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Abstract—Warmia and Mazury still belongs to the areas with 
the smallest transport accessibility in Europe. Unsatisfactory 
state of road infrastructure is a major barrier to the development 
of the regional economy, impacting negatively on the life 
conditions of the population. Also in terms of road safety Warmia 
and Mazury is one of the most endangered regions in Poland. 
The Police statistics show that beside a high pedestrian risk 
observed in the capital of the region the threat occurs also at the 
rural area. This indicates the growing role of speed and 
unforgiving roadside as a cause of accidents. In this article 
analysis of road safety trends together with short term forecasts 
of possible future changes are presented based on time series 
modeling techniques. The results may serve as a tool of road 
safety management at the regional level. 

Keywords—road accidents; road transportation; 
communication system traffic. 

I. INTRODUCTION

Warmia and Mazury is a region of outstanding natural 
beauty, which at the same time due to the very low 
accessibility of transport is still of a huge need for 
development and modernization of the existing road 
infrastructure, especially the regional road network. This 
development is a priority for both regional and national road 
authorities managing road infrastructure, but the 
implementation of these plans - for not only financial reasons 
is not an easy task and move on in time [1]. On the one hand, 
the growing public demand for high-quality transport services 
and on the other hand the desire to preserve environment make 
this process very complicated. The proper decisions should be 
taken quickly since human life is at stake! Unfortunately while 
the discussion is on progress road users are still being exposed 
to enormous risk and get injured or die [2], [3].  

Even if the long-term road safety trends are quite 
optimistic the region is still at serious risk due to lack of 
effective road safety management system and insufficient road 
network level [1]. The regional decision-makers needs tool for 
efficient planning, monitoring and evaluation of road safety 
strategies and countermeasures [4].  

The aim of this article is to build a model suitable to 
forecast and monitor road safety at the regional level in 
Poland. To do this we will use structural time-series modeling, 
a technique, which has been successfully applied to many road 
safety data across Europe and worldwide [5], [6], [7], [8]. This 
kind of models could be used as a support within the decision-
making process in Warmia and Mazury. 

While analyzing the Police accidents statistics it is easily 
seen that the overall accident trend in this region is decreasing 
although it has at least two periods of the clear development: 

• First; between 2000 and 2008 when the average
number of accidents was at the level of 2000 and
injuries at the level of 2500,

• Second; between 2009 and 2016 when the number of
accidents decreased to 1800 and injuries to 2000
(Fig. 1).

Fig. 1. Changes in the number of traffic accidents and injuries in the period 
2000-2016. (Source: Police Headquarter, 2016) 

When it comes to the most severe accidents the observed 
improvement was even better: 

• Serious injuries decreased from 900 to 500 on average
between 2000 and 2016, although 2016 was a year of a
sudden significant increase (serious injuries raised by
20 % compering with 2015),
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• Fatalities have decreased by about 50 % in the same
period, from 300 to 150 on average (Fig. 2).

Big progress was also made in accidents with fatalities 
where the factor of speed and trees was involved. In the period 
of 17 years this kind of fatal accidents has decreased by more 
than 85 %. 

Fig. 2. Changes in the number of traffic fatalities and serious injuries in the 
period 2000-2016. (Source: Police Headquarter, 2016) 

Fig. 3. Changes in the number of traffic fatalities and serious injuries in the 
period 2000-2016. (Source: Police Headquarter, 2016) 

To understand the trends and their long term development 
the analysis of road safety changes in Warmia and Mazury are 
performed in this article using time-series analysis. The 
question to be answered is - will the decreasing accidents and 
fatalities trends continue in the nearest future or there is a risk 
of reversal? If yes, the message should be announced to the 
road administrators as soon as it is possible to give them time 
to undertake proper actions and implement countermeasures 
[9], [10].  

II. TIME-SERIES MODELLING

Time-series analysis models serve as one of the main tools 
for measuring road safety exploring relationships between 
road accidents/injuries, road traffic exposure and other risk 
determinants and assessing impacts of road safety 
interventions. As it can be find in literature a tool appropriate 
for monitoring of road safety trends, explaining changes in the 
number of fatalities as well as for forecasting them may be a 
technique called a structural times series modelling [11], [12]. 

The application of time-series analyses for road safety 
purposes began several decades ago, where over time various 
methods were suggested to handle the data structure and 
interrelationships.  

