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ABSTRACT: Spatial analysis of accidents occurred in freeways and identifying effective parameters
can help researchers and authorities to improve road safety by reducing the severity of accidents. The
purpose of this study is to provide a method to analyze the accident severity and determine related
effective parameters in freeways based on spatial clustering functions and regression and classification
tree data mining method. Proposed method was assessed in Qazvin-Loshan freeway. In this study, to
study the spatial distribution of the accidents in the aforementioned axis during the period from 2011
to 2016, the spatial functions such as Getis-Ord G* autocorrelation and Kernel Density Functions were
Used. The results of spatial analysis showed that the spatial gathering of accidents in most of horizontal
curves was greater. According to this achievement, in the next phase of the study, in order to study the
factors affecting the severity of accidents, the Regression and Classification Tree was used on accidents
that occurred in the whole axis and specifically the crashes which occurred in the horizontal curves.
Results of this part of the study showed that the type of accidents (overturning and falling, exit from the
road, multi-vehicle collisions, etc.) and human factors are the most important factors in the severity of
accidents in this axis. Relative importance coefficients for these two independent variables are 100 and
39.7 percent for the whole axis and 100 and 65.9 percent for horizontal curves. The study of the relative
importance of other variables used in the proposed model showed that the geometric design, type and
date of crashes are among the most effective factors in increasing the property damage only crashes in
Qazvin-Loshan Freeway. This study showed that the integration of GIS functions with non-parametric
data mining algorithms such as decision tree, which is capable of simultaneous modeling of quantitative
and qualitative data, is an effective approach to determine the factors affecting the severity of accidents
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and to analyze the spatial patterns of accidents in freeways.

1. INTRODUCTION

The effective treatment of road accidents and thus the
enhancement of road safety is a major concern to societies due
to the losses in human lives and the economic and social costs.
Tremendous efforts have been dedicated by transportation
researchers and practitioners to improve road safety.

Spatial analysis of accidents occurred in freeways and
identifying effective parameters can help researchers and
authorities to improve road safety by reducing the severity
of accidents. Traffic safety of freeways has attracted major
concerns, especially for a mountainous freeway affected by
adverse terrain conditions, constrained roadway geometry
and complicated driving environments. On the basis of a
comprehensive dataset collected from a freeway with a length
of 85 km but gathering 2 tunnels.

Since injury severity of freeway crashes is the result of the
combination of multiple factors, no single factor can likely be
identified to provide a complete explanation for the high risk
*Corresponding author’s email: meysameffati@guilan.ac.ir

of severe crashes in freeways. At mountainous freeways, the
sophisticated interaction of the adverse terrain, road facilities,
environmental factors and driving behaviors, may greatly
elevate the likelihood of crash occurrence and injury severity
[1].

This study seeks to examine the interactive effects of
freeway alignment, driving behaviors, vehicle characteristics,
and environmental factors on crash severity. A classification
and regression tree (CART) model is employed as it can
deal with high-order interactions between explanatory
variables. Classification and Regression Trees (CART)
method, as a commonly used data mining technique, can
capture non-additive behaviors, which provides the ability
to highlight sophisticated relationships that are difficult
to discover. When CART analysis is applied, variable
correlation problems are not problematic [2]. Also, CART
model can boost efficiency when it deals with large-scale
data containing a large number of explanatory variables and
produces useful results using only a few essential variables
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with a brief graphic display [3, 4].

Identifying the effective parameters on the increase of
the severity of the accident in freeways and also the spatial
analysis of the accidents occurring in them could lead to the
reduction of road accidents. In this regard, the present paper
seeks to identify the high crash locations, in addition to the
factors affecting the severity of accidents. The probability of
accident occurrence, and its severity, can often be reduced
by the systematic analysis of the incident scenarios and by
resorting to appropriate solutions involving the application
of proper traffic control devices, suitable roadway design
practices and effective traffic police activities. However,
the task of making effective solutions warrants analysis of
spatial and temporal patterns in the zone of traffic accidents,
which can be achieved through the application of geospatial
technology [5].

2. METHODOLOGY

In this study, the accidents of Qazvin-Loshan Freeway
during the period from 2011 to 2016 were initially
investigated, using the clustering and spatial distribution
methods. The employed spatial functions included Getis-Ord
G* Autocorrelation and kernel density functions.

In the next stage, the Classification and Regression Tree
models were used to evaluate the factors affecting the severity
of accidents occurring in the whole axis and specifically in
the high crash horizontal curves. The Classification and
Regression Tree (CART) is a non-parametric modeling
approach, which uses a decision tree to solve classification and
regression problems using both categorical and continuous
variables. When the value of the target variable is categorical,
CART produces a classification tree, whereas a regression
tree is developed for the continuous variables. Relationships
between risk factors and injury severity can be identified
by splitting a large dataset into more homogenous subsets
during the classification process. The classification tree begins
from the topmost node using a binary split procedure, where
statistical tests are run against every attribute in the dataset

[1].

3. RESULT AND DISCUSSION

The preliminary results of spatial analysis showed that
the number of accidents was greater in horizontal curves.
According to this achievement, in the next phase of the
study, in order to study the factors affecting the severity of
accidents, the Classification and Regression Tree was used
on accidents occurring in the whole axis and specifically in
most horizontal curves with high crashes. The results of this
part of the study show that the type of accidents (overturning
and falling, exit from the road, Multi-vehicle collisions, etc.)

and human factors with the respective independent variables
importance coefficients of 100 and 39.7 percent for the whole
axis and 100 and 65.9 percent for horizontal curves, are the
most important factors in the severity of accidents of this axis.

