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Abstract: Globally, the number of traffic accidents is deitlg year. The epidemic has been the primary factiniencing
its score in recent years. This figure is stilltguiigh, though. Because of this, every attemptishioe taken to lower the
quantity of traffic incidents. The article's gosito examine the likelihood that certain variablelsich are dependent on
weather, will have an impact on the quantity offitaaccidents. Ten measuring sites in Poland veti@sen at random
for this purpose, and the number of accidents et &zcation was examined. Based on the study nitbeastated that
overcast and rainy days, together with favoural#ather conditions, have the greatest impact omtheber of traffic
accidents. Furthermore, the likelihood of a traffallision rises by 29% and 20%, respectively, vercast and rainy
skies. For this reason, special care should betizkeninimize road accidents.

1 Introduction long-term health repercussions. Economic lossealsoea

Every nation has a serious societal issue with rodgsult of accidents. Globally, the number of taffi
accidents. A number of variables, including speézhhol ~ accidents is declining year. The epidemic has ligen
usage, weather, and other factors, can contributeatfic ~Main factor affecting this score in recent yearbisT
accidents. The World Health Organization [1] repahat Number is still quite high, though (Figure 1). Byefay,
road accidents claim the lives of over 1.35 milljmople there are about 62 traffic incidents with an averafj62
year, millions more of whom are seriously injured dave fatalities and 72 injuries.
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Figure 1 Number of road accidents in Poland accogdio weather conditions from 2001 to 2021 [2]
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The aforementioned occurrences are linked to higher
medical expenses, the requirement for car and road

infrastructure maintenance, and detrimental enviremtal
effects including oil spills. Because of this, gveffort
should be made to prevent traffic accidents in otde
lower their frequency. Finding the variables infioeng
the quantity of traffic accidents is one way tothis [2,3].
According to studies by Zhai et al. and Hollandlet
pedestrians are less protected than passengerarsn
which puts them at the highest risk of being ined\n a
traffic collision. They also sustain severe injaremong
all those involved in traffic. Another of their iestigations
revealed that the severity of pedestrian injuriess
influenced by variables such alcohol use, drivee ag
gender, illumination, road conditions, pedestrianduct,
accident site, vehicle, speed, and adverse wefheél

o heavy rain (temperature > 0°C,
precipitation > 3 mm),

0 snowstorm  (temperature < 0°C,
precipitation > 3 mm),

o strong wind (wind > 10 ms/s),

o dense fog (visibility < 300 m).

In their study, Masello et al. offered an altervati

cmethod of examining traffic incidents. They invgated

how driver assistance technologies may raise ¢raéffety.
The investigation was carried out in a variety @ather
and traffic scenarios.

i The relationship between the three elements didraf
(the so-called safety triangle) is also influenchy
atmospheric conditions. These elements are theleg(itis
technical state, traffic speed, load), the envirentr(road

More serious accidents on the roadways are fretyueninfrastructure), and the human being (and his psych

caused by bad weather and poor illumination, paetity

at pedestrian crossings [7-9]. But this varies etiog on

the field of study. For instance, it was demonsttah the
paper [10] that meteorological conditions typicdfigve
minimal impact on traffic accidents. This study jeabcan
also be found in the works of Masello et al. [1dfil8ecker
et al. [12], where the authors presented a modehef
likelihood of traffic accidents based on the tiniglay and
the meteorological conditions. The relationshipwksen

weather conditions and road accidents was alsgsein

the work of the [13-25].

Apart from decreasing the frequency of traffic
accidents, the current weather also influencesfidraf

volume and driver behavior, including how quickhey
respond to traffic circumstances [16,26-27].

In his research, Eisenberg [18]
connection between precipitation and road accidartte
United States and demonstrated that inclement we&h
associated with a higher number of traffic accident

examined the

motor state, fatigue, stress, and concentratidgu(e 2).

