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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 landslideôs 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 Giz  method was used in order 

to investigate the hotspots of landslide occurrence in the study area. Hot spot analysis using the Getis-Ord 

Gi  z 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 landslideôs 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 
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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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 æö£Ċè  Çÿ½wăć  ö´£Ċô  í¾£ ÿ Ăî{LÉĊy  Ö·Ĉ  ý¿ÿĈI  ýv¾´z èÕwþùĈ ù¿ ¾Ö·ĊüÇÀâõ  ºzwÝ ÔLÅĀ£ĉþĈ  ~ ÿĊ¿ÿ¾ć  $,.43  ûw¤LÅ¾ĄLÉ ½¹ #

wLÅwþLÉ ów¸ö·Ĉĉ  w¤ý ÃwLÅv ¾z )ºLÉĉª  vĉIûwLÊ   LÉ ôùvĀÝĊIy  ¾z½wíć   LÑv½vĈI    ðþLÅ ÿ Ç½wz LÅwþLÉĈ  Ăz£¾£Ċy zĊÈ¾£ĉü §m£Ċ¾ ½v  v ¾zĉ ¹w¬  

ù¿ĊüÇÀâõ  ¾Õ ¿v )ºý½v¹ ĂÞõwÖù ¹½Āù ĂêÖþù ½¹ĉè  æö£Ċè  ā¹v¹wăć  ĂLLÊêý½v¹¾zćI ÝĀLLÑĀùĈ  ¬þLLÅ ô·vº£ ÿĈ  ½v¹v½ć  ÿ½ĉ¹¾îć   ÔLLÅĀ£

zĊ°ýwĊþĈ  $ ûv½wîúă ÿ-+,-¸LÊ£ Ăz ½¹wé Ăí ºLÉ Ătv½v #ĊÌ  ù¿ĊüÇÀâõwăć   LÆzĊ½w  ýv¾´z Ówêý ÿ Ă¤LÆăjĈ w~wý èÕwþù ÿĉ½vº  v )¹Āzĉ ûwLÊ  

ÿ½ĉ¹¾î  Āí¼ù½  ¾zđwí Àí¾ù ½¹ v½ĉw  v xĀþ« ½¹ĉõw¤Ċw  Ăz êåĀù ¡½ĀLÍĊ¢ùjĊÀć  wLÅwþLÉ ãºă wz )ºý¹Āúý ûĀù¿jĈĉ  ýĀýwí ÓwêýĈ  ù¿ĊüÇÀâõ    ½¹

À«ĉā¾ õwúLLÉĈ  ýĊIºþõ¿Ā  ö{õĀăĊ ðþ  $ ûv½wîúă ÿ-+,1ö´£ ¿v #Ċô  ÄîÝwăć  vĀăĈĉ  v )ºý¹¾í ā¹wæ¤LLÅv ¾LLÑw³ ów³ ÿ Ă¤LLÉ¼ñĉûwLLÊ  v¾zć 

wLÅwþLÉĈĉ  ù¿ĊüÇÀâõwă   LÉ Çÿ½ ¿vĈi{LÅwþù èzwÖ£ ÿ ºý¹Āúý ā¹wæ¤LÅv v¾ñĈ  ùĊûw  w¤ýĉª  ĂLÊêý Çÿ½ ÿ ½Āí¼ù Çÿ½½v¹¾zć  ù¿ĊþĈ   Ătv½v

À¬£ )ºý¹ĀúýĉĂ ö´£ ÿĊô  ½wùjć  v¾zć  ûwîùĉzwĈ  ù¿ ßv¹ ÓwêýĊüÇÀâõ  ĂLÑĀ³ ½¹wăć  ¸zjĊÀ ½ĀLÊí  w£ĉûvĀ   LÅĀ£õ ÔĊü2  $ ûv½wîúă ÿ-+,2  #

ĂzÀ¬£ )ºLÉ Ă¤å¾ñ ½wíĉĂ  ö´£ ÿĊô  ò¤LÆ{úă¹Ā·Ĉ  wLÒåĈĉ  ýwĄ«Ĉ  ö´ù ÿĈ  ĂLÉĀ· ¹Ā«ÿwăć ù¿ĊüÇÀâõ  ýv¾´z Ówêý Üú¬£ Ăí ¹v¹ ûwLÊýĈ 

ù¿ĊüÇÀâõ   LLÉwýĈ  ñºý½wz ¿vĈwăć  ºLLÉĉº   ¿v ā¹wæ¤LLÅv wz )¢LLÅv ā¹Āzĉ ì  ÿ½ĉ¹¾î  º«ĉº  À¬£ĉĂ ö´£ ÿĊô Ąz ßv¹ ÓwêýĊIĂþ    ûv½wîúă ÿ  Āõ

$-+,4Āòõv #ć ù¿ Èþív¾~ĊüÇÀâõwă  ĂêÖþù ½¹ v½  v¾¤õÿ3 v ½ĀLÊíĉõw¤Ċw  ¿½vĉzwĈ  ýºý¹Āúö´£ )ĊôýwîùĈ  ò¤LÆ{úă¹Ā· ā½wùj wzĈ  ýwîùĈ    ā½wùj

¤«ĊÄ(ù¿ Èþív¾~ ĂLí ¹Āúý Ì¸LLLÊù ¹½ÿvĊüÇÀâõwLă  ½wLùj ¾Úý ¿vć  þÞùĈ½v¹   LLLÅ½¾z wLz )ºLþ¤LLLÆăĈ  ā¹v¹wLăć  -+/ ù¿ĊüÇÀâõ   ½vÀzv ÿ

¤«ĊÄ(Ăz ¹½ÿv À¬£ĉĂ ö´£ ÿĊô  ýv¾´z ÓwêýĈ ù¿ ÛĀéÿĊüÇÀâõ  wýw¤õĀLLÅ ÔLLÅĀ£ Ç¹Ēòþz ½¹4  $-+-+ LLÉ Ì¸LLÊù #º  ö´£ ĂíĊô    èÕwþù

ýv¾´zĈ ù¿ ÛĀéÿĊüÇÀâõ   LÉwý ôöÝ ºýÿ½ ë½¹ ½¹Ĉ  ù¿ ¿vĊüÇÀâõ  ÿº£ ½¹ ÿ ¹¾í ºăvĀ· ìúíĉü   LÅĊ¢LÅwwăć  v¾z yLÅwþùć ñĀö«Ċ¾ć   ¿v

 
1 - Guzzetti 

2 - Jaedicke 

3 - Bianchini 

4 -m Hölbling 

5 - Parker 

6 - Alexander 

7- Lin 

8 - Volterra 

9 - Sultana 
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¡½wLÆ·wăć  ù¿ĊüÇÀâõ  vÀåv ÿĉÈ ăwñjĈ  ö´ù ÜùvĀ«Ĉ  ö´£ ¿v ā¹wæ¤LÅv wz )¹Āz ºăvĀ· ¾§oùĊô  ÞÖé ôùwÝĊI¢  ù¿ ÛĀéÿĊüÇÀâõ  w£ ½¹ĉûvĀ 

$  ÿÿ ÔLLÅĀ£-+--¿½v ¹½Āù #ĉzwĈ  v ÈăÿÂ~ ½¹ )¢å¾ñ ½v¾éĉûwLLÊ  ¹wêù ¿vĉ¾  Z  ¤« ā½wùjĊÄ(v¾z ¹½ÿvć ¿½vĉzwĈ  Āòõvć ĂLLÉĀ·ºþzć    ôùwî£

ù¿ĊüÇÀâõ   êù ½¹ĊÃwwă  ā¿vºýv ÿăwć  w¤ý ÃwLÅv ¾z )ºLÉ ā¹wæ¤LÅv äö¤¸ùĉª  ù¿ ºÞ¤LÆù èÕwþù Ăí ºLÉ Ì¸LÊùĊüÇÀâõ  v½v¹ć    Ûwæ£½v

,20+(,+++   LÉ I¾¤ùĊy zĊÈ   ¿v/+ «½¹IĂ  Ăþùv¹ ÿwăĈĉ  ¢Ą« wzwăć  õwúLÉĈI    ½¹ ÿ ā¹Āz ç¾LÉ xĀþ« ÿ ç¾LÉ Iç¾LÉ ówúLÉ,++  ¾¤ù ć  

