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Abstract— The Geographic Information System (GIS) is a 

popular tool for visualizing traffic accidents as well as for 

their spatial analysis. Spatial analysis of traffic accidents is of 

great importance for understanding the conditions of an 

accident in order to plan preventive activities in a particular 

location. One of the most commonly used techniques is the 

Kernel method used to identify locations with high density of 

traffic accidents. In this paper a spatial-temporal analysis of 

traffic accidents with injured pedestrians is presented in the 

urban area of Novi Sad. Analysis period is of three years, 

2008-2010. 549 traffic accidents occurred in which 

pedestrians participated. The aim of this paper is to identify 

locations with high density of traffic accidents with injured 

pedestrians using the Kernel method in the ArcGIS 10.1 

package. 
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I. INTRODUCTION 

Spatio-temporal analysis of road accidents provides 

unique approach for consideration and monitoring of the 

state of the road safety. Identification of high density road 

accident locations presents first step in process of the road 

safety management. Road safety is one of the most 

important issues in the social community, particulary 

regarding vulnerable road users. The most vulnerable road 

users are pedestrians, that are characterised by reduced 

physical and motoric abilities, as well as specificity of their 

behaviour compared with other road users. 

Every year, more than 260,000 pedestrians were killed 

in road accidents, worldwide. At the global level, 

pedestrians compose 22% of the total amount fatalities, but 

in low-income countries this percent is much higher. More 

than one million people have been injured in road 

accidents as pedestrians, causing many to become disabled. 

These injuries cause pain and suffer, as well as economic 

losses for families and whole social community [1]. 

Patterns of road accident locations are different 

between countries. In high – income countries, road 

accidents including pedestrians, are usually occurred in 

urban areas. Karsch et al. [2] have shown that in the 

members countries of the Europe Union (EU) seventy 

percentage of fatalities have occured in urban area, and in 

the United States even more than three quarters. In the 

Great Britain, Petch et al [3] have conducted study, and 

found that young pedestrians in the urban areas are five 

times more frequently involved in road accidents 

compared with rural areas.  

In order to improve pedestrian safety on the roads, and 

provide safer environment, where pedestrian could 

perform his activites, it is the crutial to identify road 

segments with relatively high density road accidents with 

killed or seriously and slightly injured pedestrians. These 

locations are recognized as „hotpots“, that characterize 

high concentration of accidents with respect to distribution 

at analized area such as country, municipality, or traffic 

analysis zones [4] [5]. 

When it comes to spatial analysis of road accidents 

involving pedestrians the most favourable is Kernel 

Density Estimation (KDE) method, that has been widely 

applied for identification of locations with the highest 

density of road accidents [6] [7]. By utilization of the KDE 

method, road accident density can be represented as a 

plane where accidents are represented as dots in space, 

taking into account their number at each location. For each 

accident located at a particular location, the density surface 

is defined to take into account the density value, that is 

greatest in the center, and reduced when the density value 

moves away from the center [6] [8]. The KDE method is 

one of the most suitable methods for visualisation of traffic 

accidents as continuous surfaces [4]. 

The KDE method can be divided into two approaches, 

the planar and network methods. The first method takes 

into consideration Euclidean distance for estimation 

density of points. Previous research have shown that first 

approach could successfully applied in road accident 

analysis with the purpose of identification of high density 

locations [9] [10]. However, this method has significant 

limitations, because road accidents have occurred within 

road network, where hypothesis about two-dimensional 

space is not supported [7], and density of road network is 

neglected. Many studies have tried to overcome these 

limitations by applying the network method. The 

researchers have compared planar and network methods, 
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and highlighted advantages of the second [11] [12] [13] 

[14] [15]. However, the main limitation of the both 

methods is absence of proper statistical procedure for 

testing high density accident locations [7] [16] [17]. 

The network KDE method is based on the network 

distance and the measuring accident density within one-

dimensional space [18]. For this purpose, as extension to 

ArcGIS have been developed, and named SANET [19]. 

