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Abstract. In traffic safety, various methods, procedures and techniques are adapted for traffic safety needs. Di-
verse methods lead to a different degree of exactness, accuracy and precision. The selection of research methods de-
pends primarily on the research objective. Research methods most frequently applied for traffic safety include a statisti-
cal method, experiment, observation, tests, a questionnaire and interview, a comparison and analogy, etc. Each method
has its advantages and disadvantages; however, a well devised combination of several methods and the reliability of
research results can be increased. The problem of danger for pedestrians, as vulnerable road users, is constantly ex-
pressed and present in all regions. Therefore, special attention should be paid to pedestrian safety. To determine danger
spots for pedestrians, the analyses of traffic accidents are most frequently used, which is the so called reactive approach
to traffic safety improvement. Apart from the reactive approach, for the purpose of preventing traffic accidents in the
future, it is necessary to combine some of the methods that can proactively indicate potential danger spots for pedes-
trians. This paper shows the method of identifying and ranking danger spots for pedestrians on micro locations, which
incorporates the analysis of traffic accidents, the examination of the subjective attitudes of participants in traffic and
the use of a conflict technique. Along with the so called ‘overlapping’ danger spots detected in the analysis of traffic
accidents, danger spots detected based on the analysis of the subjective attitudes of pedestrians and drivers and danger
spots detected in the conflict technique, a map of the so called objective and subjective danger spots is obtained. By
eliminating all such identified danger spots, black spots as well as potential traffic accidents are removed. The method
presented in this paper can be a very useful tool for decision-makers, for improving pedestrian safety on a micro loca-

tion and for allocating funds.

Keywords: research methods, pedestrians, danger spots, proactive approach, micro location.

1. Introduction

Data provided by the World Health Organization
(WHO) show that more than 1.3 million people die and
up to 50 million are injured in traffic accidents every
year (Global Status Report... 2009). In the EU, there
were about 34500 fatalities in 2009 (CARE: Community
Road Accident Database 2010). Out of the total num-
ber of traffic fatalities registered in the EU, according to
CARE, 21% are pedestrians more jeopardized in urban
areas (36%) rather than in the rural ones (10%). Com-
pared to the EU, pedestrians in Serbia are jeopardized
more frequently as they make 29% considering the total
number of fatalities in traffic accidents (Vujani¢ et al.
2009a). However, in Belgrade, the capital of Serbia, the
situation regarding danger for pedestrians is significant-
ly better, namely pedestrians make only 7.4% taking
into account the number of fatalities in traffic accidents
(Vujani¢ et al. 2009a).

Traffic accidents of a vehicle-pedestrian type are, as
a rule, accidents with severe consequences, and thus it
is necessary to pay special attention to pedestrians and
pedestrian traffic when planning, designing and defining
traffic regime. It is also necessary to establish a protec-
tion system that enables pedestrians to be safe in traffic.
In order to define adequate protection measures directed
towards safe participation of pedestrians in traffic, first,
it is required to identify danger spots, namely the loca-
tions with increased danger for pedestrians in traffic. For
this purpose, different methods such as the analysis of
traffic accidents, a conflict technique, scientific observa-
tion, experiment, questionnaire, etc can be used. High
quality identification of danger spots facilitates a precise
definition of traffic safety problems and a definition of
countermeasures.

Most studies that deal with researching and iden-
tifying locations with increased danger for pedestrians
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are based on the analysis of statistical data on traffic ac-
cidents with pedestrians (Schneider et al. 2001, 2004; Ng
et al. 2002; Karim 1992; Duncan et al. 2002; Austin et al.
1995; Butchart et al. 2000; Landis et al. 2001; Clifton
et al. 2009). However, supposedly, it is significant to ana-
lyze the risk perception of participants in traffic. In order
to determine the risk of occurring pedestrian accidents,
Schneider et al. (2004) believes that by including loca-
tions with high risk perception in analysis could prevent
from future accidents, by means of which the so called
proactive approach of traffic safety improvement would
be achieved, which is of special importance as accidents
with pedestrians often have severe consequences.