The study of the relative importance of other variables in
the proposed model shows that the geometric design, type
of crashes, and date of the accident are the effective factors
in increasing the accident severity at the Qazvin-Loshan
Freeway. Also, the results of modeling of crashes occurred in
horizontal curves showed that the accident location, especially
the shoulder, as well as the time of the accident, cause serious
accidents.

4. CONCLUSIONS

Safety interventions to prevent severe crashes at the
freeway include hierarchical supervision in terms of hazardous
driving events, enhanced enforcement for speeding and
fatigue driving, deployment of advanced driving assistance
systems for fatigue driving warning, and cumulative driving
time monitoring for long-distance-travel freight vehicles.

This study showed that the integration of GIS functions
with non-parametric data mining analysis based on decision
tree, which is capable of simultaneous modeling of quantitative
and qualitative data, is an effective approach to determine the
factors affecting the severity of accidents and to analyze the
spatial patterns of accidents in freeways.

The results of the study can be proved useful for
enhancing road safety in Iran. Further research could focus
on examining additional parameters such as geometrical road
characteristics, traffic parameters such as flows, speeds and
so on. Furthermore, different areas and regions in Iran could
be explored. In this case, other statistical methods could be
explored as well, for example, multilevel models.
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Fig. 1.Research Methodology
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Table 2.Spatial Analysis used in study
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Table 3.Description of variables in accident severity investigation

Toy i o
x5 St lbelas ¥ e Sliolas ) Slaolas wal Bon e
S5 skogll ae (Slish Sl L ls2 5 of Lulyd sheze Jalge
29 9 el gy e b Ll s
S g () (S g (P B g Ol (S Sy gl Luls
S50 (§ )15« FoSme Skl )8
9 Vb 5 g (Bl o9) mhvs 9 g (B (0588) (@b 9 2Vl g prdilas (opiins o e b e Jalge
(8 g (B w98 o5 5) (Sl
SlndsS ¢ j9ale 45 ¢ lyen adbais £55
Al g ¢ dlaw] ails ( S wls als g9
8,55 e f a3yl g3 dlpzme a3)b 5o ol &9
Fgdedion gl oS b gy
Sl (B b sl o ol @ sl ) ol & sl e 4 sl gl @ ol 09> 0 E ol
2o oy 30,95 e 513,65
oy o b i alg 955 5 ol (o8 b i alig 955 5 cool> 5l g3 b 5 S555 Solas g4
sl i alwsg iz b 4l Al 0 )95 1 candis
ool o > 5l @) pa>) ool LS il g yailis 598 w0l Wil Solay Jeee
006, 6-12,12-18 ,18-24 ol ol
draz 5 Azl b )le Aidan @iy Ay il L))
Nl 500 DS 5 aloe (ol 5 (Sows Sl Jolge ousl,

Ol o (Kolmods alold o 5 Su05 (53l (305 S 4,

axdllas 550 (slo 95w 00guzo o |, Slaolay slagSl STy, ogou
&l asgs S wliolas sla eols (ge;l azis 515,85 )y
G 3,500 g el 43,5 S Slolay (gilS ol asls
bl aejl s 0gd Bolas sl gils olulis Bro b
L oologhcngid ololyl jeme VWAB-IYA: lo Jlo cliolas
P sz 50 aless 005005 pasls bl a3l l ool
O SO0 o 090 o0 odoline a5 jghailan .ol ol 03]
Pz ol Bl gle Gugd g olpelil U5 lolas (6l aylues
Gl Ghils jeme cpl Glislas was o lid a5 el V)
el Gla e a5 canl o Silo &8lg0 s gl adgs
dwle Z o)lol a5 axgil il oo Sliolas 35 05 oo of ol
sass slis aS P—Value <0/001 ok i v g oo
a5 0gh oo doml ol Clolal mje8 o9 Bolal B)8 9,

(V-0 4 #) ail o o5 canllland g0 jeome o Slolay S
olyod & (295 @S dlnly yiite sl H9S e el aw (285 a3
Wo S pleol Zyo 4 e Clislay b (g8 wlislay 1A o)l
Slolay § Ol 4 e Gliolay diwe g0 4 Bud e g
CBS yial38l 6l adly 10 Wud (0 e D58 § i 4 e
ool maw cpaiz glhls Gos paie o5 Llee 0 Jo Giew
IFEYA 5V o1V 005 bows mhaw 90 4 Buas ke Canl 20
b Sy 5 Gi Golday sy 6955 b e ¥ Jsax

e o Gimles ) b

Sbolas SIS Judow gl -V -V
opl Slaal 5l (ool o Lil iy gla ise jo aS b les
Al oo dnlllas 5,50 jemme jo Bolal y slo S i BT
Ol a4 a8 S g0 e b Ll mls aslsl o

23,5 oo

\EANS



VEYA B VIR doxin AFAR Jlo & 0yl DY 093 6308 paol (o it 4y pii

Salann alols o 40355 uiloo (90)] aii F oo
Table 4.Result of Nearest Neighbor index
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Fig. 2.Result of Getis-Ord G" autocorrelation analysis in Qazvin-Loshan Freeway
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Fig. 3.Result of Kernel density function in Qazvin-Loshan Freeway
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Fig. 4.Classification and Regression Tree in the whole axis crashes
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Fig. 5.Classification and Regression Tree in the horizontal curves with high crashes
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Fig. 6.Crashes accumulation in the vicinity of horizontal bend in the freeway
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