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The negative impacts of road accidents on socio-economic aspects
of human life is a growing concern in the word. Thus, planning to
have safe roads is a key factor to achieve sustainable road
transportation systems. In this contribution, we aim to investigate
the spatio-temporal patterns of accidents density and also the
space-time pattern of accidents hot spot along Firoozkooh road
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which is a transit road, connecting capital to Mazandaran
province. In this context, we implemented Kernel density
estimation and hot spot analysis using GIS on road accident data
from 2016 to 2022.. Results indicate that both accidents density
and also accidents hot spot clusters change spatially and
temporarily in this time period. Accidents density found to be
most in 2022 following the low density rate in 2020 due to Corona
pandemic lockdown. Dogol train station and after Abshar tunnel
in Firoozkooh road were the most selected parts of the road in
terms of accident density rate in 2016-2022. Also, Dogol terrain
station and after Abshar tunnel were identified as accidents hot
spot clusters with mean Z-score equal to 2.32 and confidence
intervals of 90 to 90% in the period of 2016-2022. The road length
in these accidents clusters is 10.979 km which contains 46% of
accident in this time period. We recommend investigating the
cause of accidents in high accident-density road sections and in
accident clusters. With this, the safety of this road will be
increased and as a result human life and economic activities will
be secured.
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Extended Abstract

Introduction

One of the main concerns of accessibility to
sustainable transportation networks is the
road's quality and safety, which could
impact public health and the dynamic of
socio-economic activities. In this context,
road accidents and their negative
consequences, including human losses and
socio-economic damages, are the main
challenges when planning to develop road
networks. Due to its diverse natural tourist
attractions, Mazandaran province is one of
the main destinations of travelers in the
country. As a result, its main roads are busy
with high volume of traffic throughout the
year. This could increase the likelihood of
accidents occurrence than other parts of the
country.

Among all main roads connecting the
capital, Tehran to Mazandaran, Firoozkooh
road is important. This road is considered to
be a transit road affecting on the economicl
activities of the region. Also, tourists can
visit many tourist attractions along this road.
More importantly, this road is the closest
connecting road from Tehran to the center of
Mazandaran province. Therefore, this is the
objective of this research to investigate the
spatio-temporal pattern of road accidents
density and also to identify accidents
clusters in this road. Results can be used for
planning in order to improve road safety.

Methodology

To this end, road accidents information
along Firoozkooh road from 2016 to 2022
was studied using GIS, spatial statistics, and
spatial point pattern analysis. In this context,
Kernel density estimation and Hot spot
analysis were used to investigate the spatio-
temporal density pattern of accidents and
also to monitor spatio-temporal pattern of
accidents hot spot. Besides, the statistical
significance and confidence interval of the
results were assessed using Getis-Ord Gi”
index.

Results and discussion

Results show that in 2019 and 2020, because
of the corona virus pandemic and its
implemented limitations in mobility, the
number of accidents and the density of

accidents decreased compared to pre-Corona
years in 2016-2018 and post-Corona years in
2021 and 2022. This indicates that the high
volume of traffic can impact accident
occurrence. Also, the distribution pattern of
accidentdensity changes spatially and
temporarily from 2016 to 2019. In terms of
density, two sections of the road located in
after Abshar tunnel and Dogol train station
show high intensity of accidents and are
known to be dangerous parts of this road.
Besides, the distribution pattern of accidents
hot spot also changes spatially and
temporarily. In this context, the regions of
after Abshar Tunnel and Dogol train station
were identified as accidents hot spot with Z-
score of 2.32, P-value < 0.05 and confidence
interval of 90-99%. This is in the line with
the results of Kernl density estimation where
these two regions also showed high rate of
accidents density. In this regard, about 11
km of this road is located in accidents hot
spot which contains 46% of the total
accidents in the road. Moreover, the cold
spot regions of accidents which show safe
parts of the road, were not identified along
the road. This could indicate that the
occurrence of road accidents in about 87 km
of the road is random with Z-score of -0.34.
Factors like driving errors, geometry and
topography of the road, climate situations
and also the occurrence of hydro
morphological hazards can influence on the
occurrence of accidents along this road.
Therefore, investigating the cause of
accidents in the sections of the road where
both density of accidents is high and also
accidents clusters are available is crucial to
improve road safety situations. In this
context, measures like improving the road
infrastructure  situations in terms of
geometry, regulating and implementing
precise driving rules, warning travelers
about the availability of dangerous parts of
the road in terms of accident occurrence, and
increasing the awareness level of drivers can
decrease the number of accidents. This will
provide a safe road for travelers.

Conclusion

Identifying the dangerous parts of the roads
in terms of accidents occurrence can be
beneficial in order to implement road safety
measures. In this research, high-density
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parts of accidents clustered along
Firoozkooh road were investigated using
spatial statistical measures such as Kernel
density estimation and hot spot analysis in
GIS. Results showed that the accidents
density and also accidents hot spot change
both in space and time. We found two parts
of the roads, after the Abshar tunnel and the
Dogol train station, to be dangerous sections
of the road in terms of accident density and
being identified as accident hot spots.
Investigating the factors affecting the high
rate of accident density and also contributing
to forming accident clusters can increase
road safety and provide safe journeys for
travelers. Investigating the factors affecting
the high rate of accident density and also
contributing to forming accident clusters can
increase road safety and provide safe
journeys for travelers.
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