Recently, the network KDE method have been widely 

applied in identification high density accident location 

involving pedestrians [20] [21] [22].  

The main focus of the spatial analysis in this study have 

been visualisation of high-density accident locations in 

Novi Sad, where engineering, education, and enforcement 

countermeasures might be efficiently applied in order to 

improve road safety conditions for pedestrians. 

Accordingly, the purpose of this study is identification of 

high-density accident locations involving pedestrians in 

specific time periods. 

 

II. METHODOLOGY 

In this paper, a research was conducted in the urban 

area of Novi Sad. Novi Sad is the central gathering place 

for all traffic events in the area of Vojvodina. In the area 

of transportation, in this area there is a provision of roads 

of the highest hierarchical level of international 

importance, that is, state roads of the first and second order 

to almost all the countries in the region as well as 

subregions in central and southern Serbia. The most 

important fact is that the E-75 highway passes through this 

space, tangling the outskirts of the city. Regarding the 

traffic infrastructure at the municipal level, state roads of 

the 1st and 2nd order are provided through Novi Sad, 

where besides them the road network consists of about 880 

registered streets in the urban part of the city. The total 

road network of the city of Novi Sad is geo-positioned in 

the software package Arcgis 10.1, on the bases contained 

in the program. Only the road network in the urban area of 

the city is included in the analysis. 

 

 
Figure 1. Visualisation of geo-positioned road network in the area of 

Novi Sad 
Data on traffic accidents involving pedestrians were 

analyzed for a three-year period from 2008 to 2010 [23]. 

Two data sources were used in the process of data 

collection and aggregation, namely: (1) A Unified 

Information System (UIS) about traffic accidents of the 

Republic of Serbia and (2) daily police reports containing 

a detailed description of each accident. Within the database, 

the location of traffic accidents is based on two reference 

systems, which are kilometers of road accidents that occur 

on off-road roads and street names and accident numbers 

that occur in urban areas of the city. In the analyzed urban 

area of the city of Novi Sad, there were 549 traffic 

accidents involving pedestrians. All accidents are geo-

positioned so that each event is represented by a point on 

the map, and the precise position is defined based on the 

description from the daily police report. 

 

A. Network Kernel method 

The network kernel method is an extended, standard, 

2-D kernel method. A simplified form of a kernel density 

function in a 2-D space is called a planar kernel function 

and is calculated on the basis of the following pattern [7]: 

 

𝜆(𝑠) =  ∑
1

𝜋𝑟2

𝑛

𝑖=1

𝑘 (
𝑑𝑖𝑠

𝑟
) (1) 

 

The density of traffic accidents λ(s) at a given location 

s depends on the radius of the bandwidth (r) and the 

distance between the locations (dis) that model the 

underlying kernel function (k). Much research has focused 

on examining the influence of two key parameters in the 

plane kernel method, namely density function (k) and 

bandwidth radius (r) [24] [25]. 

The network kernel method is represented by linear 

projection as a form of network space. Instead of 

calculating density across surface units, which is the case 

with a planar kernel function, the network kernel function 

calculates a density based on linear units. The basic 

difference between a plane and a network kernel function 

is shown in Figure 2. Many previous studies have stated 

that the choice of a kernel function is not so important, so 

most care should be taken when choosing the bandwidth 

(r) included in the model [7] [12] [13]. 

 

 
Figure 2. Approach for identifying high traffic accident locations in 

the planar and network kernel method 

(Xie and Yan, 2008) 
 

In this paper, the network kernel method was used to 

estimate the density of traffic accidents on a spaced road 

network. As noted earlier, many studies have used the 

network kernel method developed by Okabe et al. [26] to 

examine the spatial correlation of events. Network kernel 

function is defined in two cases, when the center of the 

kernel function coincides with the intersection of two lines 



10 

 

on the network or is near the intersection and the other 

when the center of the kernel function coincides with the 

intersection of two lines [27]. Both cases are used to 

identify the density of traffic accidents, in which case the 

function is: 