Figure 2 Safety triangle

It is possible to draw a variety of inferences frtm
literature research on the likelihood of a trafficcident
given the current weather conditions. A few reseasc
evaluate their detrimental effect on the quantityraffic

Brodsky and Hakkert [28] examined a related subjeglccidents. However, a lot of academics assert ttiat

and discovered that accident rates rose by 100%en

impact does not exist. It has been acknowledgedtikree

presence of rain, whereas in Denmark the rise wilis 0 js a need to evaluate the variables influencingythentity
about 10%. Fridstrem et al. [16], on the other hangf traffic accidents. Because of this, the artictgdal is to

discovered that rainfall had no influence on thange in

evaluate the significance of the influence of pailtr

the number of traffic accidents in Sweden and Ngtwaatmospheric conditions on the likelihood of a icaff
Conversely, in Poland, the majority of road acctden coljision. Because of this, it is possible to askiat impact

happen when the weather is nice. Moreover, thaiéecy
of traffic accidents rises with rising temperaturasd
favorable weather [2,27,29].
For the purpose of this work, it was assumed [30]:
» good atmospheric conditions are:

0 air temperature > 3°C,

0 No precipitation,

o wind<5.5m/s,

o visibility > 10 km,

o pressure difference over the day < 8 hP

do meteorological conditions have on the quanfityaffic
accidents? To do this, ten measuring sites in [Eolere
chosen at random, and the following data were exathi
for each location: the quantity of accidents iatieh to the
weather at the time of the incident.

2 Equations
This paper's objective is to evaluate the impact of
specific climatic variables (such as fog, high wiotbud

%over, sunshine, snow, and rain) on the likelihtioat a

* Bad weather conditions (if one of the following affic accident will occur at the examined meameat

factors is met) are:

oint. The following algorithm was used to calcelahe

o slippery pavement (temperature < 3°Gjyelihood of a traffic collision for this purpose:

and occurrence of precipitation),
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» 10 measurement points on different types of nationahoose the spots. The maximum allowed speed for
and provincial roads in Poland were randomly selibct vehicular traffic at all presumptive measuringistas was
« The following parameters were determined for th&0 km/h.
selected points:
0 Location of the measuring point. g ™
o0 Type of road on which the measurement point i
is located (national road, voivodeship road). oegersP i Witz
0 Geographical coordinates.
o Traffic speed at the point under analysis.

The study employed the CART approach. The CART AR
approach is built on two key components: regressess, A s P
which are used to forecast the value of the targeable
and are defined by a continuous type target vagjadohd 5 2
classification trees, which are used to classiassts and o
are characterized by a categorical target variable ] - N
fundamental idea behind the CART algorithm is thett - i s O
is divided at the nodes based on a single decisidable,
and that data splitting stops when an answer t@jaestion . -
has no bearing on the answer to another. The CAR/
technique is typified by recursive binary splittinghich

w
Gogle

Figure 3 Measurement points withiri.‘{ﬁmewt‘::imt;/ of Fl_’ﬂa]x

consistently splits a parent node into two daughtetes. z 0 S :
Because the classification error of each layeeterthined -l g
after the divides are made, there will be someabdlify in =~ «e e S e
the final category [31]. e 5 ‘*7

The investigation also made use of Minitab software ) i _
Statistical software called Minitab is used glopalb Pt saéna Q@Y @ weayomln
evaluate data and enhance goods and services. Aimeng’ MR e
many options the application offers for efficienadysis is a5 - b
an interactive assistant that may aid at any phiring the )TN N 3 wszons 10
process. T e =

Hieklonice = D¢l

2.1 Selection and location of sites 5

Ten randomly chosen places in Poland were examin¢ Kowows oo e
to ascertain the effect of specific meteorologomaiditions e ST ks =5
on the likelihood of a traffic collision (Table 1). Figure 4 Measurement points in Koszalin County [33]

Table 1 Coordinates of measurement points [32]

d e 3 Reaultsand analysis
, Road |-Onditude Latitude The current study has used data from ten locafions
M easurement Point | of the of the . . y .
SIgnage | oint point different sections of Poland. A table (Table 2} tiaplays

point1 |Pita- Wojska Polskieg|DW 17¢[16.73230(53.15143| the frequency of accidents in a certain type ofremment

point2 |Pita- Poznaiske DK 11 |16.75299/53.12634| and atmospheric conditions across all locationshieges
point3 |Pita- Al. Piastéw DK 11 [16.73796(|53.15010| created based on the accident data.

