). A detailed review of Poland’s
road safety situation is available in the World Bank's "Road Safety Management
Capacity Review" [3] finalized in mid-2013, although since that report progress
has been made in a number of areas specially concerning the area of traffic law
enforcement.
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Fig. 1 Percentage change in fatalities in EU and Poland 2001-2014 [4]

While there are many strong elements of road safety data management in Poland,
there are still significant weaknesses, gaps, and inefficiencies. One of the
fundamental problems for the proper science-based decision-making (crucial for
durable road safety improvement) is lack of a stable and reliable safety information
system. This applies to both levels of administration: governmental and self-
governmental [5]. In the result our researchers, specialist and analysts constantly
struggle with: inaccuracies of accident data, lack of collection of some key
variables, old-fashioned data collection processes, lack of integrated and
coordinated data basis (“island" data-basis), limited sharing of data, limited
linkages of key data sources, lack of transparency, substantial duplication of effort,
finally lack of capacity to employ road safety data to develop policy and programs
[6]. However, a number of current developments align to present strong
opportunities for advancement. These include increased understanding of the need
to improve and co-ordinate road safety data and developments to a number of
relevant databases, e.g. the national (POBR) [7] and regional road safety
observatories [8].
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Because road accidents are a complex process the valid data on their number,
locations, circumstances, users involved are the basic information that allows
evaluating and finding the real causes of accidents and then search for effective
ways to improve road safety. The next step are the preventive policies, which
should address accidents and should be comprehensive, coordinated and orderly
using a consistent set of methods and appropriate technical and organizational
means. To achieve it safety information system must work at each level of road
administration and methods and technics of road safety trends analysis and
prognosis must be developed [9].

The aim of this article is to present one of such analytical method. The idea is to
show the possibility of applying a structural times series modeling with
explanatory and intervention variables as a tool capable for explaining the changes
in the monthly number of fatalities and seriously injured in traffic accidents on the
regional level in Poland. The analysis covers regional level and takes into
consideration traffic accidents as well as some explanatory data of two regions:
Pomorskie and Warmia-Mazury. In addition, short-term forecasts for the two
regions are developed and verified.

2. Road safety trends at regional level in Poland

Two Polish regions were chosen for the purpose of this analysis: Pomorskie and
Warmia-Mazury. Both of them follow the pattern of Polish road safety
improvement although their safety results are better than the Polish average (Fig.2).
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Fig. 2 Percentage change in fatalities in Poland (PL), Pomorskie region (Pom)
and Warmia-Mazury region (W-M) 2001-2014 [10]
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It is easily seen that the fatality trends were quite constant between 2001 and 2007
while starting from 2007-2008 a period of substantial decrease of the fatalities
followed the stabilization. The analysis provided in this document refers to the
period of the systematic decrease (2007-2014).

Due to the fact that the analysis is provided for the disaggregated data - monthly
numbers for a single region - it was decided to use a sum of fatalities and serious
injuries (KSI') instead of usually used number of fatalities (to avoid too small
numbers). The period of 2007-2014 covered 96 monthly observations both for
Pomorskie and Warmia-Mazury regions. The seasonality of the data is very strong

(Fig. 3).
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Fig. 3 Monthly number of fatalities and seriously injured (KSI) in Pomorskie
(Pom) and Warmia-Mazury (WM) regions 2007-2014 [10]

In the author's previous analysis of road safety trends in Poland - due to the
unavailability of traffic data regarded as the best factor expressing the exposure to
an accident - it was proved that economic factors might explain some of the
changes of the fatality trend. It was also the case in other European countries
(e.g. Spain) [11], [12], [13].

L KSI - killed and seriously injured
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Fig. 4 Monthly unemployment rate (Unempl) in Pomorskie (Pom) and Warmia-
Mazury (WM) regions 2007-2014 [14]

Thus in the current paper the influence of economy was also taken into
consideration. The factor describing the economy condition (which influence
society activity and mobility [15], [16] was the unemployment rate.

