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Abstract. The object of the research is the accident rate among vulnerable road users
(pedestrians, cyclists, and animal-drawn transport drivers) on the territory of the Gomel region of
the Republic of Belarus. In the paper, we carry out the analysis of the estimated dynamic patterns of
the number of victims among vulnerable road users in road traffic accidents. Taking into account
the dynamic patterns of accident rates and the identification of factors affecting road traffic
accidents will increase the efficiency of measures to eliminate negative trends in the field of road
safety and accident reduction.
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Introduction

The accident reduction problem is urgent and requires the improvement of road
safety enhancement methods.

As compared to developed countries, the road accident rate in the Republic of
Belarus is characterized by a high fatality risk in road traffic accidents and vehicles
dangerous to humans as well as a high severity of consequences, which is 3 to 15
times higher than similar indicators in countries with developed automobilization.

An increase in the number of cars on urban roads leads to an increase in the
number of road accidents involving vulnerable road users. Pedestrians, cyclists and
animal-drawn transport drivers are the most vulnerable and unprotected on the road
[1,2].

The paper sets out to estimate the dynamic patterns of accident rates in the
Gomel region and to identify factors affecting road traffic accidents involving
vulnerable road users. It will result in the increased efficiency of road accident reduction
measures.
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Statement of basic materials

To assess the dynamics of accidents and to identify significant influencing
factors, a large amount of information is required. The given objective is very
ambitious and requires a large number of observations to draw serious conclusions.

As a source of information, we use the database of the State Traffic Inspection
(Traffic Police) of the Department of Internal Affairs of the Gomel Oblast Executive
Committee of the Gomel Region on road traffic accident victims over the last twelve
years from 2009 to 2020. The number of people killed and injured in road traffic
accidents involving vulnerable road users is taken as the accident rate. Overall, there
are about 4933 records available.

To assess the dynamic patterns in the number of vulnerable road users killed and
injured in road traffic accidents, we use the rate tendency and the rate trend. With
regard to the performed analysis of road traffic accidents, the tendency shows the
direction of movement of the analyzed indicator, i.e. how much the road traffic
accident rate will change in one calendar year [3]:
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where i is a period number; 7 is the number of periods; i is the mean; Y; is the value

of the indicator corresponding to the i -th period; Y is the mean value of the
indicator.

The presence of a trend indicates the stability of the dynamic patterns of the
indicator.

The results of calculating the tendency and determining the trend of changes in
the number of road traffic fatalities and injuries involving vulnerable road users in the

Gomel region are shown in Table 1.
Table 1

Analysis of accident rate statistics involving vulnerable road users
in the Gomel region

trend

ty

2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020

deaths | 76 | 60 | 57 | 56 | 52 | 43 | 43 | 40 | 34 | 23 | 26 | 30 [-4,18] yes
injuries | 289 | 293 | 263 | 247 | 221 | 216|193 |157 |161 |133 |187 |162 |13,66| yes
deaths | 20 | 13 | 14 | 15 | 8 13 112 | 8 4 4 10 | 13 |-0,8| no
injuries | 51 | 51 | 32 | 45 | 44 | 40 | 28 | 35 | 29 | 24 | 26 | 34 |-2,05| no

Animal- deaths 1 1 2 2 0 2 0 0 0 0 0 1 [-0,12| no
drawn

transport | njyries | 7 | 9 | 7 | 6 [ 3 | 7 | 4| 6| 2| 0] 3|0 |05l no
drivers

Pedestrians

Cyclists

deaths | 97 | 74 | 73 | 73 | 60 | 58 | 55 | 48 | 38 | 27 | 36 | 44 |-5,1| yes
injuries | 347 | 353 | 302 | 298 | 268 | 263 | 225 | 198 | 192 | 157 | 216 | 196 |-16,2]| yes

Total
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Over the researched period, there has been a steady decline in the number of deaths
and injuries among vulnerable road users. There is a general trend towards an increase in
the number of pedestrians injured in road traffic accidents. They make up the majority of
the killed and injured in road accidents with vulnerable road users in the Gomel region.

The dynamic patterns of the societal risk R. (the number of deaths in road
accidents per 100 thousand population) are presented in Table 2.

Table 2
Dynamic patterns of the societal risk in the Gomel region
2l 2| = @2 Xz =2l s 2l 28 E
S o o o o o o o <) o o o ty S
N N N N [@\] N N N N (@\ [Q\] [@\] =

Pedestrians | 5,28 | 4,18 | 3,99 | 3,93 | 3,66 | 3,04 | 3,04 | 2,84 | 2,42 | 1,65 | 1,87 | 2,17 |-0,29| yes

T: Cyclists 1,3910,91098|1,05]0,56|0,92|0,85| 0,57 0,28 | 0,29 | 0,72 | 0,94 |-0,05| no
E Animal-
% drawn
‘5 0,07 { 0,07 | 0,14 | 0,14 | 0,00 | 0,14 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,07 |-0,01| no
3 transport
A drivers

Total 6,73 | 5,16 | 5,11 | 5,13 | 4,23 | 4,09 | 3,89 | 3,40 | 2,71 | 1,93 | 2,59 | 3,19 |-0,35| yes

Over the researched period, there has been a stable decrease in the societal risk for
vulnerable road users.