ĂLýwL·¹ÿ½āºLLLÉ Üévÿ wLăĂLLLÉĀ· )ºLývwLăć  ù¿ĊüÇÀâõ  ù¿ ÛĀéÿ ĂLí ¹v¹ ûwLLLÊýĊüÇÀâõwLăć  ĂLz ï½Àz£¾£ LĊy  /*-    ÿ1*1  z ¾zv¾zĊÈ¾£   ¿v

ù¿ĊüÇÀâõwăć  úă ½¹ )¢LLLÅv ā¹Āz ì¯Āí ÿ ÔLLLÅĀ¤ùĊü  wă½vÀzv Iw¤LLLÅv½ć ́£öĊô  Āòõvć  ýwîùĈ  ÿ ü¤å¾ñ ¾Úý ½¹ wzĉñÂĈ  ĉ ì    ĂLLLÑ½wÝ

ù¿$ĊüÇÀâõÿ ½wþí ½¹ #ĉñÂĈwăć  wLLÆúă Ï½vĀÝĉĂ  ö´£ ĂzĊô  ò¤LLÆ{úăĈ  ýwîùĈ  ûj ùĈ~¹¿v¹¾Ăz )£½w{ÝĈ  vĉü  Āòõv Iwă½vÀzvć ö´ùĈ  $ ĉì  

ÿĉñÂĈ  wLÆúă ÿ ãºăĉûwò  ½wùj ¾Úý ¿v v½ #ûjć  Āòõv wzć ýwĄ«Ĉ  ÿ Ăúă$ĉñÂĈwăć  wêù #ā¹v¹ ĂÝĀú¬ùĉĂLÆ  ùĈºþþí   ò¤LÆ{úă ¹½Āù ½¹ ÿ Ĉ  

ýwîùĈ  º~ĉāºwă  ýv¾´z ÿ ĂzwLÊù Ówêý ¹Ā«ÿ ÿĈ ù ¡ÿwLÒéĈºþþíò¤LÆzvÿ )Ĉ ýwîùĈ  ÿĉñÂĈwăć  ¹Àýĉ ì  v ÿ ºþ¤LÆă ĂzwLÊù MđĀúÞù Iøă Ăzĉü 

ò¤LLÆzvÿ ÛĀýĈ  ā¹v¹ yöáv ½¹wăć  ýwîùĈ  ö´£ )¹½v¹ ¹Ā«ÿĊô    ßv¹ ÓwêýĉîĈ  wă½vÀzv ¿vĈĉ Ăz Ăí ¢LLÅv LLÅ½¾z ½ĀÚþùĈ  ò¤LLÆ{úăĈ  ÿ Āòõvć 

ýwîùĈ  ù ā¹wæ¤LÅv Ï½vĀÝĈ¹ĀLÉö´£ ½¹ )Ċô ¤« ā½wùj ½vºêù Ißv¹ ÓwêýĊÄ(v¾z ¹½ÿvć ÿ ¾ăĉñÂĈ    ½¹ĉ ì  ù Ă{LÅw´ù ā¹v¹ ĂÝĀú¬ùĈ¹ĀLÉ  )

w¤ýĉª  ¹wêùĉ¾  ¤ùvĊ¿w  z þÞù ²ÖLÅ ÿĈ½v¹ć  ûwLÊýĀòõv āºþă¹ć ĂLÉĀ·ºþzć  ýwîùĈ  ÿĉñÂĈwăć  v½v¹ć  ¹wêùĉ¾  ¿ĉ¹w  ĉw  v ÃwLÅv )ºþ¤LÆă øíĉü 

wêù ¾z Çÿ½ĉÿ ¾ă ĂLÆĉñÂĈ  ¹wêù Ăz ¢{LÆýĉ¾  ÿĉñÂĈwăć  wLÆúă ÓwêýĉĂ  úă ½¹ )¢LÅv ½vĀ¤LÅvĊü  v¾z IÓw{£½vć vĉĂîþ  ĉ ì   ¾Úý ¿v øĄù ĂÖêý

½wùjć    IºLÉwzĉ ì  ¹ºÝ ½vºêù wz ĂLÑ½wÝć   LÑ½vĀÝ Ăz ¢{LÆý đwzĈ  ¹wêù wzĉ¾  ù Ă¤å¾ñ ¾Úý ½¹ ºýv ā¹Āúý ĂÕw³v v½ ûj ãv¾Õv Ăí đwzĈ    )¹ĀLÉ

À¬£ĉĂ ö´£ ÿĊô  ù¿ ßv¹ ÓwêýĊüÇÀâõwă  ĂLÑĀ³ ½¹wăć  ¸zjĊÀ  v¾zć  ¿½vĉzwĈ  z ĂÖzv½Ċü  wăĀòõv ÿ wă¾¤ùv½w~ć  ĂLÉĀ·vć ýwîùĈ    ÷w¬ývùĈ ¹ĀLÉ  

z$Ċ°ýwĊþĈ    Iûv½wîúă ÿ-+,-  5,,00õ JĀ,    Iûv½wîúă ÿ-+,4ýv¾´z Ówêý )#ĈI ÇÀâõ èÕwþù ĂöLLÍwå ÿ ¢ÞLLÅÿ  ¿v wăĉºîĉ¾ò    Ă¤LLÆ«¾z v½

ùĈIºþþí  õw³ ½¹Ĉ  wă¾¤ùv½w~ Ăíć  ¿Ā£ wz Ô{£¾ùĉÜ  ýwîùĈI  ù¿ ¢{LLÆý ÿ øív¾£ĊüÇÀâõwă  z v½ ²ÖLLÅ ½¹Ċûw  ùĈºþþíý ûw¤LLÆöñ ûw¤LLÅv )ĊÀ 

Ăzõ¹Ċô  v¾LÉĉÔ vĀă ÿ xj Ëw·ĈĉI  åĊÀĉ åv¾ñĀĈ  ñ ÈLÉĀ~ ÿĊăwĈ  ù¿ ÛĀéÿ ¾Ö· Ï¾Þù ½¹ ā½vĀúăĊüÇÀâõ  ¹v¾ù$ ¹½v¹ ½v¾éć    Iûv½wîúă ÿ

,.34ý Ăí #Ċ¿w  º« Ă«Ā£ ¹½Āù ¢LÅvć  ñ ½v¾éĊ¹¾v¾zwþz )ĉü   Ăz Ă«Ā£ wzúăvĊ¢  À¬£ I¾LÑw³ ÈăÿÂ~ ãºă IÛĀLÑĀùĉĂ  ö´£ ÿĊô  wLÅwþLÉ ÿ Ĉĉ  

ýv¾´z èÕwþùĈ ù¿ ÛĀéÿĊüÇÀâõ  ýwîù ½wùj ¿v ā¹wæ¤LÅv wz ÿĈ  ½Āòõv ÿĉø¤  ¤«ĊÄ(¾zj ĂLÑĀ³ ½¹ ¹½ÿvĉÀ   ûw¤LÅv$ ĂõĒí ûw¤LÅ¾ĄLÉ ½¹ āÿwý¾é

v ½¹ )¢Åv #ûw¤Æöñĉü ù¿ ÛĀéÿ ¾z ¾§Āù ôùvĀÝ Iw¤Åv½ĊüÇÀâõ  ý ĂÞõwÖù ¹½Āù ĂêÖþù ½¹ĊÀ ù¹½Ā ¿½vĉzwĈ  ù ½v¾éĈñĊ¹¾  ) 

 

- (   Çÿ½ ÿ ¹vĀù 

,(-  ĂÞõwÖù ¹½Āù ĂêÖþù 

zj ā¿Ā³Àĉ¾    āÿwý¾éĉîĈ  ¿ ¿vĉā¿Ā³¾wăć  ¸zjĊÀ ¤³wLÆù wz ¹ÿ¾ýwñ¾ñĈ    ¹ÿº³,-02  íĊÜz¾ù¾¤ùĀö  Ăz ûw¤LÆöñ ûw¤LÅv ĂõĒí ûw¤LÅ¾ĄLÉ ½¹ y{LÅ

ëw· ¹Ā«ÿwăć  wLLÅ¾å wzĉÈ¼~ĉ¾ć  ñ ÈLLÉĀ~ IđwzĊăwĈ  ÞLLÑĊä   LLÆýw¤~ ÿĊô  đwzć  ù¿ ÛĀéÿĊüÇÀâõ  Ăz£wÞõwÖù ĂêÖþù ûvĀþÝĈ   ÈăÿÂ~

