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Abstract- In this a literature review is given of the methods and techniques that are used to analyse black spots and black zones. 

Although, no universally accepted definition of a black spot or black zone is given, these locations will in general be described 

as high risk accident locations. In this context, several statistical models are described in literature to model the accident 

frequency and accident severity. 
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I. INTRODUCTION 
 

Today the most negative effects of building and 
developing transportation systems are related to road 

accidents with live losses. The social and economic losses 

are another costs added to road accidents. Implementation 

of safety measures are costly, although all of it has a 

positive net benefit, but restricted funds put limitations on 

the number of sites that may be treated. Therefore, it is 

necessary to define the priority of the high risk sites and 

their related safety measures in order to utilize the limited 

fund as effectively as possible.  

 

This article aims to compare two different accidents' black 
spot (BS) identification techniques; the sliding window 

(SLW) screening method and the spatial auto-correlation 

(SPA) method, considering crash data on two types of 

roads that have almost similar characteristics but differ 

significantly in their average speed, and applying the 

empirical Bayesian (EB) as an evaluating third method. In 

previous literatures, it was claimed that the length of road 

segments used for identifying BS as in SLW method have 

a substantial influence in determining the real dangerous 

accident locations and consequently could result in many 

false positive (i.e. a site involving in safety investigation 

while it isn't needed) or false negative (i.e. not involving a 
site in safety investigation while it is needed).  

 

Therefore, different clustering techniques have been 

developed in order to tackle the problem by identifying the 

minimum real length of BS locations. However, if we 

consider the basic objective in identifying the road 

accidents BS, it is to find a point, an object or a small 

section in a road that cause all of these dangerous 

accidents. Therefore, using clustering techniques can be 

more useful in reducing the length of the study BS area by 

detecting the exact location of accidents' spatial 
aggregation. However, this can only be accepted if we 

considered that all accidents in different road types occur 

under the same low speed situations and resulted in more 

accident aggregation. But, unfortunately the situation is 

not so easy like that, where accidents that occur from high 

speed vehicles can result in more scatter distribution 

pattern (as a result of high speed) from the same causes, 

which reduce the efficiency of applying any clustering 

techniques. 

 

II. OBJECTIVES OF THE PRESENT 

RESEARCH WORK 
 
The objectives of the present research can be divided into 

four parts namely  

 Identification of black spots and to suggest their 

remedies.  

 Developing suitable statistical model for the analysis.  

 Identifying the causes of accidents through survey based 

on questionnaire. 

 

III. PREVIOUS METHODOLOGY 
 

The model described in this paper requires a map of the 

desired road network digitized in a suitable form and 

certain specified road attributes to carry out prioritization 

The analysis then identifies accident black spots on the 

given road network.  

 

While carrying out the analysis the model only 

incorporates the road related factors such as road 

geometries, which lead to accidents.  

 
The factors considered for evaluating accident prone 

locations on road are as follows:  

 Road width.  

 Number of lanes.   

 Approximate number of vehicles per day.  

 Type of road.  

 Drainage facilities.  

 Surface condition of the pavement. 
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 Frequent vehicle type. 

 Presence of shoulders, edge obstructions, median 

barriers and ribbon development.  

 Radius of horizontal curve.  

 

In order to model the mentioned factors and achieve the 

desired result, a step-by-step procedure as given below is 

adopted.  

 Scan the map containing the desired road network and 

input this image to ARC VIEW for digitizing.  

 Digitize the road network with due considerations for 

separation of every link and assign id number to every 
link.  

 Specify the attributes for every road link using the 

questionnaire provided.   

 Export the road attribute table generated in dbase format 

so that it can be imported by Arcview.  

 Join the road attribute table to the digitized road map 

and prioritize the road network for accident occurrence 

using total weights assigned to every link. 

 

IV. LITERATURE REVIEW 
 

Harizi Riadh, Ouni Fedy and M'rïhi Rafaa: The road 

accidents are realized in dangerous locations which 

qualified as “black spots” or “black zones”. Actually, their 

technical and analysis methods identification become an 

important issues for the road safety research (Exploratory 

Spatial Data Analysis).  