The methodology used in the paper allows for including the so-called "intervention
variables" which are dummy (or indicator) variables used to take account of
outlying observations and structural brakes. These data irregularities are usually
thought of as arising from a specific event, for example a strike in transport in case
of outlier or change in policy in the case of a structural brake. No outliers were
found in the case of the analyzed data sets although April 2011 occurred to be the
month of a level shift. The explanation of the fact may be the reaction of the
society for the change in traffic law raising the speed limits on the express roads
and motorways in Poland. The law amendment was introduced on January the 1st
2011 and the real effect on the number of fatalities and seriously injured was
visible few months later.

? The unemployment rate - the percentage of the number of unemployed in the economically active
population
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3. Methodology

For the purpose of the analysis a structural time-series model of periodic (monthly)
discrete time series was chosen [17], [18]. It consists of three basic components:
the seasonal component, the trend and irregular interference. It can then be
extended according to the needs of the situation: in our case, explanatory variables
and interventions are added in order to determine the effect selected factors have
on the number of fatalities and seriously injured in the two regions over the
analyzed period. Among the potential factors, which are known to impact the road
safety level, those selected in this paper include the unemployment rate. Although
the technique allows to add any other data e.g. on the weather or road safety
measures. The only problem is the availability of the data.

The general formula used for modeling the monthly number of KSI in the case of
the current analysis with the structural model was the following:

K
KSI, =+ 7+ B %+ 2 AW, +&, & =N(0,07) €
k=1
L
He = Hiq +zllwlt + 17t = N(O,a,f)
=]
by =by 4 + ¢ G = N(an'é)
-1
7t:_z7/t—j+wt a’t:N(O:O}i)
=

where:

K S, is the monthly number of fatalities and seriously injured,
X, Is the variable measuring the economic factor in the month, with coefficient s,

w,, k=1.K, and w,, 1=1,.,L, are K+L intervention variables, with
coefficients 4, and 4,,
uand b, are the level and slope of the local linear trend,

7. IS the seasonal component written under a dummy form,

2

e, My ¢ and @, , i =1,.,1, are error terms, with variances oZ, lopup

2
o, and
af)n which are not mutually correlated, for t =1,...,n.

4. The results of the analysis

Initially, four models were estimated for adjusting the number of monthly fatalities
and seriously injured in the analyzed regions. All of them used the unemployment
rate as an explanatory variable. Finally, only two models (one for Pomorskie and
one for Warmia-Mazury) were chosen for further analysis - both of them have the
structure of the locally linear model with a linear trend with stochastic level, fixed
slope and fixed seasonal component. The results and performance criteria of the
models are presented in Tab. 1
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The variances of the disturbances associated to the slope and seasonal component
are close to zero which means that both models are locally linear. The correlation
to the explanatory variable is in all cases significant. The estimated coefficients are
to be interpreted following: an increase of 1 point in the unemployment rate in
Pomorskie in the month is associated with a decrease of 2% in the number of KSI
in the month where as an increase of 1% of the unemployment rate in Warmia-
Mazury in the month is associated with a decrease of 0,5 % of the number of KSI
in the month. At appears that in Pomorskie region the influence of economical
factors on traffic is stronger that in Warmia-Mazury region although both results
are within the range of results that have been obtained in other countries.

Finally, one intervention was analyzed - level shift in April 2011. The break in the
level for Pomorskie region resulted in the increase of the trend by 25% from April
2011 onwards. This is quite huge shift and may be related to the fact that traffic
law on speed limits was changed at that moment. The change influenced the road
users and the level of the trend has shifted: an uncontrolled message was given to
the society regarding new traffic rules (the tolerance to drive faster on motorways
and express roads from 1st January 2011 was in fact anticipated by road users on
all the interurban network). The level shift for Warmia-Mazury series was less
"spectacular” although 6% of increase means that also Warmia-Mazury was
affected by the change in traffic law.

