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Abstract. There are many factors that influence accidents and their severity. They can be grouped within 
the system of man, vehicle and environment. The article focuses on how GIS tools can be used to manage 
road infrastructure safety. To ensure a better understanding and identification of road factors, GIS tools help 
with the acquisition of road parameter data. Their other role is helping with a clear and effective 
presentation of risk ranking. GIS is key to identifying high-risk sections and supports the effective 
communication of safety levels. This makes it a vital element of safety management. The article describes 
the use of GIS for the collection and visualisation of road parameter data which are not available in any of 
the existing databases, i.e. horizontal curve parameters. As we know from research and statistics, they are 
important factors that determine the safety of road infrastructure. Finally, new research is proposed as well 
as the possibilities for applying GIS tools for the purposes of road safety inspection. 

1 Introduction 
In the last decade nearly 65,000 people were killed and 
more than 700,000 were injured in Poland’s road 
accidents. Each year more than 70,000 road users fall 
victim to road traffic. World Bank experts estimate that 
each year Poland loses 2.7 % of its GDP due to road 
accidents. Despite a clear reduction in fatalities in recent 
years, about 3,000 people are killed in accidents on the 
entire road network. With a demographic rate (number 
of fatalities per population) of 10, Poland is the EU’s 
worst performing country. There are many factors that 
influence accidents and their severity. They can be 
grouped within the system of man, vehicle and 
environment. The article focuses on how GIS tools can 
be used to collect, analyse and visualise roadside factors 
which may lead to accidents. To ensure a better 
understanding and identification of road factors, GIS 
tools help with the acquisition of road parameter data. 
Their other role is helping with a clear and effective 
presentation and communication of risk and risk ranking.  

2 GIS in road transport 
In the early 1960s GIS technology was used to create 
digital cartographic resources offering a spatial 
presentation of specific features. As the system evolved, 
GIS was able to present the dynamics of phenomena in 
terms of time and space [1].  It is based on the concept of 
overlaying different mapped features on top of each 
other to determine patterns and causes of spatial 
phenomena [2]. A geographic information system (GIS) 

by linking attribute data to spatial data can now be put to 
use in a number of fields, including transport. 

Many countries utilize Geographic Information 
Systems (GIS) to manage existing transport resources 
and enhance the effectiveness and efficiency of transport 
operations. Most researchers found that GIS brings 
efficiency in data handling and effectiveness in data 
analysis. The development of GIS applications to road 
accident analysis has also become a trend [3]. GIS 
enables a new method in organizing geographical data 
through its database management system that facilitates 
the storage, organization and retrieval of digital records 
[4]. The literature includes a number of examples of how 
GIS can be used in road safety management [5][6][7][8]. 

As regards road transport, GIS applications range 
from simple maps presenting a specific feature (number 
of cars, accidents, road density, etc.) in terms of space to 
maps presenting the time and space dynamics of how 
certain phenomena change. The tool is commonly used 
for visualising transport data which are collected for 
official databases such as Central Statistical Office 
databases (fleet size, fuel prices, etc.) or SEWIK 
(Accident and Collision Reporting System, number of 
accidents to identify black spots or black zones) [7]. GIS 
can be used for accident analysis to examine spatial 
characteristics of accident locations. Point-in-polygon 
overlays link the characteristics of the surroundings to 
the characteristics of the accident. GIS is used as a tool 
for studying the relation between factors or the effect of 
factors and events and processes such as  the relationship 
between average speed, speed variation, and accident 
rates [6] where GIS tools are used to achieve the 
appropriate data and derive the weight matrix among 
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neighbouring segments which is necessary for the spatial 
model. More complex analyses, e.g. the effects of 
characteristic factor features (roadside, type of road 
surface, road geometric parameters, etc.) on the 
occurrence of an incident are made possible by point-on-
line overlays in which attributes of the road 
infrastructure can be added. Analyses such as these are 
an important part of risk management (Fig. 1). The role 
of risk assessment is to improve road transport safety 
and define the priorities for public health and public and 
individual safety [9].  

 

Fig. 1. Diagram of road risk management [11]. 
 

In Poland GIS tools are used for safety management 
at two levels. The first level is designed to identify the 
exact location of accidents (the Police have only been 
using GPS for this purpose for three years) and present 
the effects of road accident database exploration by 
visualising them on dedicated maps (of countries, 
regions, counties) of road sections. The result is a clear 
depiction of different types of risk rankings by area, road 
network or section. 