One of the previous studies on the development of
methods for forecasting traffic accidents and determin-
ing locations of increased danger in traffic identified a
potential traffic accident as a ‘conflict in traffic’ (Per-
kins, Harris 1968). Afterwards, many researchers have
developed their own conflict techniques pursuant to
their circumstances and needs. Thus, Van der Horst and
Hogema (1993) established the relation between time to
conflict (TTC) and the weight of the conflict within their
conflict technique. The basic idea of introducing and ap-
plying the conflict technique is the proactive approach
to improving traffic safety for the purpose of preventing
traffic accidents in the future. Thus, Garder (1989), hav-
ing in mind the advantages of the conflict technique,
uses it among other techniques for determining the
risk for pedestrians at intersections, while the attitudes
of participants to traffic are obtained from interviews.
Tiwari et al. (1998) also use the conflict technique for
determining the interaction between motorized and
non-motorized traffic.

Rosenbloom (2009) observed the behaviour of pe-
destrians when crossing pedestrian crossings with traffic
lights. Having examined the crossing of 1392 pedestrians
on pedestrian crossings with traffic lights, Rosenbloom
(2009) found that over 40% of pedestrians crossed or
finished crossing the pedestrian crossing when the red
light was on. Bearing that in mind, he proposed to moti-
vate pedestrians to respect light signals with media cam-
paigns and by setting a traffic light cycle period. On the
other hand, certain researches (Pulugurtha et al. 2007;
Ng et al. 2002) also use modern technologies - Geo-
graphical Information Systems methodology - for de-
termining locations of increased danger for pedestrians.

This paper presents the method of identifying and
ranking danger spots for pedestrians on a micro loca-
tion, bearing in mind that each of the abovementioned
methods for determining locations of increased danger
in traffic has advantages and disadvantages. The method
presented in this paper implies a simultaneous use of
analyzing a traffic accident, the analysis of participants’
subjective attitudes to traffic and results of applying the
conflict technique. A simultaneous combination of sev-
eral methods makes possible to observe danger spots for
pedestrians from different standpoints. A spatial analysis
of traffic accidents allows determining objective danger
spots for pedestrians, while the analysis of subjective at-

titudes of pedestrians and drivers and the application of
the conflict technique facilitate determining subjectively
and objectively potential danger spots for pedestrians. In
that manner, a reactive and proactive approach to im-
proving pedestrian traffic safety is integrated, namely,
the elimination of danger spots and future danger spots
for pedestrians is enabled.

The main objective of developing the method of
identifying and ranking danger spots for pedestrians on
a micro location was to integrate a reactive and proactive
manner of improving pedestrian traffic safety. In that
way, the process of a precise definition of danger spots,
i.e. traffic safety problems is improved. The proposed
method also has a practical value as it can be used by
decision-makers who can more efficiently allocate funds
for traffic safety improvement based on such integral
analysis of danger spots.

2. The Method of Identifying and Ranking
Danger Spots for Pedestrians

The method of identifying and ranking danger spots for
pedestrians on a micro location consists of three steps
(Vujani¢ et al. 2009b):

1. Step one - the analysis of traffic accidents involv-
ing pedestrians. By analyzing data on traffic ac-
cidents, the so called objective danger spots are
obtained, namely the locations where traffic ac-
cidents involving pedestrians actually occur.

2. Step two - the application of a subjective con-
flict technique. By using the conflict technique,
objectively potential danger spots, namely the lo-
cations with frequent conflicts in traffic between
pedestrians and motorized traffic, which can
result in traffic accidents, are obtained. Due to
the complexity of applying the objective conflict
technique, this paper uses the subjective conflict
technique, however, without taking into consid-
eration time to collision.

3. Step three — conducting a questionnaire or inter-
view in order to determine subjective attitudes
of participants to traffic regarding risk. The ques-
tionnaire gives subjective danger spots or loca-
tions where participants in traffic feel especially
unsafe.

After determining danger spots in all three ways,
‘overlapping’ such determined danger spots is carried
out and danger spots are reached where necessary to
apply adequate countermeasures (Vujanic et al. 2009b)
(Fig. 1).