Table 1. Results and performance criteria of the models fitted on
the number of fatalities and seriously injured in Pomorskie and
Warmia-Mazury regions period January 2011-December 2014

Parameters Pomorskie Warmia-Mazury
o2 0.246067 0.428859

0,? 0 0

ol 0 0

a2 161.547 166.639

Hr 47.35049 [0.00277] 59.76508 [0.02112]

br -0.56385 [0.0000] -0.43547 [0.00063]

Seasonal chi2 76.47657 81.97452
test [0.00000] [0.00000]

Unempl -2.02741 -0.52423
t-value -1.80478 [0.07483] -0.42762 [0.67006]
shift_4.2011 25.97649 5.96556
t-value 4.63332 [0.00001] 1.01993 [0.31080]

AIC 5.29 5.3328

BIC 5.7174 5.7602

For each model, are given:

- the estimated variances of the level, slope, seasonal component and residue,

- the estimated level and slope at the end of the period (12.2014),

- the coefficients of the explanatory and intervention variables (in bold), the value
of the T-test and the related Probability (in italics),

- the performance criteria : Akaike Information Criteria (AIC), Bayesian Schwartz
(BIC)
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In consideration of the performance criteria, both models are valid from a statistical
point of view.

5. Prognosis

One of a crucial motivations and goals of road safety modeling is getting
knowledge on future trends development. Structural time series analysis gives the
opportunity to achieve the short-term prognosis of the analyzed variables.

For the purpose of the current article a short-term prognosis of KSI development in
Pomorskie and Warmia-Mazury was performed under the assumption of fixed
unemployment rate within the analyzed period. For Pomorskie region the rate was
11,3% and for Warmia-Mazury - 18,9%.
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Fig. 5 Forecasts of KSI for Pomorskie (Pom) region (January-June 2015)

g0l [L——KSI_WM —— Forecast-KSI_WM +/- SE | AN

80+
70

60- /,/ ‘J,,

501

30F \

Il Il I
2014 2015 2016

Fig. 6 Forecasts of KSI for Warmia-Mazury (WM) region (January-June 2015)
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Structural time series models (1) were used to develop the forecasts of KSI and the
graphical results are presented in the above figures: for Pomorskie (Fig. 4) and
Warmia-Mazury (Fig. 5). The results achieved were compared with the real
(Observed KSI) values for January-June 2015 and presented in Tab. 2.

Table 2. Forecasts of the number of fatalities and seriously injured (KSI)
in Pomorskie and Warmia-Mazury regions - 6 months of 2015

Forecast Pomorskie Warmia-Mazury
Stand. Obs. Obs.
KSI Err KS] KSI Stand. Err KS
Jan 2015 43,1584 14,137 59 41,2621 14,5943 40
Feb 2015 29,3594 14,155 31 31,9461 14,6451 31
Mar 2015 30,6566 14,1433 36 36,19 14,5872 46
Apr 2015 39,3589 14,1953 52 43,1888 14,5275 42
May 2015 48,7472 14,1288 54 58,414 14,3994 52
June 2015 54,0359 14,0798 53 64,3298 14,3411 56

Almost all KSI values achieved within the prognosis appeared to be satisfactory
(within the boundaries of 2 standard errors). The exception was the value for
January 2015 in Pomorskie region, which slightly exceeded the boundary. This
allows assuming that models achieved are correct and may be used for practical
purposes (forecasting).

6. Conclusions

The results of road safety modeling at the regional level in Poland achieved within
current analysis are comparable with the results already obtained within the same
approach on the country level in Poland [19], [20]. Also in France in particular,
similar results were found as regards the relation between the number of fatalities
and the unemployment rate [12]. The results confirm that a structural times series
model with explanatory and intervention variables is an appropriate tool for both
explaining the changes in the monthly number of fatalities and seriously injured at
the regional level in Poland and forecasting the future values and may start to be
used by practitioners monitoring road safety trends at the regional level in Poland.

Road safety management system in Poland is under continuous development both
within the institutional and operational areas. There is lack of tools supporting the
operational level, mainly within the regional and local administration. At the same
time, implementation process of the new National Road Safety Program 2013-2020
and the regional and local programs need to be monitored and its effects evaluated.
Thus modeling techniques and tools must be available and their capacity for the
national and regional analysis properly understood. This is the direction that
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researchers involved in road safety analysis should follow in the near future to
bring the new solutions for the practitioners and decision-makers [5], [21].

The analysis performed in this paper will be continued covering data from all
Polish regions to form groups of regions with similar characteristics as regards
their economic conditions and fatality/serious injuries trends.
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