
 

Journal of Natural Environmental Hazards, Vol.14, Issue 43, March 2025 

 

Investigating the spatial distribution of soil wind-erodible indices 
using geostatistical methods in the Sistan plain 

Ali Shahriari1* , Seyed Morteza Mohammadi2, Ebrahim Shirmohammadi3, Akram Fatemi 
Ghomesheh4, Hadi Galavi5 

1. Corresponding Author, Associate Professor, Soil Science and Engineering Department, Faculty of Water and Soil, 
University of Zabol, Zabol, Iran 
2. Assistant Professor, Department of Statistics, Faculty of Basic Sciences, University of Zabol 
3. Assistant Professor, Soil Science and Engineering Department, Faculty of Water and Soil, University of Zabol, Zabol, Iran 
4. Associate Professor, Department of Soil Science and Engineering, Faculty of Agriculture, Razi University, Iran 
5. Assistant Professor, Department of Water Engineering, Faculty of Water and Soil, University of Zabol, Iran 

Article Info ABSTRACT 

Article type: 

Research Article 

 

Article history:  

Received: 21 July 2024 

Revised: 26 August 2024 

Accepted: 10 October 2024 

 

Keywords:  
Deltaic Soils, Cokriging, 

Alluvial Activities, Aeolian 

Activities. 

The study of land erodibility and its spatial modeling is the main and key 
information for sustainable land management. Wind erosion is one of the main 
environmental hazards in Sistan region. Therefore, this research aimed to 
investigate the spatial changes and modeling of wind erodibility indices in the 
Sistan Plain. For this purpose, 181 points were selected over the plain, and surface 
soil was sampled. The studied indices included the laboratory wind-erodible 
fraction (EF), the wind-erodible fraction based on Fryrear formula (EFF), López 
formula (EFL), Bouajila formula (EFB), soil crust factor (SCF), dry aggregate 
stability (DAS) and the soil erodibility. Also, some physical and chemical 
characteristics were measured in soil samples using standard methods. IDW, 
kriging, and cokriging were used as geostatistical analysis methods. The results 
showed that the best variogram model for EFF, SCF, EFB, and DAS was the 
spherical model, and for EFL, EF, and soil erodibility was the exponential model 
and the spatial fit for all indices was in the average spatial fit class. The best 
predictive methods were simple cokriging with covariate of sand for EFF 
(RMSE=5.724) and soil erodibility (RMSE=85.576), with covariate of clay for 
EFB (RMSE=2.950) and DAS (RMSE=14.481) and with covariate of sand to clay 
ratio for EF (RMSE=17.966) and ordinary cokriging method for SCF 
(RMSE=0.163) and EFL (RMSE=36.312) with covariate of sand to clay ratio. 
The average values of EFF equal to 29.13%, SCF equal to 0.45%, EFL equal to 
75.25%, EFB equal to 83.09%, EF equal to 54.97%, DAS equal to 72.18% and 
soil erosion equal to 121.67 Mg ha-1 yr-1. The highest values of wind-erodible 
indices were observed in the southern parts of the Sistan plain, and, the lowest 
values were observed in the northern and western parts. However, the highest 
value of DAS was found in the northern and western parts and the lowest in the 
southern part of the plain. There was a high match between the spatial distribution 
of erodibility indices and the spatial distribution of soil particle size. The changes 
in soil mineral particles in the region depend on the geomorphic nature of the 
region and are in line with the changes in the sedimentation regime of the 
Hirmand River and its branches, as well as wind erosion and sedimentation 
processes in the Sistan Plain. 
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119   ----------------------------  ��	��  �!� "#$�	�� %&��  �'( ��	)*" +�*	( ���( ,� ���-.�� �� /�&...  