Traffic accident analysis

Subjective conflict technique

Questionnaire or interview of road users

Fig. 1. ‘Overlapping’ danger spots (Vujani¢ et al. 2009b)
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Vujanic et al. (2009b) states that the following cases
are possible when overlapping danger spots:

« danger spots fully overlap;

« danger spots partially overlap;

« danger spots are completely different.

When eliminating danger spots, it is of extreme
importance to apply adequate countermeasures on all
locations, namely, on objective danger spots, objectively
potential danger spots and subjective danger spots. In
that manner, there is both reactive and proactive acting.
Apart from objective risk, the subjective risk of danger
in traffic is eliminated, and thus pedestrians get the feel-
ing of safety and security, which is also the objective of
traffic safety improvement.

Similarly to the above mentioned information,
Schneider et al. (2004) carried out a statistical analysis
of traffic accidents and examined subjective participants’
attitudes to traffic regarding risks so that to identify the
cases of full overlapping, partial overlapping and a com-
plete divergence of objective and subjective risk high-
lighting it was necessary to eliminate all risks due to the
fact that by removing objective risk danger spots were
actually eliminated and by removing subjective risk fu-
ture danger spots were taken out.

In the paper, the composite method, particularly
the sum-of-the-ranks (SR) method, was used for verify-
ing the results of ranking danger spots obtained by ‘over-
lapping’ The principle of the sum-of-the-ranks method
is the combination of the ranks of danger spots obtained
from individual methods for ranking danger spots. Prac-
tically, each of the applied methods within the method
for identifying and ranking danger spots for pedestrians
(the analysis of traffic accidents, the application of the
subjective conflict technique and research on the sub-
jective attitudes of participants to traffic using a ques-
tionnaire) can detect and define danger spots according
to a certain rank (R;). Thus, by applying the composite
method the outcome is a composite rank (CR) that is
the overall rank of danger spots, which combines and
incorporates ranks obtained in each individual method.
An expression of calculating the composite rank is the
following:

R, +R, +R
CR:%, (1)

where: R, - the rank of danger spots determined based
on the analysis of traffic accidents; R, — the rank of dan-
ger spots determined based on the subjective conflict
technique; R; — the rank of danger spots determined
based on questionnaire research on the subjective atti-
tudes of pedestrians and drivers.

When calculating the composite rank, an adequate
weight factor can be allocated to different analyses for
determining the rank. The authors of this paper believe
that in practical sense, the ranks defined in the above
mentioned analyses do not bear the same significance
and that it is necessary to allocate an adequate weight
factor to each of the calculated ranks. For allocating
weight factors in traffic safety, the following wide-known
methods, including Data Envelopment Analysis (DEA),
Analytical Hierarchical Process (AHP), Factor Analysis
(FA), Budget Allocation (BA), Equal Weighting (EW)
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(Hermans et al. 2008; Cambon de Lavalette et al. 2009;
Zavadskas et al. 2010; Tupénaité et al. 2010; Ker$uliené
et al. 2010; Yan et al. 2011; KerSuliené, Turskis 2011;
Kaya, Kahraman 2011) are mostly used.

The opinion of the authors of this paper is that
budget allocation is the simplest method for allocating
weight factors, which could allocate weight factors to
each of the analyses for rank determination in a fast,
efficient manner with high precision. Five professors in
the field of traffic safety in Serbia were asked to allocate
€10000 to the significance of developing methods and
to the significance of the results obtained based on the
analysis of traffic accidents, conflict techniques and data
on the analysis of questionnaires among pedestrians and
drivers. After data were obtained, the BA method and
data normalization on a scale of 0 to 1 were carried out.
The results of the BA method showed that traffic safety
experts gave the highest importance to analyses on traf-
fic accidents followed by conflict techniques, and finally,
the results of the conducted questionnaire among pedes-
trians and drivers; namely, the BA method showed that
danger spots determined based on the analysis of traffic
accidents had a weight factor of 0.56 (w,), danger spots
determined based on the conflict technique had 0.26
(w,) and danger spots determined based on the ques-
tionnaire among pedestrians and drivers had 0.18 (w5).

