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ABSTRACT

Landslide, as an important natural hazard, causes damage to infrastructure and leads to
economic, social and human losses. In this regard, determining the critical zones of
landslides occurrence can be used in planning for damage reduction. The aim of the
current research is analyzing and identifying landslide hot spots using Getis-Ord
algorithm in Gharnaveh watershed, Golestan province. Therefore, the frequency and
characteristics of landslides has been analyzed in different classes of slope, aspect, soil
and land uses. The area, length, width, depth and height of the precipice of landslide
features have been considered as the basis in hot spot analysis. The results showed that
the landslide hot spots are located in the eastern part of the study area, which includes
high altitude classes, rangelands and moderate slopes. Results showed that the
rangeland and forest land uses, loess soils and 50-75% slope class and the northern
aspect had the highest number of landslides. Also, the non-significant landslide points
using the Getis-Ord method and considering landslide area criterion located in the
middle and downstream of Gharnaveh watershed. Determining the landslide hotspots
and affecting factors through the spatial analysis in GIS provides the defining
thresholds in the landslide’s occurrence. The analysis of the landslide hotspots can be
a basis for spatial planning, and risk reduction. The implemented approach can be used
in the evaluation of the spatial autocorrelation of natural hazards, and in combination
with the areas prone to multiple environmental hazards can predict the risk and severity
of damages in the future.
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Extended Abstract
Introduction

Landslide, as an important natural hazard, causes damage to infrastructure and leads to economic, social and
human losses. In this regard, determining the critical zones of landslides occurrence can be used in planning
for damage reduction. Landslides, as one of the most important natural hazards, are the result of many
geodynamic processes and the results of the conducted research indicate the increasing trend of the extent,
frequency, and also the social and economic consequences of landslide occurrence in recent years. In this
regard, determining the critical areas of landslide occurrence is one of the basic requirements for improving
the management strategies of this natural hazard. On the other hand, accurate mapping of landslides and
identification of areas affected by landslides are necessary to understand related erosion processes. Spatio-
temporal maps of hotspot points of landslide occurrence can be used in developing control measures
appropriate to different areas and assessing landscape dynamics. Meanwhile, in many areas, landslides have
intensified directly under the influence of various human and natural phenomena and pose a serious threat to
residents. Therefore, determining the critical areas of landslide occurrence by examining the spatial pattern
and determining its intensity changes can help to better manage this natural hazard in the watershed. The aim
of the current research is analyzing and identifying landslide hot spots using Getis-Ord algorithm in
Gharnaveh watershed, Golestan province.

Methodology

In this regard, the frequency and characteristics of landslides has been analyzed in different classes of slope,
aspect, soil and land uses. The area, length, width, depth and height of the precipice of landslide features have
been considered as the basis in hot spot analysis. In order to carry out the present research, the landslide
occurrence points were collected and prepared during field visits and recorded by GPS in the Gharnaveh
watershed, as well as the landslide information available in the General Directorate of Natural Resources and
Watershed Management of Golestan province. In the next step, the Getis-Ord Gi* method was used in order
to investigate the hotspots of landslide occurrence in the study area. Hot spot analysis using the Getis-Ord
Gi* tool in ArcGIS is used to analyze the degree of concentration of landslides in different areas of a
watershed. The mentioned tool provides values related to the clustering of landslides. It should be noted that
the Getis-Ord statistic is used to detect spatial clusters.

Results and Discussion

The results showed that the landslide hot spots are located in the eastern part of the study area, which includes
high altitude classes, rangelands and moderate slopes. According to the findings, rangeland and forest land
uses, loess soils and 50-75% slope class and the northern aspect had the highest number of landslides. Also,
the non-significant landslide points using the Getis-Ord method and considering landslide area criterion
located in the middle and downstream of Gharnaveh watershed. Based on the results, regarding the
determination of landslide hotspots using the Getis-Ord method according to the landslide length criterion, it
can be said that there is a relatively similar pattern to the map prepared based on the landslide area criterion.
In this regard, the number of cold spots of landslide occurrence based on the criterion of landslide length
according to the low value of z-score and negative sign are located around waterways and the middle and
downstream areas of the study watershed.

Conclusions

Determining the landslide hotspots and affecting factors through the spatial analysis in GIS provides the
defining thresholds in the landslide’s occurrence. The analysis of the landslide hotspots can be a basis for
spatial planning, and risk reduction. Spatial modeling of landslides risk using statistical methods and data
mining in the study watershed in order to prioritize different areas for the implementation of protective



measures is suggested in future studies. The implemented approach can be used in the evaluation of the spatial
autocorrelation of natural hazards, and in combination with the areas prone to multiple environmental hazards
can predict the risk and severity of damages in the future.
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Fig (2): Landslide hot spots based on the landslide area criterion and the Getis-Ord method in the Gharnaveh watershed
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Fig (3): Landslide hotspots based on the landslide length criterion and the Getis-Ord method in the Gharnaveh watershed
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Fig (4): Landslide hotspots based on the landslide width criterion and the Getis-Ord method in the Gharnaveh watershed
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Fig (5): Landslide hotspots based on the landslide depth criterion and the Getis-Ord method in the Gharnaveh watershed
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Fig (6): Landslide hotspots based on the landslide height of the precipice criterion and the Getis-Ord method in the Gharnaveh
watershed
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Fig (7): The number of landslides occurrences in different percent of slope classes based on the critical areas criteria at the 95%
confidence level in the Gharnaveh watershed
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Fig (8): Number of landslides in Gharnaveh watershed in different land use classes, soil, slope degree and aspect
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Fig (9): Number of landslides in Gharnaveh watershed based on the shape of the rupture surface and activity status
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Fig (10): Number of landslides in Gharnaveh watershed based on the type of movement and type of activity
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