The second level is designed to collect and visualise 
road parameter data which are not normally covered in 
any of the available databases. Tools are needed to 
ensure that road factor data can be sourced effectively 
for inclusion in road safety models. These include GIS 
tools because they can acquire data from the road 
network automatically, especially as regards geometric 
parameters. 

3 Road infrastructure safety 
management (RISM) 
The objective of road safety infrastructure management 
(RISM) is to ensure that when road infrastructure is 
planned, designed, built and used road risks can be 
systematically identified, assessed for their consequences 
and eliminated or mitigated. The consequences are 
measured with the number of accidents, injuries, 
fatalities and road accident costs. To build RISM tools, 
we can build on the requirements set out in Directive 
2008/96/EC [10]. It covers both planned and existing 
road networks. Poland introduced these requirements a 
few years ago.   
Because GIS is vital to identifying high-risk sections and 
effectively communicating safety levels, it plays a key 
part in the process of safety management. 

4 Examples of gis applications 
Poland’s first application of risk management as part of 
highway engineering goes back to 2006, when it joined a 
collaboration with EuroRAP (European Road 
Assessment Programme). Next, in 2008 as work on the 
Road Safety Programme for National Roads until 2013, 
“National Roads GAMBIT” progressed, a suggestion 
was made to base national roads safety management on 
risk management methods [12]. Risk maps attracted 
increasing interest from the media, politicians and road 
users and were made available on Polish and EuroRAP 
websites. The maps are still in use today. They inform 
motorists about the risk on the road network (national 
and local roads). This helps them choose the lowest risk 
road and be extra careful when using high-risk sections. 
In addition, the maps help road authorities with making 
informed decisions about possible safety treatments. The 
maps also highlight the differences in safety levels 
across Poland’s national roads and in other countries.  

Poland did not do well in such comparisons. Because 
the results were published at the European forum, road 
authorities and traffic managers were forced to take more 
effective action to reduce risk on national roads. Fig. 2 
shows a comparison of individual risk maps (measured 
as concentration of serious accidents) for national roads. 
The progress of recent years is clear with fewer very 
high-risk (black sections) and high-risk sections on 
national roads (red sections).  

 

Fig. 2a. Maps of individual risk on the network of national 
roads: 2005 – 2007 years [18]. 
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Fig. 2b. Maps of individual risk on the network of national 
roads: 2010 – 2012 years [18]. 
 

Because fatalities on regional roads are much lower 
compared to national roads, the fatality criterion of road 
safety is simply not enough. Societal and individual risk 
is assessed by studying road deaths and serious injuries. 
This approach is in line with the EU’s strategy [13] and 
Poland’s 2013 National Road Safety Programme for the 
Years 2013-2020 [14]. Fig. 3 shows individual risk in 
terms of accident cost concentration (accident costs 
versus kilometres travelled) on regional roads and Fig. 4 
shows societal risk (fatalities and serious injuries) by 
poviats. The data cover the period between 2012 and 
2014 [15]. 

 

 

Fig. 3. Map of individual risk on regional roads [15].  
 

 
 

Fig. 4. Map of societal risk by poviats [15]. 

5 Road data for modelling hazards  
One of the key requirements for an effective and 
efficient management of road infrastructure, both 
existing and planned, is availability of data on the level 
of risk and road safety on road networks, sections or 
junctions. The relevant decisions must be supported with 
a good understanding of the current road safety and the 
hazard that may impact safety over the coming years. 
[16], [17]. 

With access to data on accidents and traffic, we can 
calculate the risk measures which will help us to identify 
safety levels on selected elements of the road. Sections 
can then be identified where accident risk, fatalities and 
injuries are the highest [18]–[20]. 

Key to safety management is verifying the available 
data. As an example, by carefully verifying SEWIK data 
for the region of Warmińsko-Mazurskie in 2013 [21], it 
was possible to improve the accuracy of road category 
data by 30 % (Fig. 5). This was achieved by using road 
records, GPS coordinates and other information. 
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Fig. 5. Effects of road accident data verification in Warmińsko 
– Mazurskie [21]. 

 

E3S Web of Conferences 26, 00009 (2018)  https://doi.org/10.1051/e3sconf/20182600009
2017 BGC 

3



 

Effective road safety management is also ensured by 
using data on elements of the roads. The set of 
independent variables that have an effect on the number 
and variability of section-related road safety measures is 
quite broad. Road safety models are built using variables 
of road horizontal alignment in connection with 
horizontal curves. 