 
In this paper, we identify the spatial concentration places 

of the road accidents “black zones” using the Spatial Data 

Analysis Method (Moran’s I and Getis-Ord ). Our results 

show that the black zones number detected is higher than 

the claimed one’s by public authorities (20 black zones 

against 9 black spots).  

 

Furthermore, this method allows a real classification of 

these areas. Thus, the black zones are classed by their 

danger degree. We show that black zones length detected 

by our methods is less important than the one’s detected 
by public authority of road safety (2000 meters against 

7000 meters).  

 

This implies that it is possible to reduce the insecurity cost 

by 71%. Moreover, our proposed classification gives a 

priority order in terms of the public expenditure required 

to secure infrastructure. 

 

Huayun Chen: In general, the location of traffic accidents 

is described as an address with text, so they are difficult to 

display on the map. The paper discusses how to utilize the 

geocoding technology and VRS-GPS positioning 
technology to record the traffic accidents with Geo-spatial 

information. Based on the spatial relationship between 

traffic accidents and road net-work elements, two-way 

association relationship is defined by spatial relationship 

computation. Then the paper presents the method which 

takes the potential of reducing accidents as an index to 
extract the black spots.  

 

Finally, in the discus-sion, the association relationship 

between black spots and traffic attributes is used to 

analyze the factors that resulting in traffic accidents. 

 

Deelesh Mandloi: Road safety is a major concern in the 

present situation. There are many steps required to achieve 

the road safety measures. This paper presents a method by 

which the accident-prone locations on roads, commonly 

termed as accident black spots, can be identified. The 

methodology incorporates a model which implements 
prioritization of roads for accident occurrence, followed 

by analysis using a Geographic Information System (GIS).  

 

The GIS software used for this purpose is ARCVIEW 3.1. 

The various factors required for the analysis are modeled 

using Microsoft Visual Basic6.0 and Microsoft Visual 

C++6.0 software packages. The model is applied to the 

road network in the BITS PILANI campus and the results 

obtained are analyzed to check the accuracy of the model. 

 

Rajiv Gupta, Senior Professor: Recent  reports  by  
World  Health  Organization  (WHO) indicate India has  

highest  number of  fatal  accidents. Main concern,  

regarding  road  safety  in  a  developing  country, further  

amplifies  in  absence  of  proper  framework  to analyze  

the  accident  related  data  and  produce  solutions towards  

the  same,  using  modern  tools  &  techniques,  in semi-

urban  or  rural  setting.   

 

This  paper  is  an  attempt  to develop  data  analysis  tools  

that  can  help  prioritize  the study of the most accident 

prone intersections amongst all the  intersections  in  the  

study  area,  in  order  to  produce feasible  solution  to  
prevent  accident  growth  rate  from surging. 

 

Madan L Honnappanavar: The growth in the number of 

vehicles is a direct result of rapid growth of population 

and increased economic and technological development. 

But unfortunately, the corresponding growth in the road 

network has not  been  commensurate  with  the  huge  

growth  in  vehicular  population.  Without  adequate  and  

timely maintenance, roads deteriorate excessively  leading 

to  high vehicle operation costs and increase in number of 

accidents.   
 

The  location  where  there  is  possibility  of  occurrence  

of  accidents  is  known  as  blackspots. Identification of 

these blackspots on highway has always been challenge to 

highway engineers. Several methods have been tried to 

detect the locations with high rate  of accidents in order to  

reduce the accidents. There are statistical methods,  which 

are helpful in  the identification of  these blackspots, but 

fail  to identify the  reason behind it. The success of traffic 

safety and highway improvement programs hinges on the 

analysis of accurate and reliable traffic accident data. 
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The study discuses the present state of traffic accident 
information on SH-85 from Tavarekere to Magadi Town 

in  Karnataka State.   

 

It shall also  discuss the  identification of blackspots by 

using Weighted Severity Index method. GIS Software is 

used in analyzing and prioritizing the blackspots. An 

attempt is also made to mitigate the blackspots by some 

engineering measures to provide an improved traffic 

safety. 