£wÞõwÖù ĂêÖþù ½¹ Ûwæ£½v ¾¨ívº³ ÿ ôévº³ )ºLÉ xw¸¤ýv ¾LÑw³Ĉ  Ăz£¾£Ċy  wz ¾zv¾z,/3   ÿ,/4.  ½¹ ²ÖLÅ ¿v ¾¤ùĉw  ùĈºLÉwz  ¹½Āù ĂêÖþù )

v½v¹ ĂÞõwÖùć   åv¾ñĀ~Ā£Ĉ   LÉ ÿ ¢LÅv ½vĀúăwýĊy    ĂÞõwÖù ¹½Āù ĂLÑĀ³ ÔLÅĀ¤ù-1 È¸z ½¹ Ăí ¢LÅv ºLÍ½¹wăć w~Ċĉü¢LÅ¹  Èăwí  ùĈĉºzw  )

ñºý½wz ÔLLÅĀ¤ùĈ   āÿwý¾é ā¿Ā³ ½¹/,3 ùĊöĈ¾¤ù   LLÅv¢¾z½wí )ć   LLÑv½vĈ    yõwá¹ ¢Ýv½¿ ĂêÖþùĉø  È¸z ÿ ¢LLÅvwăć  ¿ĉ¹wć    øă ĂêÖþù ¿v

Ăzā¾Ąz ów³ ½¹ Ü£¾ù ¡½ĀLÍ½v¹¾zć  ½wþ¯ ¾zwLÍ$ ¢LÅvć    Iûv½wîúă ÿ,.43  52+ LÅ Mw£ºúÝ ĂLÑĀ³ ëw· )#Ċ¤öĈ  ùĀõĈ  ù¿ ¾Úý ¿v ÿĊü LÅwþLÉ Ĉ  

ýĊÀ Ăz Mw£ºúÝ LÅÿĊĂö ć¹wz ¡wzĀLÅ½(ĉõw°¸Ĉ  º« ¡wzĀLÅ½ ÿ Äõ ô¨ùĉº  ºé ÿĉø  ¾zj¤åĈ   LÉĀ~Ċāº  ëw· )¢LÅv āºLÉĂz ĈLÆõ ćwă ¿v Ĉîĉ ûvĀþÝ

øĄùëw· āÿ¾ñ üĉ¾£õwúLÉ È¸z ĈöLÍv ÈLÉĀ~ Iāºþ{ù½ ćwăĈ  Ĉù ôĊîLÊ£ v½ ûw¤LÆöñ ûw¤LÅv ĂõĒí ûw¤LÅ¾ĄLÉÚåw³$ ºþă¹ĈÃºêù   ÿ

  Iûv½wîúă,.4+  5/+zj ā¿Ā³ )#Àĉ¾  ¾éĂz āÿwý£v» ½ĀÕĈ  wLLÅ¾å ćv½v¹ĉÈ¼~ĉć¾  đwzĈĉ  ·¾z ½¹ ÿ ¢LLÅvĈ  v½v¹ èÕwþùć  Ăăv¾zjwăĈĉ   èúÝ wz

¿ĉ¹w  ¹ ÿĉā½vĀćwă  )¢Åv ć¹ĀúÝ ÞéĀùĊ¢  zj ā¿Ā³Àĉ¾   ôîÉ ½¹ ûw¤Æöñ ûw¤Åv ÿ ½ĀÊí ½¹ ÈăÿÂ~ ¹½Āù,  )¢Åv āºÉ Ătv½v 

 
1 - Lu 



 Þ£ĊĊü ýv¾´z èÕwþùĈ ù¿ ÛĀéÿ Ċ üÇÀâõ Ì·wÉ ¿v ā¹wæ¤Åv wz  )))))                                                                         ûv½wîúă ÿ Ĉýwz¾é üĊÆ³¾Ċùv 
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ôîÉ $, 5#ÞéĀùĊ¢ åv¾â«ĊwĈĉ  ½¹ ĂÞõwÖù ¹½Āù ĂêÖþù ÿ ûw¤Æöñ ûw¤Åvvĉ ûv¾ 

Fig (1): Geographical location of the study area in Golestan province and Iran 

 
-(-  ÈăÿÂ~ Çÿ½ 

Ăzù¿ ÛĀéÿ Ówêý I¾LÑw³ ÈăÿÂ~ ÷w¬ýv ½ĀÚþùĊüÇÀâõ  ÕĈ  ¹¿wzĉwăºć  v¾´LÍĈĉ    ÔLÅĀ£ ¢{§ ÿGPS  ý ÿ āÿwý¾é Àĉ¾zj ĂLÑĀ³ ½¹ĊÀ   ¡wÝĒÕv

ù¿ĊüÀâõ  ½¹ ¹Ā«Āù Ç{Õ Üzwþù ôí ā½v¹vĊÞĈ  ¸zj ÿĊ½v¹Àć Üú« ûw¤LÆöñ ûw¤LÅv½ÿjć  Ą£ ÿĊĂ  Ăz IºÞz ÷wñ ½¹ )ºLÉ LÅ½¾z ½ĀÚþùĈ  ßv¹ Ówêý

ù¿ ÛĀéÿĊüÇÀâõ  Öþù ½¹Ăê  £wÞõwÖùĈ   Çÿ½ ¿vGetis-Ord Giz  À¬£ )ºLLÉ ā¹wæ¤LLÅvĉĂ  ö´£ ÿĊô  ā¹wæ¤LLÅv wz ßv¹ ĂÖêý  ½vÀzv ¿vGetis-Ord 

Gi  z    ½¹ArcGIS ö´£ ãºă wzĊô  üĊù¿ Àí¾ú£ Ă«½¹ÇÀâõ  äö¤¸ù èÕwþù ½¹ wăĉ ì  ù ā¹wæ¤LÅv ĂLÑĀ³Ĉ¹ĀLÉ¹wêù ā½wLÉv ¹½Āù ½vÀzv ) ĉ ¾  

ĂLÉĀ· Ăz ÓĀz¾ùºþzć üĊù¿ÇÀâõù Ătv½v v½ wăĈºă¹    Iûv½wîúă ÿ wýw¤õĀLÅ$-+-+ )#  ā½wùj Ăí ¢LÅv ¾í» Ăz ÷¿đGetis-Ord  v¾zć ¸LÊ£Ċ Ì  

ĂLÉĀ·wăć ýwîùĈ  ù ā¹wæ¤LÅvĈ¹ĀLÉv )ĉü  ĂLÉĀ· w£ ¹Āz ºăvĀ· ½¹wé Ì·wLÉwăĈĉ wLÅwþLÉ v½Ĉĉ    ā½wùj ¿v ā¹wæ¤LÅv ÷wòþă ¢LÅv üîúù Ăí ºþí

ýwîùĈ  ýwĄ«Ĉ   ā½wùj )ºýĀÊý ā¹v¹ ûwÊýGetis-Ord v¾zć ÿĉñÂĈ i  ĂÖzv½ ÔÅĀ£,   w£. ù Ă{Åw´ùĈ¹ĀÉ5 
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½wùj Iûj ½¹ ĂíāGi*  ¤ùvĊ¿w  z wþ{ù ÿć  Þ£ĊĊü  Āòõvć ĂLÉĀ·ºþzć ýwîùĈ  øă )¢LÅvþ¯ĊIü  xj   ĂLÑ½wÝ Ăz ÓĀz¾ù ĂLÎ¸LÊù ½vºêùj IWij   û¿ÿ

ýwîùĈ  ùĊûw    ĂLÑ½wÝi   ÿj    ÿn ĂLÑ½wÝ ôí ¹vºÞ£wăć   LÅ½¾z ¹½ĀùĈ  ¤« ÿ ¹½ÿv$ ¢LÅvĊÄ,  I,440  5-4+ýwz¾é JĈ    Iûv½wîúă ÿ,/+,wz )#ĉ º  

v ½¹ Ăí ¹ĀLÉ ā½wLÉvĉü  ù¿ āwò£¾~ Ûwæ£½v ÿ èúÝ IÏ¾Ý IóĀÕ I¢³wLÆù IÈăÿÂ~ĊüÇÀâõ  Þ£ ½¹ĊĊü  ù¿ ÛĀéÿ ¡ºLÉĊüâõÇÀ    ½v¾é ¾Úýºù

wþ{ù Ăí ¢å¾ñć  ĂLÉĀ·ºþzć ýwîùĈ  ýĊÀ Ăz )¢LÅv āºLÉ Ă¤å¾ñ ¾Úý ½¹wz ¢³wÆù ôùwÝ ËĀÎ· ½¹ ĂýĀúý ûvĀþÝĉº    ¾ñv Ăí ¢æñĉ ì    ĂÑ½wÝ