Taking into consideration weight factors (w;), the
expression of calculating the composite rank is:

:Rlowl+R2~w2+R3~w3 @)
3

Considering all above mentioned information,
Fig. 2 presents the algorithm of methods for detecting

CR

PROBLEM: existing models
used for improving pedestrian
safety are reactive

OBJECTIVE: integrate data
on traffic accidents
with data obtained in subjective
conflict technique

ttit f participant:
and atti u?sstrgﬁ;i)car icipants SUBJECTIVE
CONFLICT
TECHNIQUE
DATA ON
TRAFFIC DATA COLLECTION
ACCIDENTS QUESTIONNAIRE
AMONG
QUANTITATIVE AND PARTICIPANTS
QUALITATIVE IN'TRAFFIC
SPATIAL ANALYSIS
RANKING OF DANGER SPOTS

BA (WEI GHTENING,
NORMALISATION)
SUM-OF-THE-RANKS

PROACTIVE MEASURES
FOR IMPROVING
PEDESTRIAN SAFETY

Fig. 2. The algorithm of methods for detecting and ranking
danger spots for pedestrians
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and ranking danger spots for pedestrians, which uses an
integrated analysis of traffic accidents, a modified con-
flict technique and the analysis of subjective participants’
attitudes to traffic.

3. Results of Applying Methods for Identifying
and Ranking Danger Spots for Pedestrians:
A Case Study

3.1. Study Background

A method for identifying and ranking danger spots for
pedestrians was first applied in Serbia in 2009 in the
study on improving pedestrian safety in Trg Nikole
Pagi¢a Square in Belgrade. Trg Nikole Pasi¢a Square is
situated near an untypical and irregular intersection with
a very complex traffic regime. An additional problem
is caused by the vicinity of the city centre that induces
large flows of both motorized and non-motorized traffic.

According to official statistics provided by the
Ministry of Interior of Serbia, 50 pedestrian traffic ac-
cidents occurred in the zone of Trg Nikole Pasica square
in 2008. The analysis of the existing situation was done
considering the task to observe the condition of signali-
zation, street network, traffic regime, parking, public
transportation, pedestrian flows, etc.

Data on special significance were obtained from
counting pedestrian and motorized traffic in the peak
hour from 15:00 to 16:00 as a strong interaction between
pedestrian and motorized traffic was necessary. Visibility
is the best at the day time; thus, high perception was
ensured. Video recording was done in order to count
pedestrian and motorized traffic. Counting showed that
pedestrian flows and motorized flows were of high in-
tensity (Fig. 3).

Such general analysis gave only a slight indication
of the problems in safe traffic functioning in the research
zone. Therefore, it was necessary to apply some of the
methods for more precise detection of the problems
considering pedestrian traffic safety.

3.2. Defining and Detecting Danger Spots

3.2.1. Definition and Analysis of the Problems Based
on Data on Traffic Accidents

Among the most significant results of analyzing data on
traffic accidents that involve pedestrians, the following
points can be highlighted: 50 traffic accidents involving
pedestrians occurred, Tuesday and Friday were the days
of the highest danger, the most dangerous period during
the day was from 11:00 to 13:00. Analyzing the locations
of traffic accidents involving pedestrians, 68% of traf-
fic accidents involving pedestrians occurred in front of
number 10 in Trg Nikole Pasi¢a Square and 41% of those
were accidents resulting in severe injuries to pedestrians.

By positioning and grouping data on traffic acci-
dent locations on the map, the spatial distribution of
traffic accidents was obtained. The rank of danger spots
in the research zone and the results of these analyses are
presented in Fig. 4.

The rank of danger spots (R,) is defined based on
the number of consequences of traffic accidents by apply-
ing the expression of calculating the so called weighted
number of traffic accidents (RR) (Vujani¢, Draga¢ 2002):

RR=N .40 Ppdo *Nij P + N - P + Ny -py,  (3)

where: N4, — the number of traffic accidents resulting
in property damage only; Nj — the number of traffic
accidents resulting in slight injuries; N;; - the number
of traffic accidents resulting in severe injuries; Ny - the
number of traffic accidents resulting in fatalities; p,4, - a
weight factor for accidents resulting in property damage
only; p;; — a weight factor of accidents resulting in slight
injuries; p,; — a weight factor of accidents resulting in
severe injuries; p;— a weight factor of accidents resulting
in fatalities.