 

Alireza Toran pour: In safety studies, accident black spot 

refers to a place with a record of large number of crashes 
or crashes with high severity. Identifying road accident 

black spots assist traffic engineers in working on these 

areas to decrease number of traffic accidents and reduce 

crash severities. Different approaches exist in the literature 

to identify the accident black spots.  

 

However, road accident black spots must be recognized 

according to crash statistics and the factors influencing 

road accidents. From 2008 to 2012, about 9,800 accidents 

occurred each year in Melbourne metropolitan area. In 

these accidents, cars (Passenger cars, utilities and vans) 
were involved in 81% of accidents, and motorcycles and 

bicycles involved in 7% of accidents. In addition, trucks, 

buses and trams involved in 3.5%, 1% and 0.4% of 

accidents, respectively.  

 

The aim of this research is to use Geographical 

Information Systems (GIS) and Kernel Density Estimation 

(KDE) to find the spatial patterns of accidents in 

Melbourne metropolitan area for different type of vehicles. 

This paper also identifies important factors influencing 

these accidents. Using KDE and other spatial statistic tools 

enable us to find the crash risk distribution in road 
networks and allocate our resources to improve safety in 

these crash hot spots. 

 

Aditya Medury: Network screening techniques are 

widely used by state agencies to identify locations with 

high collision concentration, also referred to as hot spots. 

However, most of the research in this regard has focused 

on identifying highway segments that are of concern to 

automobile collisions.  

 

In comparison, pedestrian hot spot detection has typically 
focused on analyzing pedestrian crashes in specific 

locations, such as at/near intersections, mid-blocks, and/or 

other crossings, as opposed to long stretches of roadway. 

In this context, the efficiency of the some of the widely 

used network screening methods has not been tested.  

 

Hence, in order to address this issue, a dynamic 

programming-based hot spot identification approach is 

proposed which provides efficient hot spot definitions for 

pedestrian crashes. The proposed approach is compared 

with the sliding window method and an intersection 

buffer-based approach. The results reveal that the dynamic 
programming method generates more hot spots with a 

higher number of crashes, while providing small hot spot 

segment lengths.  

 

In comparison, the sliding window method is shown to 

suffer from shortcomings due to a first-come-first-serve 

approach vis-à-vis hot spot identification and a fixed hot 

spot window length assumption. 

 

Yannis et al 2007 & 2010: Improved multilevel negative 

binomial models to inquire in to the effects of the strength 

of the police enforcement on the number of road accidents 
during 1998-2002 at regional level in Greece and national 

level. The enforcement of alcohol developed the road 

safety in Greece as per their findings. 

 

Haneen Farah: Revealed that driver characters, geometric 

design and traffic had an important contribution to 

accidents risk using probit regression model stating less 

time to collision and model has been improved based on 

drivers passing decisions using an interactive driving 

simulation on two lane rural highways.  

 
Accident prediction models and accident modification 

factors(AMF) for multilane roads by considering lane 

widths, type, median width, and shoulder width have been 

evolved by NikiforosStamatiadis et al2010. It has been 

observed that increased shoulder width had an affirmative 

effect on accidents and larger shoulder width has led to 

decrease of accidents on divided highways. 

 

Wichuda KOWTANAPANICH: A black spot treatment 

program is one type of safety improvement program that 

can deal with accident occurrences reactively. However, 

implementation of such program requires relevant accident 
data, which are normally unavailable or limited in 

developing countries.  

 

Thus, this paper proposes a supportive approach (public 

participation approach) to overcome this hindrance. The 

objective is to demonstrate how a public participation 

approach can be used to assist in identifying black spot 

locations through the framework of an Accident Public 

Participation Program (APPP). The real world applications 

of such a program are presented through a selected case 

study in Khon Kaen City, Thailand. By contrasting the 
findings obtained from the proposed framework with those 

obtained from the classical approach in this field, 

feasibility, validity, and effectiveness of the program are 

revealed.  