 

𝐾𝑞(𝑝)

= {
𝑘(𝑑𝑠(𝑞, 𝑝))

(𝑛𝑖1 − 1)(𝑛𝑖2 − 1) ⋯ (𝑛𝑖𝑘 − 1)
0

    
(2

) 

 

for: 𝑑𝑠(𝑞, 𝑉𝑖𝑘−1) ≤ 𝑑𝑠(𝑞, 𝑝) <
𝑑𝑠(𝑞, 𝑉𝑖𝑘) 

for: 𝑑𝑠(𝑞, 𝑝) ≥ ℎ 

 

Where Kq represents the kernel function, q is the center 

of the kernel function, ds represents the shortest distance 

between two points, h is the bandwidth and n is the number 

of line intersections on the network. In this case, the value 

of the network kernel function is the same as the value of 

the planar kernel function, as long as the center of the 

function coincided with the intersection of the two lines on 

the network provided (0 ≤ 𝑑𝑠(𝑞, 𝑝) <
𝑑𝑠(𝑞, 𝑉𝑖1) . The value of the Kernel function in the 

event that its canter is near the intersection of two lines is 

distributed to the individual parts as shown in Figure 3. 

 

 
Figure 3. A example of the value of a kernel function distributed 

over equal parts of Okaba and Sugihar (2012). 
 

As mentioned earlier, it is very important to choose the 

right bandwidth for both the planar and network kernel 

functions. Adequate bandwidth represents the subjective 

judgment of the investigator. If a large bandwidth is 

selected in the analysis, the density in the space is 

represented as a flat surface, so it is difficult to distinguish 

locations with a high traffic density. Many studies so far 

have devoted themselves to determining bandwidth to best 

show the results of analysis [28] [29] [30]. Previous 

research used a bandwidth of 200m was selected to 

identify the density of traffic accidents and the cell size 

was 20m. The size of the cells allows us to divide the 

analyzed section into a smaller number of cells for further 

analysis. 

 

 

III. RESULTS 

In the urban area of the city of Novi Sad, from 2008 to 

2010, there were 549 traffic accidents involving 

pedestrians. In order to define more clearly the structure of 

traffic accidents involving pedestrians, geospatial analysis 

was performed for the total analyzed period. In addition, 

in order to show the time variations of traffic accidents, an 

analysis was conducted by days during the week as well as 

by hours during the day. In identification, the network 

kernel method was implemented in ArcGIS 10.1 software 

package, consistent with previous empirical research [13] 

[28] [31]. 

The results of identification hotspot locations with 

pedestrian involvement for the total analyzed period 

showed that the highest number of accidents was recorded 

at locations where high exposure of vehicles and 

pedestrians occurs (Figure 4). The largest number of 

identified high-traffic accident locations in which 

pedestrians were involved were distributed along Bulevara 

Oslobodjenja. Also, a large number of accidents are 

noticeable in the central part of the city in the streets: 

Jevrejska, Uspenska, Futoška as well as along Bulevara 

MIhaila Pupina. In addition to the central part, there are 

also streets with increased traffic intensity, such as street's 

Bulevar Cara Laraza and Radomir Rasa Radujkova. 

 

 

 
Figure 4. Visual representation of hotspot locations with pedestrian 

involvement in the city of Novi Sad. 
 

Geospatial analysis of traffic accidents involving 

pedestrians was carried out according to certain time 

periods, by days of the week and by time distribution. 

When it comes to days during the week, the results are 

shown for weekdays and weekends (Figure 5. a-b). During 

weekdays, the highest number of high-traffic accidents 

locations are along street Bulevar Oslobodjenja, especially 

at the intersection with other city roads. Also, locations 

were identified in the city's central zone in the streets 
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tangent to the pedestrian zone (Figure 5a). Weekend days 

are characterized by the fact that pedestrian exposure is 

much lower than on weekdays. Other locations were 

identified on city roads where vehicle flow was 

significantly higher (Figure 5b). 