For determining the weight factors of traffic ac-
cidents having certain consequences, the costs of one
accident having such consequences were used. Bearing
in mind the costs of traffic accidents having certain con-

812ped/h

Fig. 3. The intensity of pedestrian and motorized traffic (Vujani¢ et al. 2009b)
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Fig. 4. The spatial distribution of traffic accidents (Vujani¢ et al. 2009b)

sequences, and according to The World Road Associa-
tion — PIARC (Road Safety Manual 2004) for city streets,
the weight factors of traffic accidents having certain con-
sequences would be 0.1 for accidents resulting in prop-
erty damage only, 1 for accidents resulting in slight inju-
ries, 10 for accidents resulting in severe injuries and 85.1
for accidents resulting in fatalities (Lipovac et al. 2010).

In the research zone, all accidents that involved
pedestrians were resulting in slight and severe injuries.
Considering the above discussed findings, Table 1 pre-
sents the results of identifying and ranking danger spots
based on the analysis of traffic accidents.

3.2.2. Definition and Analysis of Problems Applying
the Subjective Conflict Technique

The subjective conflict technique implies the method of
traffic safety analysis and is based on detecting and as-
sessing the risk of accident occurrence - a conflict with
an expert observer.

Regarding the above mentioned data, detected con-
flicts in the observed zone are classified in the following
three categories (Vujanic et al. 2009b):

« An extremely dangerous situation is an event in

which an accident would occur if a driver did
not brake intensively or if there were no sudden

Table 1. Ranking danger spots based on the analysis of traffic accidents (Vujani¢ et al. 2009b)
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changes in the movement pattern (sudden change

in the movement direction of drivers and/or pe-

destrians, sudden change in vehicle and/or pedes-

trian speed etc.). These include:

o crossing pedestrians on a pedestrian crossing
when the red light is on;

o passing vehicles when the red light is on at a
pedestrian crossing;

o crossing pedestrians away from a pedestrian
crossing;

o crossing pedestrians away from a pedestrian
crossing along other routes.

« A dangerous situation is an event in which the
unsafe behaviour of participants in traffic is de-
tected. Taking into account such spatial and time
interval where a possibility of avoiding an ac-
cident without applying intensive manoeuvres
occurs, only the manoeuvres of less intensity or
those common in traffic (mild changes in the di-
rection and speed of drivers and/or pedestrians)
are considered. These include:

o crossing pedestrians on a pedestrian crossing in
a side street when the red light is on;
- high vehicle speeds.

« A less dangerous situation is an event in which
the unsafe behaviour of participants in traffic is
detected, but in which an accident would occur if
another participant appeared on the route of the
participant who was observed to behave unsafely.
These include:

o unsafely parked vehicles;
o u-turning of a vehicle on forbidden places (ob-
served from the aspect of pedestrians).

Detected dangerous situations are positioned on

the map. Spatial distribution was obtained. The rank of
danger spots according to the modified conflict tech-
nique and the results of these analyses are presented in
Fig. 5.

D. Pesié et al. An integrated method of identifying and ranking danger spots for pedestrians on microlocation

The rank of danger spots (R,) is defined based on
the composite number and the severity of dangerous
(conflict) situations (RC) by applying the following ex-
pression (Vujanic et al. 2009b):

RC=N,;-p,g+Ng-pg+Ny - pg> 4)

where: N,; — the number of extremely dangerous situ-
ations; N; — the number of dangerous situations; N;; -
the number of less dangerous situations; p,; — a weight
factor of an extremely dangerous situation (10); p; - a
weight factor of a dangerous situation (5); p;; — a weight
factor of a less dangerous situation (1).