 

The findings indicate statistically significant agreements 

between the two datasets. This implies that residence can 

identify locations where accidents occurrences are 

unusually high and their input is potentially useful for the 

identification process. In addition, besides the indirect 

benefits to creating public awareness, the proposed 
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methodology is potentially useful as a means for both 
speeding up and economizing the black spot locations 

identification process. The paper is unique because the 

merits of several professionals in fields such as social 

science, engineering, and medicine are harmonized to 

achieve success in a safety improvement program. 

 

Apparao. G, P. Mallikarjunareddy Dr. SSSV Gopala 

Raju: In some countries where the economies are weak, it 

becomes crucial for those concerned with developmental 

policies to adopt approaches which will ensure that every 

single cent available is used to develop the country. In 

those fields to facilitate a conductive environment for 
economic development. Road traffic accidents have been 

recognized as one of those adverse elements which 

contribute to the suffocation of economic growth in the 

developing countries, due to the high cost related to them, 

hence causing social and economic concern. So Traffic 

safety is an important key and integral role in sustainable 

transportation development areas.  

 

Now days, the main negative impact of modern road 

transportation systems are injuries and deaths in road 

accidents. The success of traffic safety and highway 
improvement programs hinges on the analysis of accurate 

and reliable traffic accident data. This study discuses the 

present state of traffic accident information on NH-58 

from Meerut to Muzaffarnagar in Uttarakhand State. It 

shall also discuss the Identification of high rate accident 

Locations by using GIS Software and safety deficient 

areas on the highway.  

 

So, implement the remedial measures to those accidental 

locations (Black Spots) and provisions for traffic safety. 

 

1. Scope of Analysis: 
A review of the scope of analysis in accident involvement 

models indicated that most researchers have chosen to 

analyse specific accident models.  

 

For example, Saccomanno et al (1989), Saccomanno and 

Buyco (1988), Jovanis and Delleur (1983) and Mountain 

et al (1998) have analysed specific accident locations such 

as links or intersections. Other researchers such as 

Saccomanno et al (1989), Saccomanno and Buyco (1988), 

Jovanis and Delleur (1983), Blower et al (1993), Miaou 

(1994), Chirachavala and Cleveland (1985), Glauz and 
Harwood (1985), Wood and Simms (2002) and Valent et 

al (2002) have studied specific vehicle types such as large 

trucks.  

 

Very few researchers studied general accident 

involvement models. For example, Shankar et al (1995), 

Persaud (1990), Hadi et al (1995), Wood and Simms 

(2002) and Valent et al (2002) have analysed all vehicle 

models. Other researchers such as Blower et al (1993), 

Persaud (1990) and Hadi et al (1995) have combined link 

and intersection accidents in their research. 

Black spot safety work can be described as the task of 
improving road safety through alterations of the 

geometrical and environmental characteristics of the 

problematic sites in the existing road network. More 

specifically, this task involves targeting and treating 

intersections and road sections with an unusual high 

number of accidents, the so-called black spots. Vistisen 

(2002) explains that this work may be divided into three 

phases.  

 

These phases will be further described in the following 

sections.  

 Targeting hot spots on the road network.  

 Prioritising the hot spots to treat with safety improving 

measures. 

 Before and after studies of the effect of treatment.  

 

Furthermore, there are four basic approaches to reducing 

crashes by applying engineering treatments or counter 

measures (The Bureau of Transport and Regional 

Economics of Australia (2001)):  

 Single sites or black spots-treating specific sites or short 

sections of road;  

 Route action-applying known remedies on a route with 
an abnormally high crash rate; 

 Area-wide action-applying several treatments over a 

wide area; and  

 Mass action-applying a known remedy to locations with 

common crash problems or causal factors. 

 

However, jurisdictions do not rely solely on crash history 

to identify black spots and prioritise them for treatment. 

Local knowledge and judgment are used as well as 

statistical information. 

 

2. Targeting And Ranking Black Spots: 

As described by Virtisen (2002), locations were ranked at 

first according to their reported number of accidents. 