 

A'
��> AL�  �� �*H/ �
� 0�
� �'B+40 A'
��> �� J
�� �D	� N�� �h/ 0�'B+40  
Q50 A'
��> UF/ �D	�-

 �� A�� � _��*� 0�'B+50 A'
��> �D	��� J
�� �	 c
� 0�'B+U
�� N'� �� � �2�  UF/ 	� ,5@
� N� �
��
A'
��>�� 	��[ h/ 0�'B+����� ,/ ?K�� ,I�Q �'
� .EFF UF/ � ��� $���> U
�� �� 0��� �	
K� �	�� 0�
�EF 

 N� �
�� N�
XH2 .?�� �2
 �'
��"SCF  ����� ,5@
� 	�45/0  ����M�) ���94/0 – 08/0 N� �
�� �� �*��� ,/ (
�
�) 
+�	� 0
239/0�4	��) ��� (  �J�	
�H2 �2014 
� ^�

*� ?�D�o� N'� \'
*� ?�� 0	�"�
' ,� ��c .(EFF 

�� ���PQ N�� 0��� � �
/0  
Q1  ,� ,m�2 � ����1 A'
��> �
� ��K W'�V� ?�� �Q�'B+ �J�	
�H2 � �'��>)
1998( .  

 N� �
��EFL  �EFB ,� ����� ^�Q�Q25/75  �09/83  ����M�) ��� ,5@
� 	� �D	�18/330 – 95/19  � �D	�
 ����M�10/91 – 10/65  UF/ 	� R�
K �� �2 � (�D	�A'
��>J
2 .�
*>�� 	��[ c
� 0�'B+  J�	
�H2 �

)2023,� N�m W�� dG

� 0��� �	 R�
K �� N'� N� �
�� ( ^�Q�Q430  �98  N� �
�� .����H� �	�"��EF 
 ����� ,5@
� 	� (�2
 �'
��")97/54  ����M�) ��� �D	�52/97 – 33/9  UF/ 	� � (�D	�A'
��> c
� 0�'B+
 N� �
�� 	��5� N'� .?>�� 	��[EF ) ,���	� ,m
'	� 0
'F+ ?&+ �C�	� ,�
�� 	
�&�1/52  (�D	� �5*� ���V���) ���

J�	
�H2 �1 �2020) U	
> J
*�� 	� J" N� �
�� 	��5� �� �*H/ � (87/66 �'
C	) (�D	�  �J�	
�H2 �2023 � (
'�V[ J
*��) N92/69  �J�	
�H2 � 0	��) ��� (�D	�1401 N� �
�� .(DAS �
� J
*&�� ?K� 0
218/72  �D	�

 ����M�) ���05/96 – 89/22  ,� 	��5� N'� ,m �2 ,/ (�D	�100 W'�V�J
�� �K
� �Q,���/
� J�V�� ��
2� 0
2
) ��
�K�� � ��c�/ \'
*� 
� R�
K N'� \'
*� .?�� �Q	��'
+ W��2010� 	� (�
 � N�*��g	" ?>
� ?K	� 0
2

�
� �J�	
�H2 � <
�4) N�m �=Q�� 0
22018h2 (,�) �
� A'
��> N� �
�� .��� 
*��	 	� (�
�HLQ E	�D
 ,5@
�6/121  ����M�) ��� $
� 	� 	
*�2 	� ���
 �560 –0  �4	�� Y	�V� U
�� �� ,/ ($
� 	� 	
*�2 	� ���
 �

) J�	
�H2 �2017 .��� �'
+�	� 0
2	��/ 	� �
�HLQ �
� A'
��> N� �
�� �� �*��� 	
�&� (  

 T�(U2: =�R1SG �G�"%�
 HG�� %���N>$�'�- %�
F�G %��" %�$?
  

HG��  E�V;���  �B��/  �B�	�"  W;�$���  �V418  �2(�	/  ����� X���;�   Z$�[�����Y*  

EFF (%) 13/29 77/1  89/52  32/61 367/0  433/0  83/7  27/0  

SCF 45/0 08/0  94/0  05/0 194/0  954/0 -  22/0  49/0  

EFL (%) 25/75 95/19  18/330  08/3116 322/2  445/6  82/55  74/0  

EFB (%) 09/83 10/65  10/91  98/13 798/0 -  842/1  74/3  05/0  
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  EFF (%) SCF EFL (%) EFB (%) EF (%) DAS (%) Soil Erodibility 
(Mg ha-1 yr-1) 