Weight factors (p,4 p; and p;;) are determined by
applying the expert method where three trained experts
involved in conducting the subjective conflict technique
were questioned how many times an extremely danger-
ous situation was more dangerous than a less dangerous
situation. Thus, the values of weight factors were deter-
mined to the amounts of 10, 5 and 1, for p, 4, p; and pyy
respectively.

The results of applying the composite number and
the severity of dangerous situations (conflicts) are pre-
sented in Table 2.

3.2.3. Definition and Analysis of Problems Based on
the Questionnaire among Participants in Traffic

After the subjective conflict technique was carried out,
the determination of subjective danger spots in the re-
search area was initiated. The used method was a ques-
tionnaire that involved 150 drivers and 150 pedestrians.
The most important conclusions of the analysis of the
subjective attitudes of pedestrians and drivers were as
follows:

« According to pedestrians, the geometry of the in-
tersection is such that to allow drivers to achieve
high speeds. Therefore, the drivers come across
significant pedestrian flows on pedestrian cross-

Conflict spot
Type of conflict

Extremely dangerous situation
Crossing of pedestrians on pedestrian crossing when the red light is on
Passing of vehicles when the red light is on at the pedestrian crossing
Crossing of pedestrians away from pedestrian crossing
Crossing of pedestrians away from pedestrian crossing along other routes

Dangerous situation
Crossing of pedestrians on pedestrian crossing in a side street when the red light is on
High vehicle speeds

Less dangerous situation
Unsafely parked vehicles
U-tuming of a vehicle on forbidden places (observed from the aspect of pedestrians)

_ Rank of danger spot

Parking

Fig. 5. The spatial distribution of conflicts (Vujani¢ et al. 2009b)
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Table 2. Ranking danger spots based on the modified conflict technique (Vujani¢ et al. 2009b)
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ings in Trg Nikole Pasi¢a Square. A number of
pedestrians use two pedestrian crossings to cross
the street. Traffic lights on pedestrian crossings
are not harmonized, and therefore the flows of
pedestrians who start at the green light on one
pedestrian crossing are stopped with the red light
on the other. Because of the big cycle and short
time of the green light for pedestrians on both
pedestrian crossings, pedestrians admit that very
often they opt for crossing the other pedestrian
crossing when the red light for pedestrians is on.
« Drivers, on the other hand, also state that the ge-
ometry of the intersection and the street before

the intersection allows achieving high speeds.
In most cases, they ‘step on the gas’ in order to
make up for the lost time because they were wait-
ing long on the previous intersection, and thus
get in conflict with pedestrians who were crossing
the street away from the pedestrian crossing, very
often in long routes.

The questionnaire had a sketch of the research zone
on the back and the questioned persons ranked the loca-
tions they thought as extremely dangerous, dangerous
and less dangerous. This way, 7 danger spots were de-
fined (Fig. 6).

[] Dangerous situation
B Less dangerous situation

Fig. 6. Danger spots from the aspect of subjective assessments of participants in traffic (Vujani¢ et al. 2009b)
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Ranking danger spots (R;) is defined based on the
composite number and the severity of danger spots ac-
cording to the subjective attitude of drivers and pedes-
trians (RS) (Vujanic et al. 2009b):

RS=N,j pya+Ng-pg+Nyg-py> )

where: N, ; - the number of extremely dangerous situa-
tions according to the opinion of pedestrians and driv-
ers; N; — the number of dangerous situations according
to the opinion of pedestrians and drivers; N;; - the num-
ber of less dangerous situations according to the opinion
of pedestrians and drivers; p,; - a weight factor for ex-
tremely dangerous situations (10); p; — a weight factor
for dangerous situations (5); p;; — a weight factor for less
dangerous situations (1).

Weight factors (p, 5 ps and p;;) are determined
by applying the expert method in the case where three
trained experts conducted the questionnaire and as-
sessed how many times a dangerous situation men-
tioned and described by pedestrians and drivers in the
questionnaire was more dangerous than a less dangerous
situation. That way, similarly to the conflict technique,
the values of weight factors are determined to be 10, 5
and 1 for p, 4, p; and p;, respectively.

Ranking danger spots based on the subjective at-
titudes of pedestrians and drivers is given in Table 3.