ù¿ĊüÇÀâõ  ¿ ¢³wLÆù wzĉ¹w  ù¿ ÔLÅĀ£ ĂíĊüÇÀâõwăĈĉ  wz  Ăz ¢LÅv āºLÉ ĂÕw³v ãv¾Õv ½¹ đwz ¢³wLÆù  ûvĀþÝĉ ì  þÞù ÿ ßv¹ ĂÖêýĈ½v¹   ¿v

½wùj ¾Úýć  ¾Þ£ĉä ùĈ¹ĀLLÉ ¢³wLLÆù ÛĀú¬ù )ĉ ì  ù¿ĊüÇÀâõ  ù¿ ÿĊüÇÀâõwăć  öí ÛĀú¬ù wz yLLÅwþ¤ù ûj ãv¾ÕvĊĂ  ù¿ĊüÇÀâõwă ć  

wêù ĂêÖþùĉĂLÆ  ùĈ¹ĀLÉùwòþă )Ĉ  ¢³wLÆù ÛĀú¬ù Ăí  ½¹ wăĉ ì   LÆz Iā¹ÿº´ùĊ½w  ù ¿v ¡ÿwæ¤ùö´ù ÛĀú¬Ĉ  ¢³wLÆùwăć    ºLÉwz ½wÚ¤ýv ¹½Āù

v ¾ñv ÿĉü z ¡ÿwæ£ĊÈ  å¹wLLLÎ£ ÿ ºLLLÉwz ï½Àz º³ ¿vĈ  ý çwæ£vĊā¹w¤æ    IºLLLÉwzĉ ì  ¤ùvĊ¿w  z ½wùjć  þÞùĈ½v¹  vĉ¹w¬  ùĈ¹ĀLLLÉ  ó½w·Ā~$-    ÿ

  Iûv½wLîúă-+-,  ¡v¾úý ½vºLêù ĂL̄ ¾ă )#z  z ÿ ¢L{¨ùĊÈ¾£ ½wLùj ¾Úý ¿v IºLLLÉwLzć  þÞùĈ½v¹  ĂLLLÉĀ· ÿ ¢LLLÅvºLþzć ¹wLêùĉ¾   Lzđw    #ßv¹ ĂLÖêý$

ā¹¾LÊå  ¡v¾úý ¹½Āù ½¹ )¹Āz ºăvĀ· ¾£z  æþùĈ  þÞù ÿĈ½v¹  ½wùj ¾Úý ¿vćI  ¤ùv Ă¯¾ăĊ¿w  z   ì¯ĀíĂLÉĀ· IºLÉwz ¾£ºþzć  ¹wêùĉ¾  w~Ċĉü    ĂÖêý$

ā¹¾LÊå #¹¾LÅ¤ùv ¾ñv )¹Āz ºăvĀ· ¾£Ċ¿w  z ¹Àýĉ ì  v Ăz ºLÉwz ¾æLÍ Ăzĉü þÞùĈ  Āòõv Ăí ¢LÅvć ĂLÉĀ·ºþzć ýwîùĈ   LÎ¸LÊùĈ zwé )¹½vºý ¹Ā«ÿ ô  

ù¿ Ï¾Ý ÿ óĀÕ Ăí ¢Åv ¾í»ĊüÇÀâõ  ýĊÀ  ĂzĂÎ¸Êù ûvĀþÝwăć  v øĄùĉü º~ĉāº  ´ù ôùvĀÝ ¿v ¾§m¤ùĊÖĈ  ù Ăí ¢ÅvĈºývĀ£ wþ{ùć  ö´£Ċ ô  

ýwîùĈ  ù¿ ÛĀéÿĊüÇÀâõ  ù¿ āwò£¾~ Ûwæ£½v ÿ èúÝ IāºLÉ Ă¤æñ ¹½vĀù ¾z āÿĒÝ )ºLÉwzĊüÇÀâõ  ýĊÀ §m£ wzĊ¼~¾ĉ¾ć   LÉ óĀÕ ¿vĊIy   ÿ ëw· èúÝ

 LÉ Ă«½¹Ċy ù¿Ċü  ùĈºývĀ£   z ÛĀéÿ Ăz ĂzwLÊù èÕwþù ½¹Ċ¹ºýĀ ö´£ ½¹ ĂíĊô  ýv¾´z èÕwþùĈ ù¿ ÛĀéÿĊüÇÀâõ    ½¹ )¢LÅv Ă¤å¾ñ ½v¾é ¾Úýºù

ÿ IĂùv¹vĉñÂĈwăć  ù¿ĊüÇÀâõwăć   LÆñ ²ÖLÅ ôîLÉ ÃwLÅv¾z ĂÞõwÖù ¹½ĀùĊò¤¸Ĉ   LÊ·¾¯$ĈI  ýĀñÁvÿĈI  õwê¤ývĈ  á ÿĊā¾ÞLÑÿ I#Ċ¢    IówÞå$

{¨£ LĊ¢  á ÿ āºLLLÉĊā¾~ ÛĀý I#ĊÈÿ½ć  Ä~$ Lýÿ½Iāº  ~ĊÈāºýÿ½  á ÿĊā¾õwLÞå āĀ´ý ÿ #Ċ¢  ~ Iā¹wLLLÅ$Ċ°ĊIāº  õvĀ¤ùĈ  á ÿĊā¾ù¿ ÛĀéÿ #Ċü ÇÀâõ  

ö´£Ċô  ù¿ Ăí ¢LÅv ¾í» ôzwé )ºýºLÉĊüÇÀâõwăć  ÞéĀù ÃwLÅv¾z ĂÞõwÖù ¹½ĀùĊ¢  ¾z½wí äö¤¸ù ¡wê{Õ ½¹ć   LÑv½vĈ  øă ÿþ¯Ċü   ëw· ÛĀý

 LLÅ½¾z ¹½Āù ¾¤LLÆzĈ øă )ºþ¤å¾ñ ½v¾éþ¯ĊIü  ù¿ ÛĀéÿ ¹vºÞ£ĊüÇÀâõwă  ¾ă ½¹ĉ ì  LLÉ ¡wê{Õ ¿vĊy  ù¿Ċü ¢Ą« ÿwăć  åv¾â« äö¤¸ùĊw Ĉĉ  

ö´£ ¹½ĀùĊô  )¢å¾ñ ½v¾é 

 

. (  w¤ýĉª   ¦´z ÿ 

w¤ýĉª  Ą£ ¿v ôLÍw³ĊĂ ¿Ā£ ĂLÊêýĉÜ ù¿ ÛĀéÿ ßv¹ ÓwêýĊüÇÀâõ  Þù ÃwLÅv¾zĊwă½wć  ù¿ āwò£¾~ Ûwæ£½v ÿ èúÝ IÏ¾Ý IóĀÕ I¢³wLÆùĊü ÇÀâõ  

ö´£ Çÿ½ ÿĊöĈ  Getis-Ord ¾zj ĂÑĀ³ ½¹ĉÀ ôîÉ ½¹ ûw¤Æöñ ûw¤Åv āÿwý¾éwăć  -   w£1  )¢Åv āºÉ ā¹v¹ ûwÊý 

 

 
1 - Ord and Getis 2 - Pokharel 
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 Þ£ĊĊü ýv¾´z èÕwþùĈ ù¿ ÛĀéÿ Ċ üÇÀâõ Ì·wÉ ¿v ā¹wæ¤Åv wz  )))))                                                                         ûv½wîúă ÿ Ĉýwz¾é üĊÆ³¾Ċùv 

 

 
ā
½
ÿ
¹
 
I
ć
Á
Ā
õ
Ā
å
½
Ā
ù
Ā
t
Á
ÿ
½
º
Ċ
ă

,
+

 
ā
½
w
ú
É
 
I

.
1

I 
À
Ċ
t
w
~

 
,
/
+
-

 