Because of the nature of road traffic safety, it lends itself 
very well to modeling using time series. Observations of a 
series available in moment t, to forecast its future value t+l, is 
the basis for planning in economics, trade and production 
control [11]. Effective trend forecasting using historical data 
requires good quality data and models based on realistic 
assumptions. In the case of traffic, we assume that any 
changes in its future state and safety will occur in similar 
socio-economic conditions, i.e. no unexpected events are 
taken into account. The time series can be defined as a certain 
(stochastic) process where the subsequent observations change 
in time randomly. The observation may be e.g. the number of 
killed in road fatalities, injured or the total number of 
accidents over any discrete time, e.g. over a month, quarter or 
year. This creates the time series, which we then use to build 
the model (Equation 1). 
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where: 

tY  is the monthly number of fatalities (or and seriously 
injured),  

tμ and tb  are the level and slope of the local linear trend,  

tγ is the seasonal component written under a dummy form, 

tε , tη , tζ and itω , 1,..,I, are error terms, with variances

2
εσ , 2

ησ , 
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III. WARMIA AND MAZURY ACCIDENT DATA ANALYSIS

The model proposed for Warmia and Mazury in this article
is a structural time-series model of periodic (monthly) discrete 
time series. The modeling data are: monthly number of 
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fatalities (Model 1), monthly number of serious injuries 
(Model 2) and month number of fatalities were trees and speed 
factors appeared (Model 3). All of the three models are so 
called local level and consist of three basic components: the 
seasonal, the trend and irregular interference (Fig. 4). The 
seasonal component is fixed (deterministic) while trend and 
irregular are stochastic. The shape and parameters of this kind 
of models were discussed in details in [13] and [14]. 
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Fig. 4. Structural time-series model for the number of fatalities 2000-2016 
(Model 1) 
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Fig. 5. Prediction of the number of fatalities 2015-2016 based on structural 
time-series model (Model 1) 

After the estimation of the models the results occured to be 
satified and were chosen as valid for the development of the 
forecats.  
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Fig. 6. Forecast of  fatalities for the year 2017 based on structural time-series 
model (based on Model 1) 
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Fig. 7. Forecast of  serious injuries for the year 2017 based on structural 
time-series model (based on Model 2) 
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Fig. 8. Forecast of fatalities (speed and trees) for the year 2017 based on 
structural time-series model (based on Model 3) 

One of a crucial motivations and goals of road safety 
modeling is getting knowledge on future trends development 
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[15], [16]. 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 
fatalities, serious injuries as well fatalities with the impact of 
speed and trees were performed under the assumption of fixed 
socio-economic situation within the analyzed period and the 
graphical results are presented in the above Figures 6-8. The 
results achieved were compared with the data for 2016 and 
presented in Table I.  

TABLE I.  RESULTS OF A FORECASTS OF THE NUMBER OF FATALITIES, 
SEROIUS INJURIES AND FATALITIES (INVOLVING SPEED AND TREES FACTOR) 

IN WARMIA-MAZURY REGION (2017) 

Month 
Forecast 

Fatalities Serious injuries Fatalities 
(speed & trees) 

2017-1 10 32 6

2017-2 9 31 6

2017-3 11 32 6

2017-4 11 40 6

2017-5 13 49 10

2017-6 13 58 7

2017-7 16 64 8

2017-8 18 68 10

2017-9 16 57 8

2017-10 14 57 5

2017-11 13 43 4

2017-12 14 48 6

Sum for 
2017 

158 579 82

Sum for 
2016 

158 600 76

The forecats shows that the number of fatalities will stay at 
the level of 2016's, which is not optimistic signal since the 
year 2016 was 20% worse then 2015. Such negative trend 
occurs also for fatalities involving trees and speed factor - here 
we can expect the increase of the risk. Slightly better situation 
may be observed for the serious injuries - this number is going 
to decrease and reach the level of 2014.  

IV. CONCLUSION

The analysis performed using structural time-series 
modeling technique appeared to be suitable to develop a 
forecast of road safety data for the region of Warmia and 
Mazury. It showed that to get back on track the regional road 
administration have to increase efforts and implement more 
countermeasures. Especially, according to the forecast, the 
trend of accidents where the factor of speed and trees appeared 
is going to increase in 2017, which should be a clear sign for 

the decision-making. Without special actions the overall 
decreasing accident trend may change its direction into 
opposite one, which would be a very pessimistic scenario for 
the whole region. 
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