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Introduction

Date of receive: - : N . . .
Visiting Mazandaran province could be a fascinating and memorable trip due to its amazing

2024/01/12 natural touristic attractions such as Caspian Sea and mount Damavand. The three main roads
Date of last review: naming Kandovan, Haraz and Firoozkooh can be used to access Mazandaran province. Among

them, passing through Kandovan road is fascinating with its beautiful natural landscapes. At the
LR sametime, thisroad isalso known asone of themost danger ousroadsof Iran duetoitsmountainous
Date of accept: location and the potential occurrence of different types of climatic and geomor phologic hazards.
2024/03/01 Apart from these dangers, the occurrence of accidents in Kandovan road is one of the main

concerns of tourists visiting west parts of Mazandaran province and also the local governments
Dateof onlinepublication: providing relief and rescue services and facilities to injured people. Therefore, it is crucial to
2024/03/14 identifying the danger ous sections of thisroad in order to minimize fatalities and socio-economic
losses. The purpose of this research is to investigate the spatio-temporal density pattern of road

accidents and also to identify accidents clustersalong Kandovan road.

Keywords:
GIS, Materials and methods
P — To thisend, we used road accidents information along Kandovan road, collected by the relief
ernel density, _— L .

vy and rescue bases of Red Crescent organization of Mazandaran province in the period of 2016 to
Hot spot analysis, 2022. Information like location, date, and the number of death and injuriesin theroad accidents
Accidents clusters, along thisroad were used in this research. First, we used GIS, spatial and statistical analysesin
Mazandaran order to get insight from road accidents distribution and statistics. . ... p Page 86
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In the next step, Kernel Density Estimation — a
Geostatitical measure — was used to investigate the
general spatial density pattern of road accidents in the
period of 2016-2022 and also the spatio-temporal density
pattern of road accidentsin every year from 2016 to 2022.
Furthermore, the hot spot analysis was implemented to
the distribution of road accidents in this period in order
to find out whether accidents are clustered, dispersed
or randomly distributed. Both general spatial pattern
and annual spatio-temporal patterns of accidents were
investigated using hot spot analysis. With this, accidents
clusters reflected as hot spots were identified based on
the GetisOrd Gi*index and the associated Z-score,
P-value and Gi-bin statistics. In this context, the number
of accident clusters, the length of road in the accident
clusters and the percentage of observed accidents in the
clusters were computed from 2016 to 2022.

Resultsand discussion

Results show that 2084 accidentswere occurred in the
period of 2016-2022 with 9076 injuries and 52 desaths.
The most number of accidents was occurred in 2022
following the end of Corona lockdown in 2021. Also,
several parts of Kandovan road indicated to contain the
highest number of accidentsdensity. Besides, the accident
density pattern changes spatially and temporarily with an
increasing trend in the number of accidents density from
the end year of Corona disease epidemic in 2020. Results
from hot spot analysis also identified several accidents
clusters aong this road in the period of 2016-2022. In
this context, road accidents clusters were identified
in Zangouleh Bridge, Majlar, Siah bisheh, Knadovan
tunnel and Ushen Bridge with average Z-score value of
3.12, average P-value smaller than 0.05 and confidence
interval of 90 to 99%. The total length of road in these
clusters was more than 14 kilometer which contains
around 60 % of the total accidents. The spatio-temporal
distribution pattern of accidents clusters and aso road
lengths in the identified clusters change decreasingly in
the period of 2016-2022. The results of this research can
be used to investigate the reasons behind the occurrence
of road accidents in the high accidents density sections

and also in accidents clusters identified along the road.
Taking proper preparation and mitigation strategies
can be beneficial in proper crisis management of road
accidents in order to avoid human causalities and socio-
economic |osses.

Conclusion

We conclude that kernel density estimation and hot
spot analysis are effective geostatistical approaches
to investigate the density pattern of road accidents and
also to identify accidents clusters. In order to increase
the safety of Kandovan road, the factors contributing to
accidents occurrence in highly dense accidents sections
of road and also in accidents clusters need to be identified,
and with implementing proper measures, their effects can
be minimized.
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