 
ôîÉ $- 5#ù¿ ÛĀéÿ ßv¹ ÓwêýĊü ÇÀâõ Þù ÃwÅv¾zĊ½w  ¢³wÆùĂþĄ~ ĈÉÀâõ ćwă Çÿ½ ÿGetis-Ord  āÿwý¾é Àĉ¾zj ĂÑĀ³ ½¹ 

Fig (2): Landslide hot spots based on the landslide area criterion and the Getis-Ord method in the Gharnaveh watershed 

 

ÃwLÅv¾z w¤ýĉª   ôîLÉ ½¹ āºLÉ Ătv½v-ù¿ ÛĀéÿ ßv¹ Ówêý IĊüÇÀâõ   é¾LÉ ā¹ÿº´ù ½¹Ĉ  £wÞõwÖù ĂêÖþùĈ  v )¢LÅv Ă¤å¾ñ ½v¾éĉü  ¾Úý ¿v ĂêÖþù

Ýwæ£½vĈ  ýĊÀ  wæ£½v ¡wê{Õ ½¹  ĈÝ40+   w£,0++    ¾¤ù½¹ ²ÖLÅ ¿vĉw  wz )¢LÅv Ă¤å¾ñ ½v¾éĉº  ¾z½wí Ăí ¹Āúý ā½wLÉvć   LÑv½vĈ  Þ£¾ùĈ   LÉ ÿĊy    đwz

¹ ¿vĉ¾ò ÿĉñÂĈwăć  v¹ Ówêýß ù¿ ÛĀéÿĊüÇÀâõ  Þù ÃwLÅv¾zĊ½w  ¢³wLÆù  üĊù¿ÇÀâõ    ûw¤LÅ¾ĄLÉ āÿwý¾é Àĉ¾zj ĂLÑĀ³ ½¹ )¢LÅv ā¹Āz ĂõĒí

øăĈù üĊþ¯Ăþùv¹ ¹Ā«ÿ Ăí ¢æñ ûvĀ£üĊù¿ ćwăºý¿wLÅ ½¹ ÃwLÆ³ ćwăüĊù¿ ÛĀéÿ ºÞ¤LÆù ÿ ÃwLÆ³ ĈLÅwþLÉ  Ăí ¢LÅv āºLÉ ¦Ýwz ÇÀâõ

ôzwé ¢³wLÆùĂþĄ~ ¿v ĈĄ«Ā£üĊù¿ ÛĀéÿ Ăí ¹¾Ċñ ôîLÉ ĈLÉÀâõ ćwăûj ¿v )ºĉwúý ôĊĄLÆ£ v½ ÇÀâõ Ĉýv¾´z èÕwþù āºLÉ Ătv½v ĂLÊêý Ăí w«

½wĊÞù ÃwLLÅv¾z  üĊù¿ ¢³wLLÆùÇÀâõĈù v¼õ I¢LLÅv ā¹Āz wăüĊù¿ ÛĀéÿ Ăí ¢æñ ûvĀ£ÇÀâõ  ¹w¬ĉv ¦Ýwz ¾Úý ¹½Āù ā¹ÿº´ù ½¹ øív¾¤ù ćwă

üĊù¿ ÛĀéÿ Ăí ¢LÅv Ĉñºý½wz ćđwz ¾ĉ¹wêù wz è{Öþù ½Āí¼ù èÕwþù Ăí ¹ĀLÉ ā½wLÉv ºĉwz )¢LÅv āºLÉ ÇÀâõ ÛĀéÿ Ĉýv¾´z Ówêý v½ ÇÀâõ

  )¢LÅv ā¹Āúý ºĉºLÆ£úă ½¹Ċü  ù¿ ÛĀéÿ Ówêý Iw¤LÅv½ĊüÇÀâõ  áĊþÞù¾Ĉ½v¹  ½wùj ¾Úý ¿vć    Çÿ½ ¿v ā¹wæ¤LÅv wzGetis-Ord  Þù ÃwLÅv¾z ÿĊ ½w  

ù¿ ¢³wÆùĊüÇÀâõ  ù èÕwþù ½¹ĊýwĈ  w~ ÿĊĉü¢Å¹  ¹ ½v¾é ĂÞõwÖù ¹½Āù Àĉ¾zj ĂÑĀ³¹½v  ) 
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ôîÉ $.5# ù¿ ÛĀéÿ ßv¹ ÓwêýĊüÇÀâõ Þù ÃwÅv¾zĊ½w  óĀÕüĊù¿ ÇÀâõ Çÿ½ ÿGetis-Ord  āÿwý¾é Àĉ¾zj ĂÑĀ³ ½¹ 

Fig (3): Landslide hotspots based on the landslide length criterion and the Getis-Ord method in the Gharnaveh watershed 

 

ÃwLÅv¾z  w¤ýĉª  ĂzÞ£ ËĀLÎ· ½¹ ¾LÑw³ ÈăÿÂ~ ¿v āºùj ¢LÅ¹ĊĊü  ù¿ ÛĀéÿ ßv¹ ÓwêýĊüÇÀâõ   Çÿ½ ¿v ā¹wæ¤LÅv wzGetis-Ord   wz èzwÖù

ÞùĊ½w  ù¿ óĀÕĊüÇÀâõ    ôîLLÉ ½¹ ©½ºþù ÿ. ùĈûvĀ£  Āòõv Ăí ¢æñć  ĄzwLLÊù Mw¤{LLÆýĈ  Ą£ ĂLLÊêý wzĊĂ Þù ÃwLLÅv¾z āºLLÉĊ½w    ¢³wLLÆù

ù¿ĊüÇÀâõ  úă ½¹ )¹½v¹ ¹Ā«ÿĊü  w{£½vIÓ  ù¿ ÛĀéÿ ¹¾LÅ Ówêý ¹vºÞ£ĊüÇÀâõ  Þù ÃwLÅv¾zĊ½w  ù¿ óĀÕĊüÇÀâõ  vºêù Ăz Ă«Ā£ wz¤ùv øí ½Ċ ¿w  

z  æþù ¢ùĒÝ ÿĈ  Ăăv¾zj ãv¾Õv ½¹ù ā¹ÿº´ù ÿ wăĊýwĈ  w~ ÿĊĉü¢Å¹  £wÞõwÖù Àĉ¾zj ĂÑĀ³Ĉ  Ă¤å¾ñ ½v¾é)ºýv 

 

 
 ôîÉ$/ 5#üĊù¿ ÛĀéÿ ßv¹ Ówêý Ï¾Ý ½wĊÞù ÃwÅv¾z ÇÀâõüĊù¿ ÇÀâõ Çÿ½ ÿGetis-Ord  āÿwý¾é Àĉ¾zj ĂÑĀ³ ½¹ 

Fig (4): Landslide hotspots based on the landslide width criterion and the Getis-Ord method in the Gharnaveh watershed  
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 Þ£ĊĊü ýv¾´z èÕwþùĈ ù¿ ÛĀéÿ Ċ üÇÀâõ Ì·wÉ ¿v ā¹wæ¤Åv wz  )))))                                                                         ûv½wîúă ÿ Ĉýwz¾é üĊÆ³¾Ċùv 
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ÃwLLÅv¾z w¤ýĉª    ôîLLÉ ½¹ āºLLÉ Ătv½v/ ùĈûvĀ£  Āòõv Ăí ¢æñć ù¿ ÛĀéÿ ßv¹ Ówêý Èþív¾~ĊüÇÀâõ  Þù ĂzwLLÊù āÿwý¾é Àĉ¾zj ĂLLÑĀ³ ½¹Ċ ½w  

ù¿ óĀÕĊüÇÀâõ   LÊ·¾¯ Ăz Ă«Ā£ wz )¢LÅvĈ  ù¿ yõwá û¹ĀzĊüÇÀâõwăć  ù IÈăÿÂ~ ¹½Āù ĂêÖþù ½¹ āºLÉ ¢{§ĈûvĀ£    Ăí ¢LÉv¹ ā½wLÉv

ù¿ Ï¾Ý ÿ óĀÕĊüÇÀâõwă  Úý ¿v¾ ¾ê£ ¹wÞzvĉMw{  Āòõv Ătv½v y{LÅ Ăí ºþ¤LÆă yLÅwþ¤ù øă wzć ýwîùĈ  ĉûwLÆî  Çÿ½ ¿v ā¹wæ¤LÅv wz Getis-Ord  

v¾zć ÞùĊwă½wć  ù¿ Ï¾Ý ÿ óĀÕĊüÇÀâõ ôîÉ$wăć  .   ÿ/)¢Åv āºÉ # 

 