EFF (%) 1             

SCF 
**832/0 1            

EFL (%) 
**832/0 

**766/0  1          

EFB (%) 
**883/0 

**856/0  **629/0  1        

EF (%) 
**632/0 

**657/0  **577/0  **549/0  1      

DAS (%) 
**604/0 - 

**647/0 -  **581/0 -  **533/0 -  **877/0 -  1    
Soil Erodibility 
(Mg ha-1 yr-1) 
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**594/0  **573/0  **501/0  **938/0  **882/0  1  
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/1 $�	� �2 )2023 N�� ^�

� �
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3 Guo et al. 
4 Rakkar et al. 
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C0 
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935/0 6/73 M* 47/0 40900 14/73 5/34 0��/ EFF (%) 

964/0 000/0 M 47/0 66900 064/0 03/0 0��/ SCF 
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193/0 616/6  J��Q1  - IDW EFF 

233/0 755/6  J��Q2  - IDW EFF 

294/0 019/7  J��Q3  - IDW EFF 

001/0 193/0 �4�H=�  - <
�;'�/ SCF 

000/0 - 193/0 ��
�  - <
�;'�/ SCF 

000/0 - 163/0 �4�H=� Sand/Clay <
�;'�/�/ SCF 

002/0 - 176/0 ��
� Sand/Clay <
�;'�/�/ SCF 

003/0 192/0  J��Q1  - IDW SCF 

005/0 194/0  J��Q2  - IDW SCF 

008/0 202/0  J��Q3  - IDW SCF 

517/0  998/50  �4�H=�  - <
�;'�/ EFL 

355/0  914/50  ��
�  - <
�;'�/ EFL 

205/0  312/36  �4�H=� Sand/Clay <
�;'�/�/ EFL 

259/0 -  008/41  ��
� Sand/Clay <
�;'�/�/ EFL 

318/0  998/50   J��Q1  - IDW EFL 

822/0  072/50   J��Q2  - IDW EFL 
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262/1  345/50   J��Q3  - IDW EFL 

019/0  211/3  �4�H=�  - <
�;'�/ EFB 

014/0  215/3  ��
�  - <
�;'�/ EFB 

016/0  161/3  �4�H=� Clay <
�;'�/�/ EFB 

001/0 -  950/2  ��
� Clay <
�;'�/�/ EFB 

166/0  200/3   J��Q1  - IDW EFB 

137/0  253/3   J��Q2  - IDW EFB 

174/0  377/3   J��Q3  - IDW EFB 
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EF� DAS F�G >$�'�- �(  

ME RMSE T(� �7�/��YC� @�� HG�� 

155/0 011/20 �4�H=�  - <
�;'�/ EF 

095/0 - 092/20 ��
�  - <
�;'�/ EF 

134/0 911/19 �4�H=� Sand/Clay <
�;'�/�/ EF 

496/0 966/17 ��
� Sand/Clay <
�;'�/�/ EF 

259/0 423/20  J��Q1  - IDW EF 

028/0 - 362/21  J��Q2  - IDW EF 

092/0 481/22  J��Q3  - IDW EF 

062/0 - 160/16 �4�H=�  - <
�;'�/ DAS 

064/0 - 128/15 ��
�  - <
�;'�/ DAS 

049/0 - 103/15 �4�H=� Clay <
�;'�/�/ DAS 

063/0 481/14 ��
� Clay <
�;'�/�/ DAS 

348/0 - 770/15  J��Q1  - IDW DAS 

477/0 - 591/16  J��Q2  - IDW DAS 

533/0 - 464/17  J��Q3  - IDW DAS 

317/0  026/90  �4�H=�  - <
�;'�/ F�G >$�'�- 

772/0 -  372/89  ��
�  - <
�;'�/ F�G >$�'�- 

268/0  847/89  �4�H=� Sand <
�;'�/�/ F�G >$�'�- 

196/1 -  576/85  ��
� Sand <
�;'�/�/ F�G >$�'�- 

665/0 -  290/93   J��Q1  - IDW F�G >$�'�- 

517/0  787/98   J��Q2  - IDW F�G >$�'�- 

007/1  336/104   J��Q3  - IDW F�G >$�'�- 
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