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Detecting and improving traffic accident hotspots have always been considered significantly
important to ensure public transport safety. Additionally, the identification of accident-prone
segments and hotspots can also assist in determining the most optimal station locations for
rescue teams and emergency responses to reduce the overall casualties in urban public
transport-related accidents. This article analyses the various effects of exclusive bus lanes
in traffic accident hotspots in Rasht, the capital of Guilan province. The research included
eight distinguished road networks with bus exclusive transit lanes, and the appointed traffic
accident hotspots have been identified using IG (intensity index), EPDO (equivalent
property damage only), and SI (severity index) criteria. Moreover, the obtained results of
the current article indicate a higher frequency of accident-prone areas before 2015 (when
the exclusive bus lanes were initially established) compared to the following years,
concluding that the establishment of exclusive bus lanes can potentially reduce the overall
traffic accident-prone segments.

Rasht during a period of four years showed a total of 122

1. Introduction

In general, traffic accidents are rare, unexpected, and multi-
variable events that can potentially devastate human lives
both  financially and psychologically. Next, the
transportation system of cities has a variety of sections which
primarily include the three components of vehicle, human
and environmental causes [1]. It should be noted that
according to the World Health Organization (WHO), 1.2
million individuals are amongst the annual casualties of
traffic accidents, and approximately 20-50 million are found
injured each year globally. Furthermore, approximately
17,000 individuals lose their lives in Iran annually due to
traffic accidents; plus, the obtained results from the city of
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fatal and approximately 9,000 injured crash records [2, 3].

Contrary to the accidents, which are usually presumed
to be random events, the spatial distribution of traffic
accidents in the road network is not random, and areas with
high traffic accident frequency are essentially called
blackspots or hotspots. Besides, collisions that occur in these
hotspots are often caused by either human or/and
environmental factors. Additionally, the detection of such
accident-prone areas is also economically viable as it can
have a direct impact on reducing the frequency of deaths and
injuries as well as the overall financial costs of car collisions
for the general public [4-7]. Furthermore, hotspots are
generally defined as areas with a length of 150-300 meters
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of direct road [6-8] or intersections. Please note that different
countries have distinguished definitions, regulations, and
standards for traffic accident hotspots, which apply
appropriately to the current conditions and reliability of data
registration in that particular country [9]. The following

Table 1 shows a variety of definitions for accident-prone
hotspots in different countries [10].

Table 1. The Various Definitions of Traffic Accident Hotspots in Different Countries
Country The Available Definitions of Traffic Accident Hotspots

Germany v Included 300 meters long track road network
v" Areas with a frequency of more than five identical accidents during a year
v Frequency of more than three collisions during three years

Norway v Includes 100 meters long road network
v Areas with more than four casualties

Spain v Includes kilometer long road networks

v Zones with more than five traffic accidents or two fatal incidents in a year
v Areas with more than ten injuries or five casualties in a year

Portugal v Includes roads with a length of 200 meters
v' Areas with a frequency of five traffic accidents and more

Netherlands v" Intersections in most cases

v Frequency of a minimum of ten accidents in total
v Occurrence of a minimum of five similar traffic accidents
v' Analysis period of approximately 3-6 years

England v Included road networks 300 meters long
v/ Essentially an area with 12 road collisions or more in three years

Sweden v No longer implements methods for the identification of accident hotspots, in addition to setting a zero-

life loss policy

2. Case of Study

The current article was conducted in Rasht, the capital
of Guilan province, which is generally considered one of the
metropolises of Iran. Rasht is also the largest and most
populated city in northern Iran. Additionally, this city is
located approximately 325 kilometers from the nation’s
capital, Tehran. It is also essential to add that this particular
city consists of an area of 180 square kilometers, located on
flat land at the height of 5 meters above ocean water level
and -7 meters above sea level. Next, the population of Rasht
based on the obtained official census in 2011 was estimated
at approximately 951,639 citizens in total, of which 50.2%
are female; plus, the population density of Rash is at a rate
of 4,340 citizens per square kilometer [7].

The exclusive bus lane of Imam Khomeini Street in
Rasht is located between Melli Bank and Mosalla Square and
was initially established in March 2015 and equipped with
three public buses used for the public transportation of
passengers for approximately two years. In the end, the road
facilities were entirely dismantled in March 2017, primarily
due to the overall dissatisfaction of the citizens with the
project. Moreover, there is currently 0.1 km of similar
remaining roads at most, which is now located between
Farhang Square to Mosalla square, except other vehicles that
are also officially authorized to use them simultaneously.

The following Figure 1 indicates the exact location of the
road network in the current study.

Road Network
[ ] Rasht

Kilometers

Figure 1. The Road Network of the City of Reiéht.

3. The Detection of Traffic Accident Hotspots

The collision parameter of RSI was first used to help
study the traffic accident hotspots with higher precision and
accuracy to help detect the potential accident-prone locations
with the highest standard for accuracy. The traffic safety
index in this criterion is also essentially based on the three
indicators of the severity of accidents. Furthermore, the road
safety index in the current article recommended by the
Portuguese Road Association primarily factors the intensity
of accidents (IG), while the use of Equivalent Property
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Damage Only (EPDO) is suggested by the World Road
Assaciation (PIARC), in addition to the implementation of
the Severity Index (SI) recommended by the University
Transportation Center of Alabama (UTCA), which indicates
the precise ratio of the type of collisions and their frequency

[8].