Table 3 shows the regression analysis results of the number of victims in road
accidents involving vulnerable road users in the Gomel region in Statistica, the
statistical data analysis program.

Table 3
Statistical analysis results of road traffic fatalities and injuries involving
vulnerable road users

Relationship Correlgtion Determ.inatimzl Eishpr's p- level

coefficient r coefficient R criterion F
Deaths y=10347,77-5,11x -0,92 85,45 58,74 0,000017
Injuries y=33265,1-16.39x -0.92 85.51 59,01 0,000017
Societal risk | y=707.047-0.39x -0.92 85.12 57,21 0,000019

The relationships shown in the table are statistically significant at the
significance level of 0.05 and above.

The change in the number of deaths and injuries caused to vulnerable road users
in road traffic accidents and social risk is shown in Figures 1 — 3. The prediction of
the number of deaths and injuries among vulnerable road users in Statistica is shown
in Figure 4.
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Fig. 1 Changes in the number of road traffic fatalities
among vulnerable road users
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Fig. 2 Changes in the number of road traffic injuries
among vulnerable road users
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| Year:Rc: 2 =0,8512; r=-0,9226; p = 0,00002; y =707,0473 - 0,349*x|

Fig. 3 Changes in the number of social risk among vulnerable road users

BWeight| Value |B-Weight B-Weight| Value |B-Weight
Variable *Value Variable * WValue
log [ -5.108390 2021.000) -103241 lNog | -16.38611 2021,000 -33120.4
Intercept 10347.8 Intercept 332651
Predicted 237 Predicted 1447
-95 0% CL 12,8 -95,0%CL 109.7
+95 0%CL 4.6 +95 0%CL 179.7

Fig. 4 Prediction of the number of road traffic fatalities and injuries among
vulnerable road users for 2021

Conclusions

The evaluation of the dynamic patterns of accident rates among vulnerable road
users in the statistical data analysis program Statistica will increase the efficiency of
the development of road accident reduction measures in the Gomel region.
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Annomauusn. [Ipodrema cHudiceHUus a8apuiiHOCMu HA A8MOMOOUNILHBIX 00pPO2ax SGIAemcs
AKmyanvbHou u mpebdyem yco8epuleHCmeo8anus Memoo0o8 NoGblUeHUsT Oe30NACHOCTU OOPOAHCHO2O
osudicenusi. OOvbeKmom uccie0o8anus SAGIAemcs A8apUUHOCMb ¢ He3AUWUUEHHBIMU VUACMHUKAMU
00POIACHO20 O8UMNCEHUS (NeUuex00amu, 8e10CUNEOUCTNIAMU U B0ZUUKAMU 2YHCE8020 MPAHCNOPMA) HA
meppumopuu I'omenvckoti obnacmu pecnyonuxku bBerapyco. B kauecmee ucmounuxa ungopmayuu
ucnoavsoeanacy 6aza oaunvix I ocaemouncnexyuu Ynpaenenuss Buympennux [en I'omenbckoeo
Obaucnoaxoma no I'omenvckoul obnacmu no nocmpaoasuium 3a osenaoyams nem ¢ 2009 2ooa no
2020 200. B xawecmee noxazamenell a8APULHOCIU NPUHUMALOCL KOIUYECMBO NO2UOWUX U
PAHEHbIX 8  OOPONCHO-MPAHCNOPMHBIX — NPOUCULECMBUAX — HEe3AUULYEHHBIMU — VUACMHUKAMU
00podicHo20 Osudicenus. Ilpouzseden ananuz pacuema OYeHKU OUHAMUKU UBMEHEHUs KOAUYecmsd
nOCMpaoa8uIuUx He3aWUWEHHBIX YUACHMHUKOS QOPONCHO20 OBUNCEHUS 8 OOPOIHCHO-MPAHCNOPIHBIX
npoucuecmeusx. Yuem OuHaMuKu usmMeHeHus nokasameneu deapuiiHoCmu U 6viseieHue hakmopos,
BIUAIOWUX HA  ABAPUUHOCMb, NO3BOIUM  NOBLICUMb  IPHEKMUBHOCIL  MEPONPUAMUL 1O
VCMpAHeHul0 He2amueHvlx MmeHOeHyuli 6 cgepe obecneuenus 0e30NACHOCMU  OOPOAHCHOSO
OBUIICEHUS U CHUINCEHUSL ABAPULHOCTU.
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