point4 |Pita- Niepodlegtéci  |DK 11 |16.73793|53.16330 The data makes it abundantly evident that the tamm
point5 |Manowc DK 11 |16.28735)|54.13272| causes of traffic accidents in the majority of kheations
point6 |Mscice DK 11 |16.08024|54.21942| are high levels of cloud cover and precipitation.a4result,
point7 |Siandw DK6 |16.30271|54.23029| additional information has been gathered, as shiwn
point8 |Strzekcinc DW 167]16.16548|54.09983| Taple 3, which provides the total proportion offetiént

point9 |Sucha Koszaliske  |DW 20 |16.26632]54.26046|  climatic conditions that cause traffic crashes relgas of

point10|Szczeglin DW 20€]16.38469[54.18065] |ocation. As is evident, comparable informationalso
) ) ) ) shared by the general statistics, namely that eaid

‘We examined the following information for these,yercast skies are the factors that contribute inereased
points: number of accidents varying according te t requency of accidents. The total proportion mayegual

weather at the time of the incident (Figure 3, Fgd). 10004 since numerous incidents occur in locatiorth wi
Both national (DK 6 and DK11) and provincial (DW167 jifferent climates.

DwW179, DW 203, and DW206) highways were used to
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Table 2 Percentage of accidents in different lamatiunder Cloudy Sk 5C
different environmental conditions Sunshin 0

L ocations |Climatic condition Average rate of Snowfal 0
accidents (%) Rainfall/Precipitatio 0

1 Foc 0
Strong Winc 0 Table 3 Proportion of road accidents based on dima
Cloudy Sk 32.2¢ conditions
Sunshine 1.0 Climatic Overall average rate of
Snowfal 1.0¢ condition accidents (%)

Rainfall/Precipitatio 19.3¢ Foc 0

2 Foc 0 - p
Strong Wint 1.2¢ g::)?;jg VSVLT( 2901.LZ):
Cloudy Sky 29.4 y TS
Sunshin 3.8F Sunshin 3.64¢
Snowfal 1.0¢ Snowfal 3.38¢
Rainfall/Precipitatio 15.3¢ Rainfall/Precipitat

3 Foc 0 ion 20.20:
Strong Wind 2.1
Cloudy Sk 19.5 In this study, we've tried to create a model thaat @Il
Sunshin 6.5z us how likely it is that traffic accidents wouldag given
Snowfal 6.52  certain weather conditions. This may be combinetth wi
Rainfall/Precipitatio 2174 information on driver behavior, road layout, andhest

4 Fog i 0 factors to provide a more comprehensive picturehef
Strong Win 3.8¢ precise likelihood of a traffic crash. Two matheiceit
Cloudy Sk 2308 techniques, namely  logistic  regression  and
Sunshin 0 L .

Snowfal o classlflcgtlon/deC|S|on_ trees, can be emplpyedrtmlate
Rainfall/Precipitation 6.0 the I|.k_el|hood of_ trajﬂc acmde_nts accord_mg to atleer

5 Foc 0 conditions. The likelihood of this road collisionest was
Strong Winc 0 determined using the CART, or Classification and
Cloudy Sk 28.5" Regression Tree, approach since probability is a
Sunshin 0 continuous event that can lie anywhere betweend0lan
Snowfal 0 The greater accuracy and predictability of the CARIdel
Rainfall/Precipitatio 14.2¢ over the logistic model is another important factbne

6 Foc 0 CART analysis was carried out using Minitab sofvar
Strong Win( 0 The regression tree study took into account evesgiple
Cloudy Sk 35.2¢ climate circumstance. Even if early research hasveh
Sunshin 0 that some weather conditions do not function agnis for
Snowfal 0 car collisions, it is nevertheless vital to inclutieese
Rainfall/Precipitatio 0 aspects when forecasting the occurrence of crashes.