The IG parameter essentially determines the safety
index based on the relative level of accident intensity and is
often defined by the Portuguese Road Association as
Equation (1), in which IG is the intensity index and TA
represents fatal traffic accident injuries, and TB is the total
of severe road injuries, while TC shows the frequency of
financial damages in car collisions. The following Egs. (2)
and (3) are applied below to obtain the indexes of EPDO and
(SI), respectively.

IG=(100XxT_A+10XT_B+3 XT_C) (1)
EPDO = (5XxT_A+3XT B+1XxT.C) )
_Frquency of Fatally Injured Accidents
" Total Number of Traffic Accidents (3)

The Analytic Hierarchy Process (AHP) was initially
implemented to obtain the precise weight of each index by
paired comparisons. Therefore, the definition of the Relative
Strength Index (RSI) is effectively defined based on the
following Eq. (4)

+h(SI) x Wq

In this regard, the RSI of the finalized index of collision
intensity indicate f 1G, g EPDO, and h Sl as standardized
indicators of traffic accident severity, financial loss, and the
loss of life, respectively; besides, WIG, WSI, and WEPDO
approaches were also implemented to precisely weight each
index accordingly. Moreover, after the development of an
expert survey, the obtained data in this approach included a
total of 15 traffic safety experts who participated in the
survey for AHP and Multi-Criteria Decision-Making
(MCDM) and the weight of each index for further use in the
RSI index as shown in the Table 2.

Table 2. The Indices Weight Used to Measure the RSI Index
Index EPDO 1G Sl

Weight 0.374 0.482 0.144

For this particular reason, a hierarchical structure (AHP)
was initially established, and the safety variables of each
hotspot were then compared in pairs, which ultimately
determines their potential significance; besides, the obtained
results of the conducted comparisons are effectively the
required input for the Expert Choice (EC) software.

The software outcome presents the precise weight of
each criterion in different buffers and their total combination,
in other words, the final weight of each criterion.
Additionally, one of the primary functions of this particular
software is the ability to compare and determine the
significance of relative buffers, so similar to the previous
criteria, and the buffers should also be compared in pairs and
implemented as inputs into the software for the precise
measurement of weight of each available buffer in the
system.

Table 3. Year 2015 (1394 Iranian Calender)

Segment Injury Fatal PDO IG EPDO Sl RSI
1 7 0 2 76 23 0 0.45
2 10 0 0 100 30 0 0.59
3 3 0 1 33 10 0 0.2
4 8 0 2 86 26 0 0.51
5 8 1 0 180 29 0.013889 0.98
6 4 0 1 43 13 0 0.26
7 13 0 0 130 39 0 0.77
8 6 0 0 60 18 0 0.36

Table 4. Year 2016 (1395 Iranian Calender)

Segment Injury Fatal PDO 1G EPDO SI RSI
1 1 0 1 13 4 0 0.08
2 12 0 3 129 39 0 0.77
3 4 0 0 40 12 0 0.24
4 6 0 2 66 20 0 0.39
5 3 0 1 33 10 0 0.20
6 1 0 0 10 3 0 0.06
7 8 1 1 183 30 0.013889 0.99
8 3 0 1 33 10 0 0.20
Table 5. Year 2017 (1396 Iranian Calender)
Segment Injury Fatal PDO IG EPDO Sl RSI
1 2 0 1 23 7 0 0.14
2 8 0 1 83 25 0 0.49
3 3 0 3 39 12 0 0.23
4 0 0 0 0 0 0 0.00
5 4 0 1 43 13 0 0.26
6 2 0 0 20 6 0 0.12
7 10 0 5 115 35 0 0.69
8 4 0 1 43 13 0 0.26
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The traffic accident hotspots in this particular article
were officially identified and determined based on Figure 2,
and the weights related to each index were implemented as
an input for the software to process; plus, the obtained results
were also achieved using the RSI criteria in the Tables 3 to
5. Future urban studies can be incorporated into the proposed
methods to achieve more precise results [11] .

2017 2016 2015

0.5-0.75 Dangerous [N 0-0.25 Safe
0.75-1 Hotspot [N 0.25-0.5  Semi-Safe [

Figure 2. The hotspot identification of the study area across the
three years of study.

4. Conclusion

The following results were obtained using the available
information in Figure 2, in addition to the obtained outcome
of accident-prone locations, which is presented in Table 3 to
5:

In 2015, approximately all road networks of emergency
bus lanes (except for segment 3) were considered dangerous
and amongst the potential accident-prone areas.

The construction of exclusive bus lanes in 2016 led to
the reduced rate of car collisions in the street; however,
traffic accidents throughout the network were primarily
concentrated in one specific area with an accident-prone
manner.

Segments 2 and 4 were less accident-prone (contrary to
higher number of accidents in 2016) because of the
populated street and the surrounding confectioneries and
stores in the city.

The improvements and adjustments of the hotspots by
the municipality and the discontinuation of the fences in
front of segment 4 directly impacted the frequency of such
incidences in 2017 compared to the two previous years.

The emergency line fences were also officially
recommended for an establishment to help prevent constant
pedestrian traffic in such dangerous areas, which is primarily
due to the high frequency of car collisions and potential
threats within the vicinity of segment 2 and 7 during the
years (2015-2017).
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