3.2.4. Definition of the Composite Rank
of Danger Spots

The conducted analysis revealed that conflicts, subjec-
tive and objective danger spots were ‘overlapped’ and the
final map was reached, which defines danger spots and

gives the rank of the micro locations of increased dan-
ger for pedestrians on the basis of an overall analysis of
traffic accidents, conflicts and subjective attitudes of the
road user (Fig. 7).

Fig. 7 presents top five danger spots according to
the rank of danger defined based on the composite and
sum-of-the-ranks methods. This method practically cal-
culates the composite rank of danger spots, taking into
consideration weight factors for each rank; thus, subjec-
tive and objective risks and danger spots are incorpo-
rated. In other words, reactive and proactive approaches
to improving pedestrian safety are incorporated. The re-

Fig. 7. The final rank of danger spots for pedestrians
(Vujanic et al. 2009b)

Table 3. Ranking danger spots based on the subjective attitude of drivers and pedestrians (Vujani¢ et al. 2009b)
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D The parking lot on Trg Nikole Pasica 149 122 29 2129 4
E  ‘Parking lot 30 10 49 5 221 1 766 7
F  Numbers 9 to 11 on Trg Nikole Pasi¢a 0 0 0 0 8
G The intersection zone on Trg Nikole Pasi¢a 212 58 30 2440 )

and Vlajkoviceva streets

H Pedestrian crossing in Vlajkoviceva street 49 39 212 897 6
I ‘Point’ of the intersection 240 60 0 2700 1
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Table 4. Composite ranking of danger spots (Vujani¢ et al. 2009b)

2 ] 54
a 5= 52 52~ E g
= %8 _ 08 o %5 p g £
% Danger spot location (address) s '§ ~ s - E s, "é s & £
; $E% 282 SE 2 Z
z 4 387% ~g = 22y g &
< §27% 523 5§28 3 g
A X &a ~ 8 & ~ & o 7
A Numbers 2 to 6 on Trg Nikole Pasic¢a 5 3 8 1.67 4
B Numbers 8 to 12 on Trg Nikole Pasi¢a 1 1 3 0.45 1
C  Zone No. 14 on Trg Nikole Pasi¢a 3 4 5 1.21 3
D  The parking lot on Trg Nikole Pasi¢a 6 5 4 1.79 6
E  ‘Parking lot’ 7 6 7 2.25 9
F  Numbers 9 to 11 on Trg Nikole Pasic¢a 4 6 8 1.75 5
G The intersection zone on Trg Nikole Pasic¢a ) 5 ) 0.67 )

and Vlajkoviceva streets

H Pedestrian crossing in Vlajkoviceva street 7 6 6 2.19 8
I  ‘Point’ of the intersection 7 6 1 1.89 7

sults of applying the sum-of-the-ranks method pursuant
to expression (2) are presented in Table 4, and the top
five locations according to the rank of danger are dis-
played in Fig. 7.

3.3. Proposed Measures for Improving Traffic Safety
of Pedestrians on the Research Location

After detecting locations of increased danger for pedes-
trians in the zone of Trg Nikole Pasi¢a Square, adequate
proactive measures for improving pedestrian safety were
defined (Vujani¢ et al. 2009b):

1. On pedestrian crossing situated on Number 10,
Trg Nikole Pasi¢a Square, a platform should be
placed. The surface of the platform should be
adequate for surfaces designed for pedestrian
movement (sidewalk), which would clearly indi-
cate that this surface is primarily for pedestrians.

2. Green light for pedestrians should be extended
(at the moment, it makes only 16 s and cycle re-
duction is 110 s). Besides the above pedestrian
lanterns, a LCD display should be placed which
would indicate the remaining time in seconds
until the green light for pedestrians is on; above
the display, a sign should be placed bearing the
following message: ‘Better lose a moment in life
than life in a moment - wait for the green light!
For disabled persons, a vibrating device should
be installed (apart from the sound signal).

3. The disposition of jardiniéres (street furniture)
should be organized so as to disable pedestrians
to pass between them, which would at the same
time disable pedestrians to cross away from pedes-
trian crossings. In other words, pedestrian flows
are to be channelized to pedestrian crossings.