Locations with a number exceeding a chosen threshold 

value were targeted as hot spots (see e.g. Jorgensen 

(1966)).  

 

This method is very sensitive to random variation in 

accident counts and to the regression to the mean problem 

(see e.g. Hauer (1986), Elvik (1997)). Therefore, the 

expected number of accidents, estimated from a model 
was used instead.  

 

However it is well established that, in general, there are 

considerable differences between the expected number of 

accidents at different types of intersections and road 

sections. This may be inexpedient, as the most effective 

solution will end up altering the location into a different 

road type. Such alterations are often too expensive and/or 

impossible.  

 

Instead, McGuigan (1981) suggested ranking sites 

according to their potential for accident reduction (PAR), 
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which is the difference between the reported number of 
accidents at a location and the expected number at 

locations with similar characteristics. Persaud et al. (1999) 

suggested using an empirical Bayes estimate instead of the 

accident count in PAR. Persaud et al. used a Poisson-

gamma generalized linear model with characteristics such 

as traffic flow and various geometric variables.  

 

In Saccomanno et al (2001) the results of a multivariate 

Poisson regression models and Empirical Bayesian 

methods are compared for establishing the potential for 

accidents and designating safety black spots along a 

highway. The Empirical Bayes model was found to yield 
fewer black spot locations than the Poisson regression 

model.  

 

The task of targeting black spots may be viewed as a 

ranking and selection problem (see e.g. Dudewicz and 

Koo (1987)) and parallel with the PAR-method, Gupta and 

Hsu (1980) introduced the so-called probability of correct 

selection (PCS). In a group of locations a subset is targeted 

as hot spots, if the probability of hereby selecting the site 

with the largest expected number of accidents (the ‘worst’ 

location) is above a chosen threshold value.  
 

Later Hauer and Persaud (1984) derived the probability of 

correct selection for a Poisson-gamma model. However 

the PCS in Hauer and Persaud was used as a measure of 

the overall efficiency of the targeting method and not 

directly used for targeting hot spots. Schlütler et al (1997) 

derived the PCS for an individual site as the posterior 

probability of being ‘worst’ in a Poisson-gamma model 

with no location characteristics. Heydecker and Wu (2001) 

later extended the PCS measure in Schlütler et al to 

include location characteristics and defined PCS as the 

probability of the Poisson rate exceeding a chosen 
threshold.  

 

A few alternative methods for targeting black spots have 

been proposed. For a given treatment measure, Heydecker 

and Wu (1993) suggested ranking sites according to the 

posterior probability that accidents occurring at the 

location involve the feature the measure is aimed at. 

Heydecker and Wu assumed a Poisson-beta model with no 

location characteristics.  

 

In Persaud and Kazakov (1994) locations are ranked 
depending on the way in which the estimated economical 

benefits of treating the location exceed a threshold value 

based on the allocated budget. In Van den Bossche et al 

(2002) investigation is done on the question whether a 

ranking alone can give enough evidence for the selection 

of dangerous sites.  

 

More specifically, Bayesian hierarchical modelling 

techniques are used to identify and rank hazardous 

intersections for bicycles in Leuven, a small university 

town in Belgium. The authors conclude that ranking 

hazardous sites is an interesting means to get insight in 
dangerous locations, but there is no such thing as “the” 

correct ranking. 

 

V. CONCLUSION 
 

Since independence, India has witnessed tremendous 

economic growth which has resulted in the expansion of 
road network and subsequent increase in vehicular 

population. This had a considerable impact on operation 

and safety of traffic. With more than one death and four 

injuries every minute, India has the dubious distinction of 

reporting large number of road fatalities in the world (Siva 

Kumar et al 2012).  

 

Moreover, there have been strong indications over the past 

decades which placed “road traffic injury‟ on 9th position 

among the 10 leading causes of deaths (Global status 

report on road safety 2011).  
 

The World Health Organization (WHO) has revealed in 

the global status report on “road safety” that fatal 

accidents are more on Indian roads than anywhere else in 

the world. This emphasizes for a comprehensive analysis 

of highway crashes at the stage of planning and designing. 
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