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EEL G RET G N ISR Traffic accidents are a major public health concern worldwide,
causing significant loss of life and property damage. To reduce the number of traffic accidents,

it is crucial to identify where and when recurrent accidents occur. These accidents often
follow specific spatial and temporal patterns and may form clusters, representing areas of
concentrated accidents within a geographical space. Therefore, analyzing traffic accidents in
both spatial and temporal dimensions is essential for determining the most effective and
sustainable solutions. Isfahan province is among the provinces in the country with high
accident rates in Suburban areas. Previous research conducted in Isfahan province has
predominantly relied on statistical methods and has not adequately addressed the spatial and
temporal aspects of accidents.

This study aims to address the gaps in previous research by determining the spatial and
temporal patterns of urban traffic accidents in Isfahan province and visualizing these patterns
using spatial statistical methods in a GIS environment. The novel aspect of this research lies
in utilizing spatial statistical techniques to identify and analyze the spatiotemporal patterns
of urban accidents in Isfahan province at different time intervals and intensity levels.

The spatial and temporal patterns of traffic accidents in Isfahan Province were
investigated using suburban traffic accident data from March 2017 to March 2019. After
collecting the relevant data, performing necessary preprocessing, and preparing the data, the
spatial and temporal patterns of traffic accidents occurring on the main roads, highways, and
freeways of the study area were analyzed and identified using spatial statistical methods such
as the Average Nearest Neighbor test, Spatial Autocorrelation (Global Moran's 1), and
Optimized Hot Spot Analysis (Getis-Ord Gi* technique) at different levels in a GIS
environment.

Since the aim of this study is to identify the spatial-temporal patterns of suburban
traffic accidents in Isfahan Province, the spatial distribution pattern of accident events was
first examined using the Average Nearest Neighbor and Spatial Autocorrelation (Global
Moran's I) methods. The results indicated the presence of a strong clustering pattern in the
traffic accident data during the study years in Isfahan Province. Then, an optimized Hot Spot
Analysis was performed on the entire dataset of accidents using the Getis-Ord Gi* method.
Subsequently, the analysis was conducted on the dataset of each level separately, considering
different levels such as time of day, day of week, month, year, and accident severity level. The
results of the Getis-Ord Gi* analysis at different levels showed that the majority of hot spots
with a 99% confidence level are located on the routes leading to the provincial center, namely
Isfahan City, as well as the neighboring populous cities. These areas experience the highest
volume of traffic and congestion, and the accident density decreases significantly with
increasing distance from the provincial center.

Based on the results of the Spatial Autocorrelation analysis of accidents and the
hot spot maps at the studied levels, the results showed that accidents are clustered in some
areas of Isfahan Province. Proximity to the provincial center and major populated cities has a
significant impact on the concentration of traffic accidents in this region. The frequency of
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accidents decreases with distance from major urban centers. The results of this study and the
insights gained about the spatial and temporal patterns of traffic accidents can be used to
develop new strategies, guide transportation managers and stakeholders, make decisions,
and take suitable proceedings to effectively improve the safety of accident-prone areas.
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Fig. 2: Spatial distribution of traffic accidents within the study area. The red circle
indicates the accident events.
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Fig. 1: The geographical location of the study area. The purple area indicates the center of Isfahan Province
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Average Nearest Neighbor Summary

Nearest Neighbor Ratio: 0.101540 Significance Level Critical Value
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Clustered Random Dispersed

Given the z-score of -150.854887, there is a less than 1% likelihood that this clustered pattern
could be the result of random chance.

Average Nearest Neighbor Summary
Observed Mean Distance: 221.5142 Meters
Expected Mean Distance: 2181.5374 Meters

Nearest Neighbor Ratio: 0.101540

z-score: -150.854887

p-value: 0.000000
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Fig. 3: Statistical results of the average nearest neighbor test
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Spatial Autocorrelation Report

Moran’s Index: 0.858143
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Dispersed Random Clustered

Given the z-score of 138.959724, there is a less than 1% likelihood that this clustered pattern
could be the result of random chance.

Global Moran's I Summary
Moran's Index: 0.858143
Expected Index: -0.000130
Variance: 0.000038
z-score: 138.959724

p-value: 0.000000
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Fig. 4: Statistical results of Spatial autocorrelation report with the Moran's
| significance graph, Z-score, and P-value.
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Fig. 5: Optimized hotspot analysis at the aggregate level using the complete dataset of accidents. Red, orange, and yellow cells indicate hotspots with confidence levels

of 99%, 95%, and 90%, respectively. Dark blue, light blue, and gray cells represent cold regions with confidence levels of 95%, 99%, and 90%. Pale yellow cells are
considered insignificant for hot and cold spots. The purple area denotes the provincial capital, Isfahan
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