 
ôîÉ $05# ù¿ ÛĀéÿ ßv¹ ÓwêýĊüÇÀâõ Þù ÃwÅv¾zĊ½w  èúÝüĊù¿ ÇÀâõ Çÿ½ ÿGetis-Ord  āÿwý¾é Àĉ¾zj ĂÑĀ³ ½¹ 

Fig (5): Landslide hotspots based on the landslide depth criterion and the Getis-Ord method in the Gharnaveh watershed 

 

ĉĂ¤åwwăć  öÞå ÈăÿÂ~ ¿v ôLÍw³Ĉ  Þ£ ËĀLÎ· ½¹ĊĊü  ù¿ ÛĀéÿ ßv¹ ÓwêýĊüÇÀâõ  Þù ÃwLÅv¾zĊ½w  ù¿ èúÝĊüÇÀâõ    ôîLÉ$0 ¿v ā¹wæ¤LÅv wz #

 Çÿ½Getis-Ord ù ûwLÊýĈºă¹  ù¿ ÛĀéÿ Ówêý Iāÿwý¾é Àĉ¾zj ĂLÑĀ³ ½¹ ĂíĊüÇÀâõ  þÞù ãĒ¤·v èúÝ ¾Úý ¿vĈ½v¹ć   wzĉºîĉ¾ò  wz )ºý½vºýĉ º  

  wĄþ£ Ăí ¹ĀLÉ ā½wLÉvºþ¯  ù¿ ÛĀéÿ ĂÖêýĊüÇÀâõ  ù È¸z ½¹ĊýwĈ  £wÞõwÖù Àĉ¾zj ĂLÑĀ³Ĉ  úÕv ²ÖLÅ ½¹Ċûwþ  44 Ăz ºLÍ½¹ĂÖêý ûvĀþÝ   ßv¹

¸LÊ£ĊÌ  ù Ä~ )¢LÅv āºLÉ ā¹v¹ĈûvĀ£  þÞù ¡ÿwæ£ Ăí ¢æñĈ½v¹ć  ò¤LÆ{úă ¾Úý ¿vĈ  ýwîùĈ  ùĊûw  ù¿ĊüÇÀâõwăć  ~ ÛĀéÿ ĂzĊĂ¤LÅĀ    ½¹

ù¿ èúÝ ÃwÅv¾z āÿwý¾é Àĉ¾zj ĂÑĀ³ĊüÇÀâõ    āºăwÊùºÊý) 
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ôîÉ $15# ù¿ ÛĀéÿ ßv¹ ÓwêýĊü ÇÀâõ Þù ÃwÅv¾zĊ½w ù¿ āwò£¾~ Ûwæ£½vĊüÇÀâõ  Çÿ½ ÿGetis-Ord  āÿwý¾é Àĉ¾zj ĂÑĀ³ ½¹ 

Fig (6): Landslide hotspots based on the landslide height of the precipice criterion and the Getis-Ord method in the Gharnaveh 

watershed  

 

üĊù¿ ÛĀéÿ ßv¹ Ówêý ĈLÅ½¾züĊù¿ āwò£¾~ Ûwæ£½v ½wĊÞù ÃwLÅv¾z ÇÀâõ  ôîLÉ ½¹ āºLÉ Ătv½v ÿ āÿwý¾é Àĉ¾zj ĂLÑĀ³ ½¹ ÇÀâõ/ Ĉù ûwLÊý  ºă¹

  ûwþĊúÕv ²ÖLLÅ ½¹ ā½wLLÉv ¹½Āù ßv¹ Ówêý Ăí44 xĀþ« È¸z ½¹ ć½wùj ¾Úý ¿v ºLLÍ½¹ā¹Āúý vºĊ~ Üú¬£ Ĉ£wÞõwÖù ĂLLÑĀ³ Ĉz¾á  ½¹ )ºýv

 êý ÀĊý ĂLÑĀ³ ĈýwĊù È¸züĊù¿ ÛĀéÿ ¹¾LÅ Ów  Çÿ½ ¿v ā¹wæ¤LÅv wz ÇÀâõGetis-Ord  ĈþÞù ÿ  ûwþĊúÕv ²ÖLÅ ½¹ ½v¹4+  ÿ40  ¾Úý ¿v ºLÍ½¹

)ºýºÉ ā¹v¹ ÌĊ¸Ê£ ĈÅ½¾z ¹½Āù ½wĊÞù 

  ½¹  ôîÉ2  ù¿ ÛĀéÿ ¹vºÞ£ĊüÇÀâõwă  ù ¡wê{Õ ½¹äö¤¸    ºÍ½¹ÉĊy  Þù ÃwÅv¾zĊwă½wć  Þ£ĊĊü  ýv¾´z èÕwþùĈ  üĊù¿ ¢³wÆù$ óĀÕ IÇÀâõ

  #āwò£¾~ Ûwæ£½v IÇÀâõ èúÝ IÇÀâõ Ï¾Ý IÇÀâõ úÕv ²ÖÅ ½¹Ċûwþ  40  ûwÊý ÈăÿÂ~ ¹½Āù Àĉ¾zj ĂÑĀ³ ½¹ ºÍ½¹  üĉv ½¹ )¢Åv āºÉ ā¹v¹

ĂÉĀ· Üĉ¿Ā£ üĊĊÞ£ ¿v Ä~ Iw¤Åv½üĊù¿ ÛĀéÿ ćwăüĊù¿ ¹vºÞ£ Iäö¤¸ù ćwă½wĊÞù ÃwÅv¾z ßv¹ Ówêý ÿ ÇÀâõÇÀâõ  äö¤¸ù ¡wê{Õ ½¹ wă

½¹  )ºýºÉ ôĊö´£ ÿ ©v¾¸¤Åv yĊÉ ºÍ 
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 Þ£ĊĊü ýv¾´z èÕwþùĈ ù¿ ÛĀéÿ Ċ üÇÀâõ Ì·wÉ ¿v ā¹wæ¤Åv wz  )))))                                                                         ûv½wîúă ÿ Ĉýwz¾é üĊÆ³¾Ċùv 
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ôîÉ $25# ù¿ ÛĀéÿ ¹vºÞ£ĊüÇÀâõwă   äö¤¸ù ¡wê{Õ ½¹ ºÍ½¹ÉĊy Þù ÃwÅv¾zĊwă½wć Þ£ĊĊü ýv¾´z èÕwþùĈ  úÕv ²ÖÅ ½¹Ċûwþ  40   Àĉ¾zj ĂÑĀ³ ½¹ ºÍ½¹

 āÿwý¾é 
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 

 
ÄĊ¤« ā½wùj ¾ĉ¹wêù Ißv¹ Ówêý üĊĊÞ£ ćv¾z Ăí ¢LÅv ¾í» ôzwé(  ûwþĊúÕv ²ÖLÅ ÿ¹ ½¹ ¹½ÿv40   ÿ44 Ĉù Ătv½v ºLÍ½¹  üĊĊÞ£ ćwþ{ù Ăí ¹ĀLÉ

üĊù¿ ÛĀéÿ ¹¾LLLÅ ÓwLêý ÿ ßv¹ ÓwLêýÄĊ¤« ā½wLùj ¿v Ä~ IwL¤LLLÅv½ üĉv ½¹ )¹Āz ºLăvĀ· ÇÀâõ(  ¹vºLÞ£ I¹¾LLLÅ ÿ ßv¹ ÓwLêý üĊĊÞ£ ÿ ¹½ÿv

üĊù¿ÇÀâõªĉw¤ý )ºLLÉ ©v¾¸¤LLÅv yĊLLÉ ºLLÍ½¹ äö¤¸ù ¡wê{Õ ½¹ Üévÿ ćwă  ù¿ ÛĀéÿ ßv¹ Ówêý Èþív¾~ĊüÇÀâõ  Þù ÃwLLÅv ¾zĊ wă½w ć  

  ôîLÉ ½¹ ©½ºþù äö¤¸ù2  ù ûwLÊýĈºă¹  z ĂíĊÈ¾£ ù¿ĊüÇÀâõwă   LÉ Ăê{Õ ½¹Ċy ,3   w£-0   ºLÍ½¹  Ăþùv¹ ½¹ Ä LÅ ÿ,+   w£,3   ºLÍ½¹