 

 
a) Working days 

 
b) Weekend days 

Figure 5. Visual representation of the hotspot locations with the 

pedestrians during weekdays and weekends 
 

The variability of traffic accidents by time periods 

during the day was analyzed for specific time intervals 

during the day. Prior to the analysis, the day was divided 

into four periods, namely the periods 00:00-05:59, 06:00-

11:59, 12:00-17:59 and the period from 18:00-23:59. 

Periods are determined based on assumptions about 

specific pedestrian activities during the day. The first 

period in the analysis is characterized by night conditions 

in which there is very little exposure to vehicles and 

pedestrians. During this period, the highest number of 

high-density accident sites spread along street's Bulevar 

Oslobodjenja, especially at points where the intersection 

with other city roads is located. In the second period, more 

mobility of road users is evident, which in turn contributes 

to an increase in the number of traffic accidents. These 

periods are characterized by locations that are 

characterized by the density of accidents, mainly in the 

vicinity of administrative zones and central activity zones. 

 

 
a) Time period from 00:00-05:59 

 
b) Time period from 06:00-11:59 

 
c) Time period from 12:00-17:59 

 
d) Time period from 18:00-23:59 

Figure 6. Visual representation of hotspot wheel locations with 
pedestrian involvement during daytime 

 

IV. DISCUSSION AND CONCLUSION 

The very process of identifying traffic accident 

hotspots is the first and it is the main step in the process of 

road safety management. In recent years, road safety has 

been one of the challenges faced by the society, especially 
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when it comes to traffic accidents involving pedestrians. 

Although the number of accidents involving pedestrians 

has been decreasing in recent years, this problem is still 

relevant and requires detailed consideration. 

In the aim of improving pedestrian safety, the process 

of identifying the road sections with evidently high traffic 

accidents density is crucially important. Therefore, it is 

necessary to conduct a geospatial analysis that enables 

presentation of the specific locations with high density of 

traffic accidents involving pedestrians in the urban area 

and according to different temporal attributes. This enables 

consideration of the paths that provide an answer to the 

question of when and where would it be the most effective 

to implement the appropriate measures, which provides a 

huge decision-making assistance to road safety 

stakeholders. 

The application of various methods based on the GIS 

software package enables visualization and analysis of 

geo-positioned data. The best known method of 

identifying locations with high traffic accidents density is 

the Kernel method. The Kernel method can be applied in 

two different ways, and this is represented in two-

dimensional and one-dimensional space. The paper 

presents a network kernel method, represented in one-

dimensional space. The advantage of this method is in the 

fact that it analyzes simple linear units. The linear units 

incorporated for the purpose of making this paper have 

been separately geo-positioned, with the line representing 

the road and the point representing a traffic accident, 

which is consistent with the other research studies [11] [12] 

[13] [31] [32]. 

Following the network kernel method, the results of 

this paper have shown that the majority of locations with 

high density of traffic accidents involving pedestrians 

occur on the state roads and main routes running through 

the urban area. Very high exposure of the traffic 

participants occurs on these roads, and this complicates the 

functioning of urban traffic in the urban area and it 

significantly contributes to the increase in traffic accidents. 

In order to quantify the risk and to identify the hot spots, it 

is necessary to obtain accurate data of the measure of 

exposure of all traffic participants. 

The limitations of this research are related primarily to 

the quality of the databases. This applies to geo-

positioning of the data itself, i.e. determining locations of 

traffic accidents. Collecting data by recording the 

coordinates on the spot by police officers would greatly 

simplify the process of geo-positioning. Other limitations 

are related to the lack of certain data, as pointed out in the 

previous section. In order to eliminate these limitations, it 

is necessary to collect the relevant data and conduct a 

better and a more reliable analysis by the use of other 

methods. 

The directions for further research could be pointed 

towards the development of spatial autocorrelation of geo-

positioned data, as well as towards the application of other 

methods for spatial analysis of traffic accidents, so as to 

provide useful information to the planners in the area of 

road safety management. 
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