The proposed measures were implemented at the

beginning of January 2009.

3.4. Effects of Applying the Method of Identifying
and Ranking Danger Spots for Pedestrians
and Proposed Measures

For measuring the effects of applying adequate meas-
ures, assessment ‘before and after’ was applied, namely, a
comparison of absolute indicators regarding the number
of traffic accidents in total and according to consequenc-
es. Data on traffic accidents that occurred in 2009 were
compared with that collected in 2008. Taking into con-
sideration that the applied measures were implemented
at the beginning of January 2009, the comparison was
considered to be valid. The results showed a significant
drop in the number and consequences of traffic acci-
dents. Table 5 presents data on the number and conse-
quences of traffic accidents for the period 2008-2009.
Having in mind the number of traffic accidents for
the period 2008-2009, it can be concluded that the ap-
plication of the method for detecting and ranking dan-
ger spots, presented in this paper, along with the pro-
posal and implementation of adequate measures, has
contributed to a reduction in the number of traffic ac-
cidents involving pedestrians by almost one-third where
the number of accidents having severe consequences

Table 5. The number and consequences of traffic accidents
for the period 2008-2009 (http://www.mup.rs — Ministry
of Interior of the Republic of Serbia)

Total number

Year of accidents Fatality Serious Slight
that involved  accidents accidents accidents
pedestrians
2008 50 0 17 33
2009 34 0 10 24
A [%] -32.0 0 ~412 273
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decreased by 41% and the number of accidents having
slight consequences decreased by 27%. Practically, it is
obvious that there are significant positive effects on pe-
destrian safety.

4. Discussion and Conclusions

1. This paper presents a new integrated method of iden-
tifying and ranking danger spots for pedestrians. The
method uses a simultaneous analysis of pedestrian
danger in traffic considering three aspects: objective
risk (based on the analysis of traffic accidents), poten-
tially objective risk (based on the subjective conflict
technique) and subjective risk (based on the analysis
of participants’ attitudes to traffic).

2. Besides the identification of danger spots, the applica-
tion of the presented method enables ranking identi-
fied danger spots, which can be an input for priority
in the elimination of identified danger spots. Pulugur-
tha et al. (2007) came to a similar conclusion in their
research on identifying and ranking locations with
high danger for pedestrians and highlighted it was an
important step in allocating and directing resources
for improving traffic safety of pedestrians.

3. Practically, the basic ideas of defining an integrated
method for identifying and ranking danger spots for
pedestrians are the following: the identification of
danger spots for pedestrians having in mind differ-
ent aspects of observing the problem of danger for
pedestrians, ranking danger spots for pedestrians, a
more precise definition of the problem, the creation of
a proactive approach to improving pedestrian safety
and the creation of a useful tool for decision-makers,
which, apart from the identification of danger spots,
can also be used for a more efficient allocation of re-
sources for pedestrian safety improvement.

4. In conclusion, it can be stated that the integrated
method of identifying and ranking danger spots for
pedestrians enables the identification of danger spots
for pedestrians based on different standpoints.

5. The integrated method enables to eliminate the iden-
tified black spots based on the analysis of traffic ac-
cidents, which eliminates the existing danger spots for
pedestrians.

6. By applying the subjective conflict technique, the
method can also improve pedestrian traffic safety by
eliminating potential danger spots for pedestrians.

7. The method also enables the elimination of subjective
risks in traffic and is based on the analysis of par-
ticipants’ attitudes to traffic, which is of extreme im-
portance because one of the main objectives of traffic
safety management is to create the feeling of safety
and security among participants in traffic.

8. The method identifies and ranks 9 danger spots for
pedestrians. A composite rank of danger spots varied
from 0.45 (the most dangerous spot) to 2.25 (the least
dangerous spot).

9. After implementing the method and countermeas-
ures, the total numbers of accidents that involved

pedestrians decreased by 32% where the number of
accidents having severe consequences decreased by
41%, and the number of accidents having slight con-
sequences decreased by 27%.
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