Ă¤å¾ñ ½v¾é)ºýv   LÉ ½¹Ċywăć    yLÅwþù èúÝ ¹Ā«ÿ üúLÑ ½Āí¼ù ëw·v¾zć  ÛĀéÿù¿ĊüÇÀâõ  Ăþùv¹vćI  v¾LÉĉÔ  w~wýĉ½vºć  ýĊÀ ĄùĊw   ºăvĀ·
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ôîÉ $35# ¿Ā£ĉÜ ù¿ĊüÇÀâõwăć ~ ÛĀéÿ ĂzĊĂ¤ÅĀ ¾z½wí äö¤¸ù ¡wê{Õ ½¹ āÿwý¾é Àĉ¾zj ĂÑĀ³ ½¹ āºÉć  Ñv½vĈĈĉwĊåv¾â« ¢Ą« ÿ yĊÉ Ă«½¹ Iëw· I 
Fig (8): Number of landslides in Gharnaveh watershed in different land use classes, soil, slope degree and aspect 
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ôîÉ $4 Üĉ¿Ā£5#ù¿ĊüÇÀâõwăć ~ ÛĀéÿ ĂzĊĂ¤ÅĀ āÿwý¾é Àĉ¾zj ĂÑĀ³ ½¹  ¢ĊõwÞå ¢ĊÞÑÿ ÿ Ĉò¤¸ĊÆñ ²ÖÅ ôîÉ ÃwÅv¾z 
Fig (9): Number of landslides in Gharnaveh watershed based on the shape of the rupture surface and activity status 
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ôîÉ $,+5# Üĉ¿Ā£ ù¿ĊüÇÀâõwăć ~ ÛĀéÿ ĂzĊĂ¤ÅĀ ~ ÛĀý ÃwÅv¾z āÿwý¾é Àĉ¾zj ĂÑĀ³ ½¹ĊÈÿ½¢ĊõwÞå āĀ´ý ÿ ć 
Fig (10): Number of landslides in Gharnaveh watershed based on the type of movement and type of activity 
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Ăîõ ÛĀý ¿vĈþÞù¾Ċá wĉ ÿ ¹¾Å ćwăāºÉ ā¹v¹ ÌĊ¸Ê£ ć½wùj ¾Úý ¿v ½v¹ĂÊêý ÃwÅv¾z )ºýv éÿ Ĉýwîù ćwăüĊù¿ ÛĀ  ½¹ āºÉ Ătv½v ÇÀâõ

ôîÉ  ćwă-    w£1    āwò£¾~ Ûwæ£½v ÿ Ï¾Ý IóĀÕ I¢³wÆù ćwă½wĊÞù ÃwÅv¾z Ĉ£ÿwæ¤ù ćĀòõv Ăí ºÉ Ì¸Êù ßv¹ Ówêý Ĉñºþív¾~ ôĊö´£ ÿ

üĊù¿ èúÝ ½wĊÞù ÃwÅv¾z Ăí ¢Åv ¾í» ôzwé )¹½v¹ ¹Ā«ÿ  ¹¾Å ÿ ßv¹ Ówêý ¹Ā«ÿ ¾Úý ¿v Ĉýwîù Ì¸Êù ćĀòõv Ĉ£wÞõwÖù ĂêÖþù ½¹ ÇÀâõ
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xº´ù   ÿ  ĈÑv½v   ĈÞ£¾ù  Üévÿ  āºÉIºýv  ¿v  ¾Úý  ć½wùj   ôĊîÊ£  ĂÉĀ·ćwă  Ówêý  ßv¹  ĈþÞù½v¹  ā¹v¹ºýv  )½¹  üĊúă  ÿ Āõ w¤Åv½  ûv½wîúă  $-+,4  #

ÀĊý  ªĉw¤ý  ĈĄzwÊù  ½¹  ôĊö´£üĊù¿ ĈýwîùÇÀâõćwă  ĂêÖþù  ćv¾¤õÿ  v¹wýwí  wz  ā½wùj  Ĉò¤Æ{úă¹Ā·  Ĉýwîù  Getis-Ord   Ăz¢Å¹  ā¹½ÿjºýv )    üĊĊÞ£

üĊù¿ ÛĀéÿ Ĉýv¾´z Ówêý ¾z ¾§où ôùvĀÝ üĊĊÞ£ ÀĊý ÿ ÇÀâõ  ĂÊêý ôĊö´£ èĉ¾Õ ¿v ûj  ¾¤Æz ½¹ Ĉýwîù ćwăGIS    Iüĉv ¾z āÿĒÝ )¢Åv ¾ÆĊù

ĈùĂê{Õ Ăz ¢{Æý ûvĀ£Ăĉđ ćºþzøă ÿ Ĉ£wÝĒÕv äö¤¸ù ćwăĂýw¤Åj üĊĊÞ£ üĊþ¯üĊù¿ ÛĀéÿ ¾z ¾§Āù ćwă¬£ )¹Āúý ÷vºév ÇÀâõ  ÿ ĂĉÀ

üĊù¿ ÛĀéÿ Ĉýv¾´z Ówêý ôĊö´£Ĉù ÇÀâõĊÞ£ ËĀÎ· ½¹ ćºĊæù ¡wÝĒÕv ºývĀ£ · ºÞ¤Æù ½vºĉw~wý èÕwþù üĊÖ  üĉv¾zwþz ÿ ºþí øăv¾å ¾

ĈùĂz ºývĀ£Ăùwý¾z ćwþ{ù ûvĀþÝ  èÕwþù ĈĉwÅwþÉ IĈýwîù ćÀĉ½Ĉýv¾´z  ¹¾Ċñ ½v¾é ¾Úýºù ¾Ö· Èăwí ÿ  )  ¹½Āù ½¹ ā¹wæ¤Åv ¹½Āù ¹¾îĉÿ½

Ĉù Iºþ¤Æă Ĉýwîù Ĉò¤Æ{úă¹Ā· ¢Ċăwù ćv½v¹ Ăí ĈÞĊ{Õ ¡v¾Õw¸ù ¿v ć½wĊÆz¾é ā¹wæ¤Åv ¹½Āù ºývĀ£¾Ċñ ½vóºù )¹  ¾Ö· Ĉýwîù ć¿wÅ

üĊù¿ ÛĀéÿÇÿ½ ¿v ā¹wæ¤Åv wz ÇÀâõā¹v¹ ÿ ć½wùj ćwăĂz Ĉ£wÞõwÖù Àĉ¾zj ĂÑĀ³ ½¹ ćÿwí¢ĉĀõÿv ½ĀÚþù  ćv¾«v ćv¾z äö¤¸ù èÕwþù ćºþz

ĂþĄ~ üĊĊÞ£ )¢Åv ¾Ñw³ ÈăÿÂ~ ¿v ª¤þù ć¹¾z½wí ćwă¹wĄþÊĊ~ ¿v Ĉ¤Ùwæ³ ¡wùvºévþýwù ĈÖĊ´ù Ăýwñºþ¯ ¡v¾Ö· ºÞ¤Æù ćwă  IxĒĊÅ º

È£j Iëw· ÈĉwÅ¾åûj èĊæö£ ÿ ā¾Ċá ÿ ć¿ĀÅĈù ßv¹ Ówêý ÃwÅv¾z wăā½ÿ¹ ½¹ ºývĀ£ÈĊ~ ćwþ{ù ÿ ¹¾Ċñ ÷w¬ýv äö¤¸ù Ĉýwù¿ ćwă  ĈþĊz

)¹¾Ċñ ½v¾é āºþĉj ½¹ ¡½wÆ· ÿ ¾Ö· ¡ºÉ 
 

 ć½vÀòÅw Å 

  y{Å Ăz ûw¤Æöñ ûw¤Åv ć½v¹ÀĊ¸zj ÿ ĈÞĊ{Õ Üzwþù ôí ā½v¹v ¿v ĂöĊÅĀþĉºzć½wîúă¡ºÝwÆù ÿ wă  û¹v¹ ½v¾é ½wĊ¤·v ½¹ ËĀÎ·½¹ ÷¿đ ćwă

üĊù¿ ¡wÝĒÕvĈù ôúÝ Ăz ¾îÊ£ ÿ ¾ĉºê£ ĂõĒí ûw¤Å¾ĄÉ āÿwý¾é Àĉ¾zj ĂÑĀ³ ÇÀâõ )ºĉj 
 

0 (  Üzwþù 
Abdollahzadeh, A., Ownegh, M., Sadoddin, A., & Mostafazadeh, R. 2016. Comparison of two landslide-prone area 

determination methods in Ziarat Watershed, Golestan Province. Journal of Emergency Management, 5(1): 5-13. 