7 Foc . 0 Undoubtedly, it can be stated that these elemeiits w
ggcijr:jgy vSvlu(?( 17 89_ decrease the accuracy of the model; nonethelessif
Sunshin : 6 not impair the predlc'Fablhty of the road_ C(_)Illsmmdents_
Snowfal ) in _genera_l. Accordmg to the preliminary a_naly3|s's
Rainfall/Precipitatio 43¢ findings, six trees is thg |dgal amount for thehkeigt R-

8 Foc 0 square. Additionally, with six trees, the Mean Abg®
Strong Win 0 Percentage Error (MAPE) is at its lowest—that isst
Cloudy Sk 0 0.7%. The selection criteria for the six treesdisplayed
Sunshin 0 in Figure 5, and the tree itself is shown in Figbir&igure
Snowfal 0 6 illustrates how the first two branches of the show that
Rainfall/Precipitation 10 a cloudy sky and rainfall have an entirely diffarerash

9 Foc 0 forecast, with a mean of 25%, compared to 1.9%afbr
Strong Winc 0 other conditions combined. Once more, the trees tige
Cloudy Sk 25 branch off the variables that affect collisionstbe roads.
Sunshin 28 For instance, among the two severe variables, aaih
Snowfall 23 overcast skies together account for 20-21% of siohis
Rainfall/Precipitatio 0l and almost 29-30% of crashes. Comparable figures ar

10 Foc . 0 also observed for other irrelevant parameters.

Strong Wint 0
~4~
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R-squared vs Number of Terminal Nodes Plot
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Figure 5 Number of trees required for highest Resqd value.

Alternative Tree Diagram

NODE 1

Mean = 9.51250
StDev = 17.4535

Total Count = 60

Climatic condition = {Fog, Snowfall, Strong Wind., Sunshine} !

Climatic condition = (CToudy Sky, Rainfall/Precipitation}

NODE 2 NODE 5

Mean = 194075
StDev = 553246

Total Count = 40

Mean = 24 6560
StDev = 22.5537

Total Count = 20

Climatic condition = {Fog, Strong Wind)] Climatic condition = {Rainfall/Precipitation}

lclimatic condition = {Snowfall, Sunshine} Climatic condition = {Cloudy Sky)‘

NODE 3

Mean = 0.365000
StDev = 0.961907

Total Count = 20

Climatic condition = {Fog}

]Climatic conditi:m = {Strong Wind}

TERMINAL NODE 1

Mean = 0.00000
StDev = 0.00000

Total Count = 10

TERMINAL NODE 2

Mean = 0.730000
StDev = 1.25860

Total Count = 10

NODE 4

Mean = 3.51650
StDev = 7.43807

Total Count = 20

TERMINAL NODE 5

Mean = 20.2030
StDev = 28.1954

Total Count = 10

TERMINAL NODE 6

Mean = 29.1090
StDev = 13.5168

Total Count = 10

Climatic condition = (Snowfall)"

Climatic condition = {Sunshine}

TERMINAL NODE 3

Mean = 3.38800
StDev = 7.45339

Total Count = 10

TERMINAL NODE 4

Mean = 3.64500
StDev = 7.42051

Total Count = 10

Figure 6 Regression tree for predicting road crashes urdiféerent climatic conditions

The predict option in Minitab software's CART accidents occurring in a given weather scenariguréi 7
analysis allows it to forecast the occurrence gfetielent shows pictures illustrating how to determine tkellhood
variables depending on the data that is suppliedhis of a traffic accident occurring in a given set of
study, we've tried to forecast the likelihood oéffic meteorological circumstances.
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Predict X

Response: Rate of accidents (2007) in %
Enter individual values v

Climatic condition Cloudy Sky ¥ | Fog ¥ | Rainfall/Prec ¥

Results... Storage...

Prediction for Rate of accidents (2007) in % | Prediction for Rate of accidents (2007) in %

Settings Settings

Climatic condition = Cloudy Sky Climatic condition = Rainfall/Precipitation

Prediction RS
. Terminal
Terminal Obs Node ID Fit
Obs Node ID Fit 3 520.203

1 6 29.109

Figure 7 Screenshots from Minitab software fordicéng road crashes

According to historical data for the area, Figure Thorough examination of other variables that mayehen
shows that the likelihood of a traffic collisioseis by 20% impact on the quantity of traffic accidents.
in the event of rain and by 29% in the case of dyosky.
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