6 Parameters of horizontal curves 
Up until now Poland’s models of road safety measures 
have not included the parameters of horizontal curves 
because the relevant data are difficult to obtain. While a 
large part of the models contain variables that include 
road geometry parameters, it is not clear how they 
impact road safety [22]. This was addressed in previous 
research [22], but the samples were not big enough. 
Road curvature is included in models that represent long 
sections (10-50 km) [23]. Parameters of horizontal 
curves are particularly important in Poland due to a high 
number of fatalities involved in run-off-road accidents. It 
is estimated that app. 40 % of deaths involved in run-off-
road crashes occur within the area of horizontal curves. 
It is clear from the statistics how serious the problem is – 
a combination of horizontal curves with dangerous 
roadsides. With app. 20 % of all fatalities being the 
result of run-off-road accidents, mitigating this hazard 
becomes a priority. Horizontal curves and their 
parameters have a strong impact on road safety 
[24][25][26][27][19][28][29]. Horizontal curves are 
strictly related to speed and visibility [30]. Speed profile, 
profile and curvature of vehicle trajectory on horizontal 
curves are affected by road qualitative features such as 
radius, angle of turn, width of road and road surface 
condition as a result of the weather (dry and wet road 
surface) [31]. Limited sight distance involves hazards 
such as junctions within horizontal curves, elements of 
road interchanges (ramps), pedestrian crossings, etc. 
There may be additional hazards as a result of the 
demand for overtaking when speed dispersion is high. If 
sight distance is limited, this may lead to head-on 
collisions. 

All these hazards and statistics show that on average 
in a year app. 10 % of all accidents and 14 % of all 
fatalities on Polish roads occur on horizontal curves 
(app. 400 fatalities). Because it is such a serious 
problem, road safety models must be enhanced to 
include horizontal curves.  

7 Methods for data acquisition  

Research conducted by the authors shows that there are 
other factors that affect safety on specific road sections 
which have not been studied in-depth so far. These 
factors include the number of horizontal curvatures as a 
sequence of connected curves, horizontal geometric 
parameters of curves, direction of movement on the 
curve and the total length of the curvature of curves.  

To determine how these problems affect road safety, 
road sections have been selected for in-the-field research 
(national road no. 20, pomorskie region, lenght 20 km).  

One strand of the authors’ work is building and 
testing a system for an effective horizontal curve data 
acquisition. The other equally important strand is 
analysing the data for use in the process of road safety 
model design. This should help select the right 
treatments. 

Road sections were selected for data registration 
using the designed system. The results were then verified 
on those sections [32]. Fig. 6 shows a test section.  
  

 
Fig. 6. A road section which was part of the inventoried 
measurements [32]. 
 

The experimental apparatus consists of two types of 
sensors. The first group is made up of three integrated 
digital cameras. The second includes a mobile RTK 
receiver (Leica Viva CS15) with a built-in GSM to 
ensure access to corrections made available by RTK 
reference stations. During the experiments adjustments 
were sourced from the ASG – EUPOS network. The 
positions registered by the receiver were transmitted in 
real time to a portable computer with ArcGIS software. 
Once collected, the data were checked for technical 
correctness. The checks looked at horizontal coordinates 
and registration errors. The idea was to determine 
whether the registered points put on the road’s current 
orthophotomap are within its boundaries or not. 

The data were then used to determine curve sections 
and analyse the parameters of the curves. The basic 
parameter of each curve was its length and whether it 
linked into a subsequent curve. The number of accidents 
on a particular road section provided a good background 
for its characteristics. 

Road curvature analysis helped to develop an 
algorithm for determining road sections considered 
curves and their parameters, i.e. curve radius and curve 
length. The point of departure was the assumption that 
curvature length is an important road safety factor.  

8 Conclusion  
GIS tools support the acquisition of road parameter data. 
So far Poland’s road safety models have not covered 
selected elements of road network such as horizontal 
curves. By using GIS we can present risk ranking in a 
clear and effective manner and better communicate the 
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risks. This makes the tools a vital element of road 
infrastructure safety management. The next stage of the 
research and GIS tools application will be to use them in 
road safety inspection procedures, which is one of the 
road infrastructure management procedures that Poland 
implemented three years ago. This needs further 
development and improved effectiveness and efficiency.  

Finally, the research should end in building a 
comprehensive model of the effects of road parameters 
on road safety measures using GIS techniques. 
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