(in Persian)) 
Abdollahzadeh, A., Ownegh, M., Sadoddin, A., & Mostafazadeh, R. 2014. Development of a landslide management 

plan under normal and critical scenarios for Ziarat Watershed, Golestan Province. Watershed Management 

Research (Pajouhesh & Sazandegi), 27(3):75-84. (in Persian)) 
Abedini, M., & Piroozi, E. 2020. Landslide hazard zoning with u sing combination methods of hot spot, ANP and WLC 

(Case study: Khalkhal county). Journal of Geography and Environmental Hazards, 8(4), 19-36. doi: 

10.22067/geo.v0i0.81836. (in Persian). 

���




 Þ£ĊĊü ýv¾´z èÕwþùĈ ù¿ ÛĀéÿ Ċ üÇÀâõ Ì·wÉ ¿v ā¹wæ¤Åv wz  )))))                                                                         ûv½wîúă ÿ Ĉýwz¾é üĊÆ³¾Ċùv 

 

 
ā
½
ÿ
¹
 
I
ć
Á
Ā
õ
Ā
å
½
Ā
ù
Ā
t
Á
ÿ
½
º
Ċ
ă

,
+

 
ā
½
w
ú
É
 
I

.
1

I 
À
Ċ
t
w
~

 
,
/
+
-

 

Alavi, S. A., Behnammorshedi, H., & Ashournejad, Q. 2018. The Analysis of Spatial Equality of Tourism Services and 

Attractions: A Case Study of the Province of Fars. Geography and Urban Space Development, 4(2), 63-80. doi: 

10.22067/gusd.v4i2.60203. (in Persian). 
Alexander, D. 2005. Vulnerability to landslides. Landslide hazard and risk, 175-198. 

Ariapour, M., Bashiri, M., & Golkarian, A. 2019. Modeling of mass movements using data mining methods in the 

southeast of Neyshabur city, Razavi Khorasan Province. Hydrogeomorphology, 6(19), 57-77. (in Persian)) 
Bianchini, S., Cigna, F., Righini, G., Proietti, C., & Casagli, N. 2012. Landslide hotspot mapping by means of persistent 

scatterer interferometry. Environmental Earth Sciences, 67, 1155-1172. 

Esfandiyari Darabadi, F., & Beheshti Javid, E. 2016. Landslides susceptibility zoning using Bayes' Theorem-ANP 

hybrid model (Case study: Heyran Defile). Hydrogeomorphology, 3(8), 93-111. (in Persian). 

Ghashghaie, S., & Behzadi, S. 2019. Spatial statistics analysis to identify hot spots using accidental event calls 

services. Journal of Statistical Research of Iran JSRI, 16(1), 121-141.  

Ghorbani, A., Zabihi, M., & Mostafazadeh, R. 2023. Determining the distribution pattern of spatial correlation of flood 

occurrence in Ardabil province using Moran's Index in GIS. RS and GIS for Natural Resources, 

10.30495/GIRS.2023.1977963.2036 (in Persian)) 
Guzzetti, F. 2000. Landslide fatalities and the evaluation of landslide risk in Italy. Engineering Geology, 58(2), 89-107. 

Hafezi Moghaddas, N., Nikudel, M., & Bahrami, K. 2011. Evaluation of collapsibility of loess deposits of Gharnaveh 

catchment in north of Kalale, Golestan province. Scientific Quarterly Journal of Iranian Association of Engineering 

Geology, 4(1&2), 39-46. (in Persian). 
Hölbling, D., Betts, H., Spiekermann, R., & Phillips, C. 2016. Identifying spatio-temporal landslide hotspots on North 

Island, New Zealand, by analyzing historical and recent aerial photography. Geosciences, 6(4), 48. 

Jaedicke, C., Van Den Eeckhaut, M., Nadim, F., Hervás, J., Kalsnes, B., Vangelsten, B. V., ... & Smebye, H. 2014. 

Identification of landslide hazard and risk óhotspotsô in Europe. Bulletin of Engineering Geology and the 

Environment, 73, 325-339. 

Lin, S. C., Ke, M. C., & Lo, C. M. 2017. Evolution of landslide hotspots in Taiwan. Landslides, 14, 1491-1501. 

Lu, P., Bai, S., Tofani, V., & Casagli, N. 2019. Landslides detection through optimized hot spot analysis on persistent 

scatterers and distributed scatterers. ISPRS Journal of Photogrammetry and Remote Sensing, 156, 147-159.  

Moradi, H.R., Mohammdy, M., Pourghasemi, H.R., Mostafazadeh, R. (2010). Landslide hazard analysis in Golestan 

Province using Dempster-Shafer theory. Researches in Earth Science, 1(3): 1-14. (in Persian). 
Motevalli, A., Pourghasemi, H. R., & Zabihi, M. 2018. Assessment of GIS-based machine learning algorithms for 

spatial modeling of landslide susceptibility: case study in Iran, 258-280. 

Nadian M, Mirzaei R, Soltani Mohammadi S. 2018. Application of Moran'sI Autocorrelation in Spatial-Temporal 

Analysis of PM2.5 Pollutant (A case Study: Tehran City). Journal of Environmental Health Engineering, 5(3), 197-

213. (in Persian). 
Najafi Eigdir, A., Roostaei, S., Hejazi, A., Rajabi, M., & Jalali, N. (2021). Landslide hazard zonation using the bivariate 

statistical models in Nazlo-Chay Basin. Hydrogeomorphology, 8(27), 17-1. doi: 10.22034/hyd.2021.25375.1376 

(in Persian)) 
Ord, J.K. and Getis, A. 1995. Local Spatial Autocorrelation Statistics Distributional Issues and an Application. 

Geographical Analysis, 27, 286-306. 
Parker, R. N., Densmore, A. L., Rosser, N. J., De Michele, M., Li, Y., Huang, R., ... & Petley, D. N. 2011. Mass wasting 

triggered by the 2008 Wenchuan earthquake is greater than orogenic growth. Nature Geoscience, 4(7), 449-452. 

Pokharel, B., Alvioli, M., & Lim, S. 2021. Assessment of earthquake-induced landslide inventories and susceptibility 

maps using slope unit-based logistic regression and geospatial statistics. Scientific reports, 11(1), 21333. 
Saber Chenari K, Bahremand1 A, Berdi Sheikh V, Bairam Komaki C. 2019. Gully erosion hazard Zoning in the 

Gharnaveh Watershed, Golestan Province. Journal of Engineering Geology, 13 (1), 69-94. (in Persian). 
Shahri, M., & Shariat Mohaymany, A. (2022). Identifying Spatio-temporal Patterns of Traffic Congestion Using Data 

Obtained from Google Maps Service Traffic Image. Iranian Journal of Remote Sensing & GIS, doi: 

10.52547/gisj.2022.223633.1055. (in Persian). 
Sultana, N. 2020. Analysis of landslide-induced fatalities and injuries in Bangladesh: 2000-2018. Cogent Social 

Sciences, 6(1), 1737402. 

Wu, C. 2022. Certainty Factor Analyses and Spatiotemporal Characteristics of Landslide Evolution: Case Studies in 

the Chishan River Watershed in Taiwan. ISPRS International Journal of Geo-Information, 11(7), 382.  

����



                      ćÁĀõĀå½ĀùĀtÁÿ½ºĊă                                                                                                                     ā½ÿ¹,+ ā½wúÉ I.1 IÀĊtw~ ,/+- 

 

ć
Á
Ā
õ
Ā
å
½
Ā
ù
Ā
t
Á
ÿ
½
º
Ċ
ă

 
ā
½
ÿ
¹
 
I

,
+

 
ā
½
w
ú
É
 
I

.
1

 
 
I

À
Ċ
t
w
~

 
,
/
+
-

 

Zali, M., & Shahedi, K. 2021. Landslide sensitivity assessment using fuzzy logic approach and GIS in Neka 

Watershed. Water and Soil Management and Modelling, 1(1), 67-80. doi: 10.22098/mmws.2021.1183. (in 

Persian). 

����


