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Wind erosion is a major environmental hazard in arid regions. Studying the wind-
erodible fraction (WEF) of soil and its spatial modeling is essential for sustainable 
land management. Due to its exposure to the 120-day winds and the impacts of both 
climatic and anthropogenic droughts, the Sistan region exhibits highly susceptible 
conditions for wind erosion. The dried bed of the Hamoun Wetland has become one 
of the primary sources of dust storms in eastern Iran.  This research aimed to 
evaluate common methods for measuring WEF and to spatially model it using 
geostatistical techniques in the International Hamoun Wetland. A total of 199 
sampling points were selected from the bed of Hamoun Wetland using a stratified 
random sampling method, and soil samples were collected from the surface layer at 
these points. Subsequently, the soil properties required for estimating the wind-
erodible fraction using estimative methods were measured. Laboratory-measured 
WEF and estimated values based on Fryrear (WEFF), Usman (WEFU), López 
(WEFL), Rakkar (WEFR), Dufková (WEFD), Bouajila (WEFB), and Motemani 
(WEFM) formulas were computed. Spatial modeling was performed using IDW, 
Kriging, and Cokriging. Results showed a mean WEF of 36.57%, indicating lower 
erodibility. A significant negative correlation between laboratory WEF and 
computational estimates revealed the limited performance of existing equations in 
this region, likely due to high soil variability and dependence on local factors. These 
equations, developed from limited datasets, fail to represent the wide spectrum of 
soil types. Thus, the spherical model was identified as the best variogram for WEF, 
with moderate spatial fitness. Cokriging using SAR as an auxiliary variable 
outperformed (RMSE=15.719 and ME=-0.014) Kriging and IDW. From a zoning 
perspective, northeastern (Hamoun-e Puzak) and western (some parts of the 
Hamoun-e Sabouri and the Hamoun-e Hirmand) parts of the wetland showed the 
highest erosion susceptibility. These findings underscore the necessity of developing 
region-specific equations and should inform management strategies to reduce 
erosion and dust storms. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Wind erosion is a major environmental hazard in arid regions worldwide. Studying the wind-erodible 
fraction of soil and its spatial modeling in the form of maps is essential information for the protection 
and sustainable management of land. Numerous methods have been proposed by researchers to 
estimate and measure the wind-erodible fraction of soils, each differing based on the study region and 
the influencing factors. The Sistan region experiences severe winds known as the "120-day winds." 
Due to climatic and anthropogenic droughts, the Hamoun Wetland, the primary water source in eastern 
Iran, has been seriously affected, and its dried bed is recognized as the main source of dust in the 
region. Therefore, this research aims to investigate common methods for measuring the wind-erodible 
fraction of soil and to spatially model it using common geostatistical methods in the International 
Hamoun Wetland. 

 

DATA AND METHODOLOGY  

To carry out this research, a total of 199 sampling points were selected from the bed of Hamoun 
Wetland using a stratified random sampling method, and soil samples were collected from the surface 
layer (0–10 cm) at these points (Figure 1). 

 
Figure 1: Location of the study area and sampling points (Authors) 

 Subsequently, the soil properties required for estimating the wind-erodible fraction using estimative 
methods, including organic matter (OM), clay, silt, sand, the sand-to-clay ratio (Sand/Clay), and 
calcium carbonate equivalent (CCE), as well as key basic properties, namely bulk density (BD), soil 
reaction (pH), electrical conductivity (EC), sodium adsorption ratio (SAR), saturation percentage (SP), 
and cation exchange capacity (CEC), were measured. After that, at these points, the laboratory-based 
Wind Erodible Fraction (WEF), as well as the wind-erodible fraction calculated based on the Fryrear 
(WEFF), Usman (WEFU), López (WEFL), Rakkar (WEFR), Dufková (WEFD), Bouajila (WEFB), 
and Motemani (WEFM) formulas, were estimated and computed. Statistical analysis of soil chemical 
and physical parameters as well as wind-erodible fractions was performed using SPSS. Geostatistical 
analyses were conducted using GS+ and ArcGIS software, employing three conventional methods in 
soil studies: kriging, cokriging, and inverse distance weighting (IDW). It should be noted that for 
kriging and cokriging, both ordinary and simple modes were considered, while for IDW, powers up to 
three were examined. Furthermore, measured soil properties that exhibited a significant correlation 
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with the wind-erodible fraction were investigated as auxiliary variables, each separately, within the 
cokriging approach. To evaluate the accuracy of the models, the coefficient of determination (R²), 
mean error (ME), and root mean square error (RMSE) were calculated, the latter representing the 
mean prediction accuracy and indicating the magnitude of expected error. 
 

RESULTS AND DISCUSSION 

The results showed the soils of Hamoun Wetland bed exhibit, from a physical property perspective, a 
medium texture with a predominance of silt particles, resulting in moderate bulk density and saturation 
percentage. The fertility characteristics of these soils mainly ranged from moderate to low values 
(except calcium carbonate equivalent). The properties reflecting soil salinity and sodicity indicated 
that the study area contains saline and sodic soils; however, compared to the Sistan Plain, the mean 
sodium values were lower. The results indicated that the mean WEF in the region was 36.57 percent, 
representing a low level of erodibility. Furthermore, a significant negative correlation between the 
laboratory-measured WEF and the computationally estimated erodibility parameters revealed the 
inefficacy of these parameters in the Hamoun Wetland. The reason for this finding is the high 
variability of the soil's wind-erodible fraction, which is highly dependent on regional factors 
(environmental characteristics, particularly soil properties) and land management practices. Moreover, 
these equations were developed based on a limited number of datasets and may not be representative 
of the wide spectrum of soil types. Consequently, the performance of existing estimation parameters 
may not provide satisfactory accuracy in predicting laboratory-measured parameters in a specific 
region. This underscores the necessity of investigating and analyzing the factors influencing 
laboratory-derived indices within a given region prior to developing a new, region-specific equation. 
Correlation analysis between soil properties and the Wind Erodible Fraction (WEF) revealed that bulk 
density (BD), silt content, and cation exchange capacity (CEC) exhibited a significant negative 
relationship with WEF, whereas electrical conductivity (EC) and sodium adsorption ratio (SAR) 
showed a significant positive relationship with WEF. Accordingly, the best variogram model for the 
Wind Erodible Fraction (WEF) was the spherical model, and the spatial dependence of WEF fell into 
the moderate spatial dependence class (Table 1). The evaluation of the geostatistical models also 
demonstrated that the Cokriging method with SAR as the auxiliary variable was the superior technique 
for the spatial modeling of the soil's wind-erodible fraction compared (RMSE=15.719 and ME=-
0.014) to Kriging and Inverse Distance Weighting (IDW). From a zoning perspective, the northeastern 
(Hamoun-e Puzak) and western (some parts of the Hamoun-e Sabouri and the Hamoun-e Hirmand) 
parts of the wetland and certain areas in its west exhibited the highest susceptibility to wind erosion.  

 
Table 1: Variogram parameters, model selection criteria, and variogram validation controls 

Parameter odelM Nugget 
(C₀) 

Sill 
(C₀+C) 

Range 
(m)  

Spatial variance 
(C/C₀+C)  

Spatial 
dependence class  

R2  RSS  

WEF  Spherical  95.8  336.1 37700 0.715 moderate  0.904 4510 

 

CONCLUSION  

In conclusion, the indiscriminate use of erodibility estimation models without validation against local 
data can lead to inaccurate estimates. Furthermore, the integration of field and laboratory data with 
advanced geostatistical methods, such as cokriging, provides a powerful tool for generating precise 
and reliable maps for land managers and decision-makers. Focusing on the critical areas identified in 
this study can serve as an effective step toward mitigating dust events and conserving land resources in 
the Hamoun catchment basin. 
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 �� ��	<330  � �B��45  �, �H%I�31 � �B��37  �.�%1��hB J�� �H%I�60 � �B��56  �, �H%I�61 � �B��43 
 �$���<O3 � �<��) ���� ���I $�	)o��� $�	)%� V�O� �� ���� ��� P�7 �� .�%1��hB V�2 �H%I�1398 '��	� .(

 �� �	O� �H?�� �������50 �� 4!
 Q�1 S,����� .��� �H62 a��� �� �H?�� S#� G%�I� � ���� �� �	� ��%� ����
"�%�) �3�3  �$���<O3 �2018( .199  P8�, �	)� �� �?H��H62 �1��Z, U�� �� $���3  �� � P�*	�� ��� .���

) ���
 �&?� "�
10 -0  �<�) �� .����� ���O� (�	O%	���1 .(  

  

                                                      
1 Christie 
2 Bostwick 
3 Mirakzehi 
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 �N�1��
+� V�L� � �7���� !$
� �L��� 	%7�
� :  �$�!��)$����)#��(  

U�� ���
�� .��� ��%� ���� ���
 >�%=�Z
 [\� �#���1 �*� �,�6��&� .�3  ���� ���� .��� �#CD) �A
OM �(
) a�Clay) (�%� �(Silt) S� �(Sand) a� �� S� (6)� �(Sand/Clay) V��@� G%)�� >����� � (CCE � (

) .�3�{ |�Z*� ��B ���� "�
 �#�D G�� >�%=�Z
BD) "�
 ����� �(pH) �<#�	<A� (#��3 �(EC (6)� �(
) G#�� PCBSAR) ��6�� (��2� �=�� �(SP) ���%,�� V��6, (%1�{ � (CEC( U�� �� ���W	�� ��  ������	�� .�3

������  .���� .�%�  

 �*� ]�H� S#� �� [\��#���1 �#CD ) �3� !#���
 .���WEF�#���1 �*� �( �#��1 V���1 a��� �� .��� �#CD�# 
)WEFF) $�O`� �(WEFU) -D�A �(WEFL) ����� �(WEFR) ��<1�� �(WEFD) E%B��� �(WEFB ��O	� � (
)WEFM�&� � ���
�� ( >8��@�) �#��� �6�1  �,8.(  

)1 (  WEF = (W˂ 0.84 / TW) ×100  

 $
 �� ��WEF  �*�#���1� .�#CD  �"�
 �3� !#���
 .���W˂0.84 ������
 $��  �� �	<o�� .�384/0 
 �� [D �	O%�%�5  �?I) j���� �*�*, �� R�= 4A� .�� �� '��	� (��� �� $��� 4%� �H%I�84/0  � (�	O%�%�

TW �O� �� $��) "�
 ��200  (�� (��� �$���<O3 � ����%<��)1994 �$���<O3 � -D�A l2007 �� ���<, �� � (
�� ���W	�� >�6��&� �� ���<, �� S% ��%� [\� � �� �	1�� �X�.  

)2 (  WEFF=29.09 + 0.31 Sa + 0.17 Si + [0.33× (Sa/Cl)] - 2.59 OM - 0.95 Ca  

)3 (  WEFU=80.13 + 0.133 Sa + 0.532 Si + [0.356× (Sa/Cl)] - 6.330 OM - 2.432 Ca  

)4 (  WEFL=4.77 + (7.43 (Sa/Cl)) + 27.6/OM  

)5 (  WEFR=84.3 + 2.64 Si - 0.30 Cl - 7.43 OM- 0.15 RC  

)6 (  WEFD=-40.20 + 1.44 Sa+ 1.08 Si - [5.40× (Sa/Cl)] + 6.13 OC + 84.17 Ca  

)7 (  WEFB=125.83 - 0.59 Cl - 0.22 Si - 0.25 Sa + 029 OM - 0.69 Ca  

)8 (  WEFM=30.051 – [0.52 Sa - 0.23 Cl - 1.14 OM]  
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 8�� >8��@� �� ��WEFF  �*�#���1� .�#CD  .����#��1 V���1 a��� ���#  �$���<O3 � �#�#��1)1994( �WEFU 
 �*�#���1� .�#CD  .���) $�O`� V���1 a��� �� �$�O`�1995 �(WEFL  �*�#���1� .�#CD  .�����  a���

 �$���<O3 � -D�A) -D�A V���12007 �(WEFR  �*�#���1� .�#CD  .���) ����� V���1 a��� �� �$���<O3 � �����
2019 �(WEFD  �*�#���1� .�#CD  .���) ��<1�� V���1 a��� �� �$���<O3 � ���<1��2021 �(WEFB  �*�
#���1� .�#CD  .��� �$���<O3 � E%B���) E%B��� V���1 a��� ��2022 � (WEFM  �*�#���1� .�#CD  .��� ��

 �$���<O3 � ��O	�) ��O	� V���1 a���2024�� �6��&� � ���
�� (��� >8��@� S#� �� S%�pO3 .Sa  �S�Si 
 �(�%�Cl  �a�OM  ��A
 ����OC  ��A
 S���Ca  � V��@� G%)�� >�����RC � .�#�H� ���D .���) (�� �3�%

�� �=�� �� �3�	����D ���O, � �(�� �	1�� �X��� �W= ]�H� ���O,  .�����  

 

W.&�� � ,3&%���0 $��X���N� ������� � �  

�	����D .���
 �%�&, � �#-9,  .�3�#�%O%� �*� � "�
 �<#-%1 � �#���1 .�3  �� ���W	�� �� .��� .�#CD

�� .�3-%A��SPSS   �*)�26 S%افزار نرم .�� ��9�� ��� �� ���W	�� �� ���
  .�3��-1�GS+  �ArcGIS  �*)�3/10  �� �

�:�%9#�� "�
 >�@A�?� �� ����� U�� :�%9#���� � U�� $�� �3� a�<@�  (�� ��t $�#�� .�� ��9�� ��=�1
U�� .��� �|�Z
 S#� �� 5%H&, �H��� a��� �� �� � :�%9#�� .�3 :�%9#���� ) �A�O@� (A�k ��ordinary � (

) ����simpleU�� � ( $�� �3� a�<@�  ������ ���
 >�%=�Z
 S%�pO3 .�� �	1�� �X� �� �� $��, �, ��=�1
 g?� �� $���%D � 	)6O3) � 	)6O3 .��� �#CD �#���1 �*� �� �� ��� .�%�95  �99  .�����@� (�=��

���� �� ()*� ��� �� ���	��� (�W�� �# (6`�) ��� ��� �� � ���� �	1�� ��<� :�%9#���� U�� �� �<O� �%h	� $
V�� ���#��� � .���
 S%�� >�%=�Z
 a��� ��  .�� P�*	�� �%h	� S#�	�� ��3 �� ���W	�� �� �%DU��  .�3

 :�%9#��:�%9#���� � G�� �� �,�t �#�	)#� J�1 �.�O��%%h, .�� �%#u, ��,�� �=��1 �� $
 ��	1� ����� � ���9, 
��� ����� ��� � V�� �6,�� ���� $���
 �� �����@� �#��1 ���� ��B� ��� S%�pO3 U�� �� �S#� �� ��E� .�#

 :�%9#���� U����) ���H	� .�O��%%h,cross-variogram (�%h	� �� S%�  (�� ��t $�#�� .�� ��9�� �<O� � ��=�
V�� �9����6	�� .���
 S%�� .�3 U�� �� ) ���H	� �9����6	��cross-validation ( �� >��= S#�� ��� ��9��

���� �%D .�?
 �6��&�) $���
 � (�3�	����D ���
��) U���
 �*� �� �� �1��Z, ��2 �� �3 ���#��� G%)H, (��%� .
�� V�� (I� ���#��� ��X�� ) S%6, j#�F �� (���<� � 	)6O3) ���<� >�%=�Z
 �X�� �� �3R2 >�@��� ��O9� � (

) ����O%I��RSS�#���1 �!H� �%�, .��� .���
 S%�� V�� S#�	�� P�*	�� (�B � �� ���W	�� (  �� "�
 .��� .�#CD
) �?
 S% ��%�ME) �?
 >�@��� S% ��%� �CB � (RMSE$�%�) (�%D S% ��%� (I� ���� ��%� .�?
 >�� � ����

�� $�!� �� ��X	�� ����V�OB) �#��� �6��&� (�3�  �$���<O3 � ��ON �q�1403 �$���<O3 � .��#��� l1404 �� .(
����
 S#� �)#�H� V�� �3 .���  .�� P�*	�� w
�� �3 .��� V�� S#�	�� � �)#�H� � #�<# �� �3  

  

�S��Y Z3� � 

�0�S��$�2 �;S��+0 � �$��X 4�%[
\= 

 V��B ��1  �
��>�%=�Z
  .���
.�3�	����D �#���1  ��?��O3 .(�� ��� �q��� �@A�?� ���� "�
 .��� .�#CD
�� �XkE� �� ����
 a��� �� �@A�?� ���� .�3�	����D ��O� ����  ���I V���� '#��� �� � A�o � ���%!� .�3
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�#���1 �*� -9� ������ ) -D�A V���1 a��� �� "�
 �#CDWEFL ��%@�  >��%%h, j#�F ����
 a��� �� S%�pO3 .(
 (6)� �3 ���� ��� � (�� �6)� .�#CD�%%h,25/0  S%� ���� (�� "��� >��%%h, j#�F ���3� $�!� �����25/0 �,

50/0  �� �	!%� ���� (�� '��	� >��%%h, j#�F ����50/0 �� $�!� �� 8�� .�#CD�%%h, >��%%h, j#�F ����  �3�
 $���<O3� ��T� �O#��)2015 .�3�	����D a��� S#� �� �� (WEFR  �WEFB  �G� .�#CD�%%h,WEF �WEFD  �

WEFM  � '��	� .�#CD�%%h,WEFF �WEFU  �WEFL  $�!� �@A�?� ���� �H?�� �� �� ��#� .�#CD�%%h,
��  .��3�  

�,�%�1 ) $���<O3 �1965 ��	��� ���{� (�*� �#���1  �� �	O� "�
 .��� �#CD40 �#���1 �� $�!� �=�� .�#CD
 S%� �G�40  �,50 E� �=���#���1 a �� �%� � '��	� .�#CD50 �#���1 �=���� $�!� �� 8�� .�#CD �� � �3�

�#���1 aE� �� �H?�� S% ��%� a��� S#��� ���I G� .�#CD S% ��%� ���H� �<�#� �� �B�, �� a��� S#� �� .���%�
WEF  $���3 P8�,57/36 �#���1 ���H� �� (�� �=���� $�!� �� G� .�#CD  �� �3��#���1 ���H� �� 4#�-� -

 V��B) (�� '��	� .�#CD1 �� ���H� S#� .(WEF ) $�	)%� (�� �� ���
 (���97/54  ��� �	O� (�=��
 �$���<O3 � .��#���)1404 �#��H� �� S% ��%� ���H� S#� S%�pO3 .(WEF  �%���� �o�#�� .�#ED ()D �F��� ��

)1/52 �H	� ���-%��) (�=��2  �$���<O3 �2020� ( ) a��1 $�	�� �� $
 S% ��%� ���H� ��87/66  � �#�F�) (�=��
 �$���<O32023) S#�-I $�	�� � (92/69  �$���<O3 � .���) ��� �	O� -%� (�=��1401.(  

  

 H��#1P��)�O ��0�S��$�2 �$��X 4�%[
\= �=�� : �7���� !$
� ]�= �!�� ���Q2 

�S��$�2 �%;��%�  ���%�  ����C  �^ ��C  _���$��  �;�
�  �`�%/   
 a��3��

$�%7�  

 b��:

4��%%c&  

WEF ۵٧/٣۶  ۴٢ ٨/٣١۶/٠ ١٠۵/٢٢/٢ ٨٩۵٣ ٧۵٣٨٢/١ ٠/١ ۵٩/١۶ ۴۵۴/٠ 

WEFF ١٧/١٠  ۵٣٧  ٩٧/١٧  ١/١٠/۴٢  ۴۶/١٠۵  ٠١٠/١  ٢٧/١٠  ٢٨١/٠  ١٢٢/٠  

WEFU ٠۶/٢۵  ١۵/٨٨  ٠٢/٩٩  ٢٧/٣٢  ٢٧/۶٢  - ٠٣١/٠  ٨١۵١١/٢  - ٢/٠۶  ٠۴٢/١  

WEFL ۴٩/۴٠  ٨۴/١٣/١  ٣٧۵  ٠۶/۵٣  ٣٠/٢٠٣٨  ١٧۵۴/۶  ٣۴٩/۵١  ٩۵/۴۵  ٩٣١/٠  

WEFR ٧١/١٩ ١٩٧�٨١۵ ۴٩/٩٣ ۶٧ ٩/٢٩٣۵/١۴٠٠ ٠٠۴/٢ - ٠۵٠/٠ ۴١٨٩/٠ ٣/٣٧ 

WEFD ۵٨/٢٨١۶ ٩٣/٢٧۴۵ ٨٠/۵١٠ ۵٨/۴٧۵۴ ۴٧/۶٠ ٨١٠٧١۶٠ ٩/٠۶٢٧/٨٢ ١/٠۵ ٢٩٣/٠ 

WEFB ۶٩٠ ٧١/٧٠ ٠/٧٠/۵٠ ۴۵/٣٨٩/٠ - ٠١٨/٠ ٧٠/٧٢ ٩١ - ۵١٢١/٠ ٣/٨ 

WEFM ٣۶/٢۶ ٣ ٣٨/٢٨۶/١۵ ٨٧/۴٨٩٢/٢ - ٣٢٠/١ ٩٣/٨٩ ٣ ۴٣ ٨/٩۵٩/٠ 

  

 -9� �3�	����D �O3WEFB  .8�� �� .��� �#CD �#���1 �*� �#��H� �<�#� (�� ��100  S%O*, �W= �#� �# � �=��
 V��B) ��	���� �@A�?� ���� �H?�� �� �A�6I ���I ���
�� �����1 ����&� �� �3�	����D �
�� S% ��%� �<�#� �� .(

) V�6I ���I100 -0  �A
 ����) �H?�� "�
 >�%=�Z
 (�� �� �A� (��� ���I (�=�� S� .8�� (6)� � G� ��%)�
 .8�� .���%O*, (a� ��100  � $�3) (�� �	��� ��%O*, �%� b#�	� S#� ���!� -%� � #� >�@A�?� �� .(��� �=��

 �$���<O32023 �$���<O3 � ��O	� l2024 .(WEFR  �WEFD  �� �	!%� �� �3 ���O� �O3100  �� �� S%O*, �=��
 |�Z
 ��WEFR � V�O�� j#�F �%A� �� jA�7 �*� (�%� �$�	)%� ��E%� (�� �� �� (�%� �#��H� �� ��

                                                      
1 Shiyatyi 
2 Alizadeh Motaghi 
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 ���� �� � (�� ����WEFD �� �X� ��  52��� �� .(�� ���� 8�� ��%)� V��@� G%)�� >����� �� �A�O�� j#�F ���
 j#�F V�O�� � (�8�� ����
 G%)�� >����� $�-%� �,�O� 4!
17/84 ��I�%7 � ��-� ��%)� .����� ���� jB�� �

�� V�6I �H?�� �� � ���� .���&� ���@, �� ���C� V�� �� (1�� �X� �� �#�� �	6A� .���  ��9#� � ����� S%@� .�
�O� ��X	�� �� ��� $�	)%� �H?�� �� $
 j���, ��� �CA �(�� ���  |�Z
 �� ���!� b#�	� .����WEFR  �WEFD 

 �$���<O3 � ��O	�) (�� ��� U��-�2024 .(WEFM  �� "�
 .��� �#CD �#���1 �*� �W�� ���
�� (�� �� -%�
 �� Q�W,� S#� ���� jB�� ��#� ��%)� S� � G� a� �G� ��%)� �A
 ���� .(���� S%O*, �� �#���� �(�� �H?���%7

.��� �@A�?� ���� �H?�� 

 V��B) ��� $�!� �@A�?� ���� "�
 .��� �#CD �#���1 .�3�	����D S%� � 	)6O3 b#�	�2 ( �#CD �#���1 �*�
) �3� !#���
WEF�*� �� 4# �%3 �� �	6`� ]�6,�� (  -9� (�A���1) �,�6��&� �#CD �#���1 .�3WEFD  $�!�

 g?� �� �����@� � �W�� �?��� � ����99  �� �=��WEFR  g?� �� � �95  �� �=��WEFU  �WEFB  ��� $�!�
�� �X� �� �� �&� .�3�	����D .��
����� ��F�� S#� ����*� �,�6�  $���3 P8�, �� "�
 .��� �#CD �#���1 .�3

�� $�!� �� ) V��� � ��I����� .�3�2023 ( ]�6,�� ��� ��j����  S%� .�3�	����D �  �3� !#���
 �#CD �#���1 �*�
�*� �,�6��&� "�
 .��� �#CD �#���1 .�3  ��!� ��) �@A�?� ���� �H?�� '#��� �� ]���� �� $
 � ����O� �����

, � ��	)��� (�%��WEF �#���1 S%O*, .��� ��j���� "�
 .�#CD S%HH&� �� (��� �B�, �#�� .��	)��� �,
�	��� ����� (�,�6��&�) ��%O*, .�3�	����D �� �3� !#���
 .�3�	����D ���� 5��?, ��� �� �W�	*�  � -D�A) ���

 �$���<O32007��� l1  �$���<O3 �2017 �$���<O3 � ����� l2019l  �$���<O3 � $�32023 �$���<O3 � ��O	� l
2024�#���1 �*� $��� �#CD�%%h, ��%)� RE	
� S#� �%A� ���H	@� � (  �H?�� �� (6)� "�
 .��� �#CD

�?%&� >�%=�Z
)l  �� .���&� ���@, a��� �� >8��@� S#� S%�pO3 .(�� �F��� (#�#�� � (���
 |�Z*�
(�� S<O� �� ���� ��� �q��� �3 ���� "�
 ����� �� .� ���	)� i%2 ���#�O� ) ����6� �3 �$���<O3 � ��O	�2024 .(

 �3� !#���
 .�3�	����D ��%� �%D �� �*� (#�F� (I� (�� S<O� ��B�� ��%O*, .�3�	����D ��<�O� �� S#� ��
� �3� !#���
 .��Z
�� �� �N�� ����� �%�&, � ����� �� ��%� � ����� �	���� |�
 �H?�� 4# �� � �H?�� $
 �

.���� �H?�� $
 .��� �#�B �A��@� 4# �q��� [\�  

���%!� � � A�o a��� ��� ����  -B �� ��	)3 V���� s�,�O� �3Sand �Sand/Clay  �SAR  �O� V���� '#��� �� ��
 V��B) ����� ��=�13 >��%%h, j#�F a��� �� S%�pO3 .(BD  �pH "�
 ��  .���� $���3 P8�, �	)� .�3

�%%h, �G� �6)� .�#CDOM �Clay �Silt �CCE �SP  �CEC  � '��	� .�#CD�%%h, .����Sand �Sand/Clay �EC  �
SAR  V��B) ��	)3 8�� .�#CD�%%h, .����3�� �X� �� .( �� $�	)%� (�� �� ��)��
 ����� ���%p%D �� ���

(%A�@1 $��-O3 �
��, �N�"�%�) �	1���� � �	1��
 .�3  �$���<O3 � �3�2018 >��%%h, S#� �%A� (����  .��#���)
 �$���<O3 �1404.(  

  

  

  

  
                                                      
1 Guo 
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 H��#2�7���� !$
� ]�= �!�� ��Q2 P��)�O ��0�S��$�2 �%� �;S��+0 : 

 
WEF   WEFF   WEFU   WEFL   WEFR   WEFD   WEFB   WEFM   

WEF %  1         

WEFF % 125/0 - 1              

WEFU %  
*169/0 -  **893/0  1            

WEFL %  017/0 -  **345/0  131/0  1          

WEFR %  
**191/0 - **217/0 **475/0 062/0 1    

WEFD % 134/0 **875/0 - **965/0 - 037/0 - **245/0 - 1   

WEFB % 
*164/0 - **913/0 **909/0 125/0 **444/0 **862/0 - 1  

WEFM % 045/0 - **321/0 - 110/0 **341/0 - **336/0 114/0 - **226/0 - 1 
** ��@�  g?� �� .���99  � �=��* ��@�  g?� �� .���95 �=��  

  

 S% ��%� ���H�BD  $���3 P8�, ��45/1  V��B) ��� j@<� �	O%	��� �� ���3 >�@A�X� .(�� �?��	� ���H� �� (
) $���<O3 � V�*O� �����F�1395"�
 �� ( �� $�!� $�	)%� (�� .�3  ����� ���H� S#� �� �3�53/1  �� ���

�O� ��3�!� |�Z
 S#� �� ��B�, ���I >��W, �� (�� j@<� �	O%	��� �� �X� �� .���  �%A� �� RE	
� S#� ���
 �	6)� �H?�� �� a� �=�� S% ��%� .(�� ���
 ��B� �� (�� �� (6)� P8�, �� S� �3�� � a� $�-%� �#�-1�

) '��	�63/27  ��� (�=���� �#S ���H�  ���k) a� S% ��%� (6)�12 -16  � �O��3) $�	)%� (�� �� (�=��
 �$���<O31395S%)k l  �$���<O3 � �~�1401��� l �$���<O3 � .��#1404$����D l���1 .�6�� ���H�2 �2018 �� (

�� ]���� $���3 P8�, 4%1����qr (%3�� �� ��F�� S#� �� ��� �	!%� ��B�, ���I >��=  -%� (�%� S% ��%� .����
 �����02/50  ���k) $�	)%� (�� �� (6)� ���H� S#� �� ��t �� ��%A� �� �� ��� �=��42-40 �O��3) (�=��  �

 �$���<O31395S%)k l  �$���<O3 � �~�1401 �$���<O3 � .��#��� l1404$����D l.�6�� � ��� ���H�2018 l
.��#���3  �$���<O3 �2019 ����� $���3 P8�, �� S� S% ��%� ���H� �?H� �� .��� �	!%� (35/22  �� ��� �=��

 ���k) $�	)%� (�� �� (6)�46 -41  �$���<O3 � �O��3) (�=��1395S%)k l   �$���<O3 � �~�1401 .��#��� l
 �$���<O3 �1404$����D l.�6�� � ��� ���H�2018 �$���<O3 � .��#��� l2019�� �X� �� .(�� �	O� ��%)� (  ���

(%A�@1 $��� V�@1  ����%3 -#��
 ���k .��	�� �� $���3 P8�, 4%1����qr '#��� � �H?�� �� �	1���� � �	1��
 .�3
#� �%A��� >��%%h, S S%)k) ����  �$���<O3 � �~�1401 �$���<O3 � .��#��� l1404"�%� l  �$���<O3 � �3�2018 l
$����D.�6�� � ��� ���H�2018 �$���<O3 � .��#��� l2019V�OB l ��ON �q�4  �$���<O3 �2025 S% ��%� ���H� .(

SP  $���3 P8�, ��98/53 ��t �#�-1� �� �B�, �� �� ��� �=��"�
 S#� �� (�%� � a� > "�
 �� (6)� �3  .�3
 S% ��%� ���H� �9%	� �� �$�	)%� (��SP "�
 �� (6)� G3  �$���<O3 � �O��3) (�� .�31395V�OB l  �q�

 �$���<O3 � ��ON1403 �$���<O3 � .��#��� l1404.(�� �	!%� (  

  

  

                                                      
1 Pahlavan-Rad 
2 Akbarimoghaddam 
3 Shahriari 
4 Jamalzehi Samareh 
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  خصوصيات خاک تالاب هامون آماری هایبرخی ويژگی :٣جدول 
	%[
\=  �%;��%�  ��%+   ��%/%�  _���$��  �;�
�  �`�%/   $�%7� a��3��  4��%%c& b��:  

OM (%)  ٠٧  ١٧/٠  ٣٨/١/۵ ٢۶٢  ٨/٠۵٩٣  ٨/١۴/١  ۵٣٨/٠  ١٨/٠  
BD (g/cm3)  ۴۵/٢٨  ٠٢٠/٠ ٩٠/١  ٩٩/٠  ١۵/٠  ۵١  ٨٧/٠۴١٠/٠  ٢/٠  

Clay (%)  ۶٨٠  ١  ٣/٢٧/۶۴ ۶٠٢/١۴۶  ١٠٨/١٢  - ١٧٩/٠  ٢٠٧/٠  ۴۴/٠  
Silt (%)  ٠٢/۵٠  ۶٠/۵  ۴٠/٨۴ ٠٣٨/١٨۶  ٢٩۴/٠ -  ۴٩۵/٠  ۶۴٢٧/٠  ٠/١٣  

Sand (%)  ٣۵/٢٢  ۴٠/٠  ۴٣١٧/٢٢١ ٠/٩٠  ۵۵٨٧٧/١  ٧١٩/٣  ٢/١۴  ۶٧/٠  
Sand/Clay ۴١٠/٠  ٧/١  ۶٣  ٩٩٠/٧  ٠/٢٢۵٨/۵  ٧٢۴/٩٢/١  ٨٢٧/٢  ٣٢  
CCE %  ٩۶/٣٢  ۵٠/۵  ۵۶ ٢٣١/٩۶  ٠۶٠  ٢/٠۶٣٠/٠  ٨١٠/٩  ٧/٠  

pH  ٢١/٨  ۴٠/۶  ٠۵/١ ٩۶٧/٠  ۵٣٧/٠ -  ۶٠۴/١  ۴٠  ٠٨/٠۵/٠  
EC (dS/m)  ٩۴/٧  ١٨۶٣٠  ٣/٠/۶۴ ۴١  ٩٢٩/٠  ٠٨/٢٠٨۵۵/٠ -  ۴٣۶/١۴  ٧۶/٠  

SAR (mmol.l)  ۴١  ٢/١٨۵٧٨/١  ٣/٠۴۶ ١٢۶/٣۴٣  ۴٨٠/۴  ١۶٢/٢٧  ۵٢۴/٠١/١  ١٨  
SP %  ٩٨/۵١  ٣۴/٩٠/٨٩  ٢٢ ۴١۴/٢٨٠/٠  ٢٣٠  ۵١٧٩/١  - ٣٢/٠۵  ٢٨/٠  
CEC 

(meq/100g)  ٣٨/١٣  ۶٨٠/٢  ٠/٣۶ ٣  ٩٢٧/١٣۴٧/٠  ۶٢٨/٠  ٧٣٢/٣  ٧١/٠  

  

S% ��%�  ����� $���3 P8�, "�
 �A
 ����38/1  V��B) (�� �=��3 (�� �� (%=�Z
 S#� S% ��%� (6)� �� (
 ���k) $�	)%�1 S%)k) (�=��  �$���<O3 � �~�1401 �$���<O3 � .��#��� l1404$����D l���1  �$���<O3 �2018 (

 � .����� �N� �� ]���� ��#� V�O	k� �� ��F�� S#� �� ���� �	!%� �O� 52��� �� .(�� �H?�� �� �� �3�%� ���D
 S%HH&� ��H	�� �� 4!
�3 "�
 �� �A
 ���� �#�
t  G� ��%)�(��  4!
 G%�I� �%A� �� S#� ��H?���D ��� 

�� �!#���1 ����� (%A�@1 >�� � �%H1 �3�%� ����  �$���<O3 � � �3
 ���� ��@�E7)1393��� l � �1�=
 �.��#���1399 � .��#��� l �$���<O31404 V��@� G%)�� >����� S% ��%� $�-%� .(96/32  �� �	!%� �� ��� �=��

"�
 �#��H�  ���k) $�	)%� (�� .�320  �$���<O3 � �%�) (�=��1394 �$���<O3 � V�*O� �����F� l1395 l
 �$���<O3 � .��#���1404(�� �� S%HH&� �
�� ��H	�� �� �� ��� ( �� ()D �F��� � ��E%� .�3  4#�-� �%A�

>����� �� ��7 ��%���#� P
 $��� V-,��) (�� �@%62 "�
 �� ���
 �O3��1 � +O9, �"�
 g?� �� �32  �
$������3 �2005b#�� �� �<# �� ( �� G%)�� >����� $
 S#�, ���) ���� �.��#��� � �1�=1399 |�Z
 �� .(

 $
 S% ��%� �� ���%,�� V��6, (%1�{38/13 ��%�)� $8��%�� �100  S#� �#��H� �� $�-%� S#� � ��� ("�
 ���
 $���3 P8�, �� a� � �A
 ���� ���H� �%X� $
 �� �N�� ����� $��� �,8�� �� ��� �	!%� �O� (�� �� (%=�Z


 ���k) $�	)%� (�� �� (6)�11 ��%� �� $8��%��100  �$���<O3 � .��#���) ("�
 ���1404 ��� S#� �%A� (
��  ��%� .����"�
 �<#�	<A� (#��3 S% $���3 P8�, .�394/18 ��� V��k) ��� �	� �� [�O#�3 $�-%� �� (

 ����� -%� "�
 ����� S% ��%� � (�� �#8��21/8  �� ���
 �#��H� ���!� ��%)� (%=�Z
 �� S#� �#��H� �� ���
 �$���<O3 � ����8�) $�	)%� (��1399 �$���<O3 � .��#��� l1404$����D l��� .�6�� � ���H�2018 .(�� (

 ����� ��% ��%� $���3 P8�, �� "�
 G#�� PCB (6)�42/18 ��%� $��� �O#�� �� $�!� �� (��� �	%A �� V��
"�
 �H?�� �� $�� !3�TD '��, ���
 (��� b#�	� �� "�
 G#�� PCB (6)� ���H� S#� � ���� �@A�?� ���� .�3

 ���k) � �<��%�7 ��%�(�	%A �� V��  �$���<O3 � ������)2016 ���k) $�	)%� (�� �� �� � �	!%� (37 ��%� -

 �$���<O3 � .��#���) (�	%A �� V��1404 .��� �	O� ��%)� (�� ���H� S	1� 8��#G a� �����D y��� �*, � �3#j 
 ��� "�
 $�O	
�� �$������ � V-,��)2005(  � ��	�%9� �%$�- ���1#� CD#�. ���. �-1�#� �� #��� ) � 4%B�,

                                                      
1 Pahlavan-Rad 
2 Schaetzl   
3 Anderson 
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 �$���<O31381��� .(.  "�
#4 ��@� ()#� &�%?� �B. � �� (��� ����, ����,�# � ���H	��%3�$�  (&, ��
N�,%� ��� � �3� ���I  ��O#�� � ��� "�
 $��%$�3�  � �3�� ��#� � �� j6�%S $
 S	1� � �3� �����) �  � �1�=

 �.��#���1399.��
� l1  �$���<O3 �2015(  �$���<O3 � .��#���) ��� �#�!, �� "�
 �#���1 �9%	� �� �
1404(.  

�� ��O9� ��"�
 �� ��O� $�%� $��, �� '��	� �	1�� .���� �<#-%1 >�%=�Z
 �X�� �� $���3 P8�, �	)� .�3
 ��B �9%	� �� � (�%� >��t (%6A�7|�Z*�  >�%=�Z
 .��	)3 '��	� ��6�� (��2� �=�� � .�3�{

� .-%*�=�k"�
 S#�� ���� �� �O� �, '��	� �#��H� �,�O� �3 >�%=�Z
 .(V��@� G%)�� >����� -9�) ����
"�
 $��� �O#�� � .��� ����� [<@��"�
 .���� �@A�?� ���� �H?�� �� ����� $�!� �3 �O#�� � ��� .�3

.��� $�!� �� .�	O� G#�� S% ��%� �#��H� $�	)%� (�� �� (6)� ��� �(��  

 � 	)6O3 � "�
 >�%=�Z
 S%�WEF  V��B ��4  .(�� ��� �q���BD �Silt  �CEC �?��� ��@� � �W�� .�  � ���
EC  �SAR �?��� ��@� � (6`� .�  �� �� ���WEF  $�!������ �%h	� $���� �� >�%=�Z
 S#� �� (�� ��t $�#�� .

 .�� ���W	�� (:�%9#����) ���
 S%�� -%A��
 �� �<O�  

�	1�#�� $�� !3�TD  �3�� �� �� ���BD �� �3�� -%� .��� �#���1  � �*�*, �#�-1� �%A� �� ��F�� S#� �� ���#
$��) (�� ���� "�
 �A
 ���� �#�-1� S%�pO32  �$���<O3 �2018�E1 l ����3  �$���<O3 �2020.(  -q�k �	<� S#�

�%� >��t �#���1 �� (%��)k i�	*� +���� �� �� (�� (%O3� �� ��F�� S#� (��� �B�, �#�� .(�� ��� ��t (
 >�@A�?� �A� (�� �O	k �6#�H, ��
 �#���1 |�Z
�%
�  .�3� �� $�!� �� �,��W	� b#�	� .��� �#���1 ���k ��

� >��t%(�  l-#� (�%� >��t |�Z*�)02/0 – 002/0  (�	O%�%��O,#� � ��#��9  ������
�3. �D#�,���  � ����� ��
�� S#� "�
 �3�# � ���H� ��%(� ���1 ����� �� �,8��#� ���. ���H�  �,�� ����  �$���<O3 � .��#���)1404��8�� l4 

���%��� �5 �2010 �$���<O3 � E%B��� l2022 �$���<O3 � ��O	� l2024.(  

 H��#4�!�� ��Q2 P��)�O P
� � ]�= 4�%[
\= �%� �;S��+0 :  

CEC  SP  SAR  EC  pH  CCE  Sand/ClaySand  Silt  Clay  BD  OM  WEF    
                        1  WEF % 
                      1  006/0  OM %  
                    1  129/0 -  **264/0 -  BD (g/cm3)  
                  1  039/0 -  094/0 -  099/0  Clay %  
                1  **337/0 -  024/0 -  079/0 -  **187/0 -  Silt %  
             1  **643/0 -  **505/0 -  053/0  004/0  091/0  Sand %  
            1  **668/0 **250/0 **539/0 - 093/0 083/0 025/0  Sand/Clay 
          1  031/0  *161/0  **277/0 -  114/0  044/0 -  116/0  135/0  CCE %  
        1  064/0 -  109/0 - 092/0 -  035/0  074/0  **245/0 -  049/0 -  058/0  pH  
      1  062/0  025/0 -  036/0 - 065/0 -  059/0 -  *146/0  055/0 -  054/0 -  **263/0  EC (dS/m)  
    1  **398/0  111/0  068/0  070/0 - 122/0 -  049/0 -  **205/0  **224/0 -  048/0 -  **184/0  SAR (mmol/l)  
  1  **303/0  **362/0  104/0  *139/0  **265/0 - **237/0 -  **205/0 -  **522/0  008/0 -  027/0 -  006/0  SP %  
1  018/0 -  *154/0 -  053/0 -  020/0  080/0 -  044/0 - 018/0  001/0 -  022/0 -  019/0 -  **208/0  **216/0 -  CEC 

                                                      
1 Akhzari 
2 Ling 
3 Fallahzade 
4 Colazo 
5 Buschiazzo 
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(meq/100g)  
** ��@�  g?� �� .���99  � �=��* ��@�  g?� �� .���95 �=��  

 �<�#� �� �B�, ��CEC ���3� $�!� �(#�� $�-%� ��
 ��?� �� �W�� ��� �� .�3���� (�� �� ��  �����,,��$�% �3  ��

 PCB��� $�#�A�
)1  �$���<O3 �2017�(  �� .�%�� �H� � �3�%� ���D ���H	�� �9%	��� � "�
 .�%*�=�k

�#���1 �� $
 �W�� ]�6,�� �CA ����� ) .��� .()%� ��X	�� �� ��� "�
 .�#CDEC$�# �#�-1� �%A� �� (  i�	*� .�3
) $��� �O#�� � ��� ��9#� "�
 ��SAR(#�� � "�
 V��&� �� G#�� $�# �#�-1� �%A� �� (  �A��6, .�3

������
 �� ��9#� �3 "�
 $�� �O#�� � #� >��6� �� � ���  �������D 5#�2 �� "�
 $�O	
�� j#�*, jB�� �3
a� �� �3 ) ���� �$���<O3 � .���1401 �$���<O3 � ���B�%� l2019�3�TD �� .(  ��	1�#�� SH%H&� .��@	� .�3
 ��EC  �SAR �H� �%A� �� ��D �� �W�� ��%)� �N� S%�pO3 � "�
 $�O	
�� j#�*, �� $�� �� �3�%� �

�#���1  ����� �	6`� �?��� "�
 .�#CD �$���<O3 � .���)1401 �$���<O3 � ���B�%� l2019 � �H	� ���-%�� l
 �$���<O32020 .(  

]�= �!�� ��Q2 P��)�O P
� ���N� ������� 

V�~� S%� �� j���� .�O� �%%h,  ��#�O� .�3.��� �O��%%h, V�� S#�	�� � �#��� U���� �?
 � ���� � a��� ��
) ����O%I�� >�@��� ��O9�RSS ���H� �`���k � (R2  V��B) �� P�*	��5 .��� �O��%%h, V�� S#�	�� .(WEF � V�

�3�TD .��� .������� $�!� -%� .��@	� .�3� .��� V�� "�
 >�%=�Z
 �
�� .��� �O��%%h, V�~� S#�	�� �� ���
V�OB) (��  �$���<O3 � ��ON �q�1403 � .��#��� l �$���<O31404 �$���<O3 � �O�� l2022 [��#��� (6)� .(

�@?I  �� �	O� (6)� S#� ��� .(�� ���<� .�3��%h	� ��	
�� >��I �� �Z
�� ���	�
 �� .�25/0  �� ��%h	� �����
 S%� (6)� ��� � .�I ���<� ��	
��25/0  �,75/0  �� �%� (6)� S#� ��� � '��	� $
 ���<� ��	
�� ��%� ���I

75/0 8���6���) ��� �3��
 i%@F $
 ���<� ��	
�� �����2  �$���<O3 �1994(.  ���<� j���,WEF  aE� ��
 V��B) (1�� ���I '��	� ���<� j���,5 .(  

V�� ���#��� .��� S%�� .�3   �	����D S%� � 	)6O3 ��	�� �<O� �%h	� $���� �� ���
 >�%=�Z
 �� ���W	�� � .���

 �	1�� ���
 (%=�Z
 � � ���,�%=�Z
 ��@� � 	)6O3 �	����D $
 �� ��  :�%9#���� V�� ���� (��� ���

w
�� a����� .����) ���#��� .�3ME  �RMSE G#�� PCB (6)� �<O� �%h	� �� �A�O@� :�%9#���� U�� �(
)SAR .��� (WEF ��5%I� � S#�	�� $���� �%D U�� S#�, �!H� �%�, .��� ��%�WEF O� $���3 P8�, �� ��O� �
) V��B6 .( 

 H��#5:  �+��%%c& $��S-� H�S�  � H�d� e�
S�� ��0$�%7� � �+��%%c& ��0�S��$�2 

�S��$�2 H�� �7�� �f� ���S)X  �%fg& "�7�  ���N� b)��&  ���N� �;S��+0 '�W%�  R2  RSS  

WEF  .���  8/95 1/336 37700 715/0 '��	� 904/0 4510 

�3�TD �� �
�� �� ���I� �� .�3U�� �)#�H��%D �� .���
 S%�� .�3���O� "�
 >�%=�Z
 ��%� �� ���W	�� ����
���� �%=�, �� :�%9#���� U��.�6�� � �%��W@B) ��� ��%�1393) $���<O3 � �O��3 .(1395 � �<��%� �H?�� �� (

���D �� ���I� $�	)%� (��U�� $�%� �� ��	1�#�� � ����O� "�
 >�%=�Z
 .���S%�� .�3
 ���W	�� ���� .���
 � V��@� G%)�� >����� �(�%� .��� �A�O@� :�%9#���� U�� � �<#�	<A� (#��3 .��� ���� :�%9#���� U��

                                                      
1 Khaledian 
2 Cambardella 
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) $���<O3 � V�*O� �����F� S%�pO3 .����� �� ��<�O� S#�	�� �H?�� �&?� "�
 ��6�� (��2� �=��1395 -%� (
V�� .��� ��	��� ���{�<#�	<A� (#��3 ���<� .��� �� �A�O@� :�%9#���� U�� "�
 V��@� G%)�� >����� � �

"�
) $���<O3 � P���� .����O� �O� �	�� $�	)%� (�� .�31397�@A�?� �� ( �� ���I� .� ���	�
 (��� ���
��
 .��� �#���1��  �H?��4�#-B $�	)%� (��  �� ��	��� ���{� � ����O�U�� S%� �� S%�� .�3  ����
 V��
�� :�%9#����  ��� ��)#�H� �� (�%� �<O� �%h	�V��  (�I� �.��� �#���1 ���	�
 (��� ���
�� �� :��%9#��

��� .�	!%�S%)k .� ) $���<O3 � �~�1401 $�	)%� (�� �� ��
 .�#CD �#���1 w
�� ���<� .��)A�� �� (
�� �O� �	�� 4%1����D�, .�3�%h	� �� �A�O@� :�%9#���� U�� �� ��	1�#�� �#��� .����) $���<O3 � .�1404 (

 ���<� .��)A�� ��WEF  a� �� S� (6)� �<O� �%h	� �� ���� :�%9#���� U�� ��	1�#�� $�	)%� (�� ��
V�� �� .��@	� >�@A�?� .(�� �!H� �%�, U�� S#�	�� � ���
�� (�B :�%9#���� U�� �� ����� $�!� �%
� .�3

U�� �#�� �� "�
 >�%=�Z
 ���<� S%O*,S%�� .�3�� �O� �	�� .���
 �$���<O3 � �������) ����1397 ����� l
 �$���<O3 �1398V�OB l  �$���<O3 � ��ON �q�1403 �$���<O3 � �#�%A�� l1403.(  

�� �X� ��  j#�F S%�pO3 � $�	)%� (�� �� (6)� S� $�-%� �	O� S% ��%� �%A� �� $���3 P8�, �� ���
, ��� � a� �� S� (6)� .8�� >��%%h, V��B) V���� +#��3 ���<� .��)A�� �� .��#� �H� �%h	� S#� �(WEF 

 ���<� .��)A�� �� "�
 G#�� PCB (6)� � (�� �	���� ($�	)%� (�� RE
��) $���3 P8�, ��WEF  ��
�3�TD �
�� .���� ���k �N�� �<O� �%h	� $���� "�
 $��� �O#�� � .��� ]�6,�� �� �3  � .��� �#���1 �� �3

#���1� ���O� ����� .��� .�#CD  �$���<O3 � .���) ���1401 �$���<O3 � ���B�%� l2019 � �H	� ���-%�� l
 �$���<O32020$�# �#�-1� �%A� �� .��� .(  �#�-1� �%A� �� $��� �O#�� � ��� ��9#� "�
 �� i�	*� .�3

(#�� � "�
 V��&� �� G#�� ������
 �A��6, .�3 �� ��9#� �3 #�� S#� � ��� "�
 $�O	
�� j#�*, jB�� ��#� G
a� �������D 5#�2 �� �� �3  �$���<O3 � .���) ����1401 �$���<O3 � ���B�%� l2019 ��	1� (��� �B�, �#�� .(

"�
 $��� �O#�� � .���  .��� �#���1 �� �B��� �� ("�
 (1�� �����) ���
 � �?%&� '#��� �� �B�, �� �3
�� ��%� � (�� ��%p%D � >��W	�  �#��H� �	k � ���� .�	!%� >�@A�?�EC  �SAR  .�3��	1� '#��� S#� �� -%�

 �$���<O3 � ���B�%�) ����� ����	�2019��2�
 l1  �$���<O3 �2025 ��� ���� $�!� �%
� >�@A�?� �	k .(
�	��D �	��D �<#��2 �� ������ �,��W	� (���H� -%� ��� ��9#� .�3  �� .�	!%� (���H� �<O� .�3 �#���1 �����

�	��D �� (6)� .���  �$���<O3 � ��2�
) ����� �O#�� .�32025.(  

$�O3  �� ����� �� ��2�#���1 �*�  "�
 .��� �#CD�	O�  ��40 �#���1 �� $�!� �=�� S%� �G� .�#CD40  �,50 
�#���1 aE� �=�� .�#CD'��	�  �� �%� �50 �#���1 �=���� $�!� �� 8�� .�#CD) �3��%� �$���<O3 � �,

1965 a��� S#� �� .( �<�)2�� ��3�!� (  ���H� �� ���WEF  $���3) $���3 P8�, �I�� �A�O� 52��� ��
�*�) $���3 P8�, ���7 P��B � P�7 � (����%3 $���3) �I�� P��B �("��D  $���3 � .����� $���3 �� �#�3

�#���1 �� (%��)k (����%3 (�� 52��� �#�� �� �	!%� .����*� . ��O� .�3  �#��H� S#�	O� .����� $���3 �� .�
�#���1  .����� $�!� �� "�
 .�#CD  

 H��#6H�� �����$� : �%�� ��0H�� ���� �$��X  ���N� ���)WEF 

R�$  �N+ �%cS�  H��  RMSE ME 

                                                      
1 Khatei 
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i�%.��  
- �A�O@� 829/15 020/0 

- ���� 222/16 924/1 - 

i�%.�� 
  

BD 
�A�O@� 831/15 020/0 

���� 796/15 847/1 - 

Silt 
�A�O@� 920/15 050/0 

���� 065/16 014/1 - 

EC 
�A�O@� 735/15 009/0 

���� 010/16 187/1 - 

SAR 
�A�O@� 719/15 014/0 - 

���� 923/15 846/1 - 

CEC 
�A�O@� 817/15 020/0 

���� 848/15 627/1 - 

'�� �,[�O E
N7� �0! 

-  $��,1 945/15 483/0 - 

-  $��,2 368/16 149/0 - 

-  $��,3 135/17 126/0 - 

  
 �N�2���2 �/L� :  ����WEF ) �7���� !$
� �L��� $!$����)#�� (  

�.%S�  ��%`  
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���1#� ���. ��  $����#4 �B �A�o. �#() &�%?� ����� ��-A �4!
 52��� ���# ��)A�� �. I�%5  �*�
���1#� CD#� ��� �� "�
. ��#�#( �D#��� F���� �#P�9 �� ���� .#S ��� R�3 �� �3�TD#��� U�� �3.  ���
�� i�	*�

��)A�� �. ��<�� ���1 �*�#� CD#� ���. �� �$���3 P8�, ��  $����#4 ���&� $����� .�� ��9�� ���67���� 
#�	1� �3. �#S �� �@A�?� U�� �� ��� $�!� ��F� �3. ,�6��&� V���	�� ���1 ���
��#� CD#�.  .������� �#'  |�


���� � (I� �� $���3 P8�,�# � �����
�� ��8%��	)  	)6O3 ��B�� W��� �@� �� ��� �%S ��H�#� ���
#3� !�  �
�H��#� �6��&� � '��, ���#S �� �>8��@�#�. ��
�����. � �� ���
#S  �H?�� S%#�D ��<�O� �	�� >��6� �� �# � ����

 P8�, �� �� >8��@� S#� ���&� �# ��� $�!� $���3 �3�� .#S � ���� ����, ����  	)��� ��� ��#� �#S  �� >8��@�
���#' &� |�
%?� �H?�� "�
 ��� � �.  �@��, $
 �� ��#�	1� ��� ��� ��-A �� ������ ���. V��  �q��� � �3

�H?�� >8��@� ��&� � ��%� D ��%� � ��<�
� ����. 

�� ��)A�� �6�B. ��<��� �	�#b ��k�  �� ��� $
 �� .��� �O��%%h, V�� S#�	��WEF  a��� �� >�@��� ��O9�
) ����O%I��4510) S%6, j#�F � (904/0 ( .��� V�����  ���<� j���, �WEF  '��	� ���<� j���, aE� ��

U�� $�%� �� S%�pO3 .(1�� ���I �@A�?� ���� .���
 S%�� .�3 ����� U��#9%:� �A�O@� h	� �� ���W	�� ��%� 
<O�� SAR�� � I� $����%5 �,#S ��� U��. ���D ���. ���<� ���1 �*�#� CD#� )RMSE= 15.719  �ME= -

0.014 (�,�� �@A�?� ���� �H?�� ��. ����. �#S #�	1� O3� ��%( ���� �%�. U�� �� �3. D%�	1�! ��%S ���
 ���. 
���&� $��� ���D#( �3. ���O� ]�H� �����. �u,%� �� ���. ���D ���. ����# ���1 �?
#� ��� . P8�, �	)� ��

�*� �� ��� $�!� $���3 �3.  Q�� V�O��*�) Q�� P��B �("��D $���3)  (����%3 $���3 �� �#�3 P�7 �
�*�)  (����%3 $���3 � .����� $���3 �� �#�3���� P8�,. �,8��#S ��)k%( � .��	)3#S �� 52���#� �A�� ��#( 
������ �3. ��#�#	� A�	�� �� � ���I%���. 

+OB �� ���. ����#� �� ��%9�)� G%O@, (W� $��, V�� �3. ���1 ���
��#� CD#�. 9����6	�� $���� ���� �� �3. 
�&�� �� ����, �3���
�� ��. � (������%���9� .S%�pO3 W�,%5 ���� �3. ���
#3� !� �%���� U�� �� �3. ��%S ���
 

D%�	1�! ���� �����)#9%:� �(��-��. ��� ��O,��I. �,%� �!H� �3. I�%5 ��� ��O	�� ���I �. ��#$�� OZ, �%G �%$�� 
� G3��1� ������&� 52��� �� -��O, .� ������# ��� � ��#S � �@A�?�� ����, �Nv� ���. �D �3�� ��#��  � ��67����

F��� �� ({�Wk� ��
 �F�k ��#- ��3$� .����  

  

j����  
3����%O� W��
� ,S)&�. )1402�&, .(%� h,%%>�� P8�, (k�)�  �3. �� � $���3#� ���D �3. �
�� H?��� �%$�	) ��Z, �� ���W	�� ��#� 

����3�� �.�!� .#� 1��hB%�  ,�@��, �21)71 ,(139 -165 .10.22111/gdij.2023.7598doi:  

�P���� �T%��l .�������D� �Ok�l �����&= .�%D� S%)k l.�%���  .G`%�)1397 .(U�� (�I� ���#��� S%�� .�3  ����Z� �6Z� �<6� � ���

�H?�� :.���� �@A�?�) .��� �#���1 ���	�
 (��� ���
�� ��  .($�	)%� (�� �4�#-B ..�?%&� �#���1 .�3 �3�TD 8 )3(�  w=

87  �,105.  
� �.�Ok�a�6 �$�%����I �) .�h=� ��� ������W@B � �F�1396�#���1 �� �Nv� ����� .(  (�� :���� �@A�?�)��� ���H� �� "�
 �,�t .�#CD

.$��W=� �	@�= �� !��� .$��#� "�
 ���� �� �� S%O3�-��D .(-#�6, 

�������� ��1l ��I� .��)
� V�O�l .������ $�%q�Oh#� �)%W� l��\������ ) .S)k1397 ���<� >��%%h, .( �� ���W	�� �� "�
 ���@� >��t
���D (�B ��� �� �9�� � ���
 S%�� "�
 (1�� .��� ."�
 � P
 �32 )6 w= �(1207  �,1222.  
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����<�. 3 ������.��� �E7�� k�%O� ��)
.� kS)���� �.� �V������
 ��� .�A���� A ��� �O%B) .1399��� V�� .(. h,%%>�� ��<�� 
���� �� �����. F��� ���D �� �� �F�k#�o� ����%� ��, �� ���W	�� ��%j 9�� � �����
 V���%�� 1��hB .R�����%� �D �#���. &�%' 

1��hB ����!3�TD)%��# �(10)35  �(57-72 .10.22126/ges.2020.5303.2238doi:  

�#�%A��� �F��%Okl �&A�=� �F�%�� l$�%����� ) .�F��E71403U�� ���#��� .( S%�� .�3 ���D .��� ���
 ��T#� �
�� .���  �H?�� "�
 .�3
.����� �� $� ���� a��1 $�	�� �i�	*� .�3 .$��#� "�
 � P
 >�H%H&, �55 )1 w= �(97  �,116 .  

������ �A�� � �3
 ���� ��@�E7� �Ok�� $�%��Ok�� �O&�  �.����� ) .��WA����3981��T#� �� �
�� ���<� +#��, ����� .(  .�3
U�� �� ���W	�� �� "�
 �#�%O%��<#-%1 S%�� .�3 ($��3�� �� ���� �%)� :.���� �@A�?�) ���
 .P
 ������ � ()#� '%&� �5 )3 w= �(

251  �,263.  
) .G%3���� ���#CD � S)k ��O%k� ����1 �4%B�,1381�<#�	<A� (#��3 �"�
 �A
 ���� �N� .(  �!!� (���H� �� G#�� PCB (6)� �

������
  .�3��9� . ���� � $��1 ����!�. � +���� 62%@�� 3�  w=1  �,15.  
�%��W@B� �����  ��%� .�6��� ) .G�)�1393� �B P
 � "�
 �#�%O%� � �<#-%1 >�%=�Z
 �� �
�� ���<� +#��, ����� .(  �� ��� .�3

S%�� �� ���W	�� �� G!I ��#-B ���
 .$��#� ����= � � �B >�H%H&, �22 )4 w= �(673  �,686 . 

V�OB ��ON �q��[��# ,� .��#���� ���� ��� $����D� �F��O&�� �#��B �q�%F� .���� � �F�%��� ) .��WA����1403 .�@~� �� .����� �!H� .(
U�� 5%W�, �� ���W	�� �� "�
 ��6�� (��2� �=�� �� �?%&� .�3�%h	� � .���
 S%�� .�3 $�	)%� (�� .�3�TD ��9�  ({�Wk .�3

"�
 � P
 �31 )4 �(111-89 .doi: 10.22069/jwsc.2025.22614.3746 

) .�h=� ��� �"�D ��)k1389 .((4%	)%,�	���qr) ���
 S%�� .$���, �� !��� >���!	�� .330 .| 

S%)k ~��� ���%��  ���� �.��#���.�O&��%��  ��F�%�� ��#��B �q�%F �G%3�����q�F�� �G`% .���� � ��A� ��� .)1401( ]�6,�� ����� .
 .$�	)%� ��E%� (�� �� "�
 ��
 .�#CD �#���1 ��	��1 � �?%&� .�3�%h	�$��#� P
 ������ .�3 �3�TD� 2)4( :78 -57 .   

���O3�� �%9�� �O��I �O&�� �O��I � ��O&�� ) .��#�1401��� .(#��� �3������. 	{�Wk� �W, �#&� 3� �� ���W	�� �� $���3 P8�,%(1� 
��C� U���.  .]��!�H&,%>�H ����!� �@��, � ��Z	I�. �#$�� ,53)1 ,(129-143 .doi: 10.22059/ijaedr.2021.332234.669091 

����8�� S%��� ��@�E7����� �Ok� � ����6@�� �O���) .1399 .��� ���� $���
 �� ���W	�� �� .���� .�3�%h	� ��%�� j%��, S%%@, .(
V��  G%��	D .����6Z� G	)%� �� PCB ���I-(���� l� �<��%� �H?�� :.���� �@A�?�) .��1 .H&,%>�H ���� ����� �� 52��� 4!
� 
67 �2 )1�(  w=67  �,75 .  

���� �F� �V�*O� E%��l ���� ��@�E7� �Ok�l ��-�� �%@�l �1 �7��1� ���k l .����� ) .��WA����1395 i�	*� .�3 U�� ���#��� .(
$�	)%� (�� "�
 .�3 ��T#� �
�� ���<� ���
�� �� ���%���� ."�
 � P
 ���� 26 � ���O�)2  �*�2(� w= 151  �,162. 

.��#���� ���� .�O&�� ��,�� �%�� .�O&��%�� G%3����� �!OI �O2�1� .��� � �����  ..��3)1404 ���<� �����D ����� .(
U�� �� ���W	�� �� $�	)%� (�� �� "�
 .��� .�#CD �#���1.���
 S%�� .�3 .&� >��2�*� ��9�%' 62%@� ���� .14 ���O� �43 :

132-111 .doi: 10.22111/jneh.2024.49372.2060  

����1�=� ��@)� l.��#���� ) .���1399 ���O3 �#�C7 �=��� �
�� $�-%� � �#�%O%� >�%=�Z
 �
�� ����� .( (�� ��67 � ��� ��
$�	)%� .�@%62 '%&� >��2�*� 9 )23 w= �(99  �,116 . 

��@�E7  ���� ) .��O�� ����6@� � ��@)� ��O��3 �$��#�1 ������� ��Ok� �� �3
1393U�� �)#�H� .(  � .���
 S%�� ��?
 $�%���� .�3
V�� �� ����Z� �6Z� �<6�  .$�	)%� (�� 4!
 �F��� �� �A
 S��� .����#�!� P
 � "�
� 6)28�(  w=1250-1260 .  

�<��� $�%��%W� ���%@�� �#�D�� ���?�� ��F�%��� �1�����D ��%@�� .���3�� ��%@�� ) .�%k�1398��� V�� .(. ���?�%( �#�� 	) 
-�
 $�����D. -�
 ���� �. D��	�
 �`���k V�� �� ���W	�� �� $���3 P8�,� .����%r�A�. (P8�,) P8�, �11)40  �(5 -14 .  

��@�E7 ��-Ok ��%� ) .��O�� ����6@� � �Ok� �����1394 .$�	)%� (�� �� �W)1 �O3��1 �� "�
 �N�� .�3 �	����D S#�	O�� S%%@, .(
�#�!� P
 � "�
�6)29(�  w=1674  �,1687. 

.���� ���F�%� .��*	1�� ��$���� .��#��W��� ������� �������, .�O&�� � � ��.�Ok�� �.a�6 )1401 .(�#���1 �-B ���
��  .��� .�#CD
V�� 4O� �� "�
  .S#�-I �I�� P��B �F��� �� �!*� �� 4%	�r G	#�� A� �� ����Z� �6Z� �<6� 5%W�, � ����Z� �6Z� �<6� .�3

�3�TD�?%&� �#���1 .�3� 12 )1(�  w=145  �,159.  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

A���� �.���� ��Ok� �� �3
 ���� ��@�E7 ���@)� ��O��3) .��WA���� ����� .��9k �$��#�1 ������� ���W1395���D � �#����� �(  .���
 �� .���
 S%�� .����� �� ���W	�� �� "�
 �#�%O%� � �<#-%1 >�%=�Z
GIS  .($�	)%� l� �<��%� �H?�� :�,�@A�?� ����)�!�#� P
 � 

"�
� 30 )2�(  w=443-458.  
Abdel‐Rahman, M.A., Zakarya, Y.M., Metwaly, M., & Koubouris, G. (2021). Deciphering Soil Spatial Variability through 
Geostatistics and Interpolation Techniques. Sustainability, 13: 194. 
Alizadeh Motaghi, F., Hamzehpour, N., Mola Ali Abasiyan, S., Rahmati, M. (2020). The wind erodibility in the newly 
emerged surfaces of Urmia Playa Lake and adjacent agricultural lands and its determining factors. Catena, 194, pp 104675. 
https://doi.org/10.1016/j.catena.2020.104675 
Bouajila, A., Omara, Z., Ajjari, A., Bol, R., Brahim, N., (2022). Improved estimation and prediction of the wind-erodible 
fraction for Aridisols in arid southeast Tunisia. Catena 211, 106001. https://doi.org/10.1016/j.catena.2021.106001 
Cambardella, C.A., Moorman, T.B., Novak, J.M., Parkin, T.B., Karlen, D.L., Turco, R.F., Konopka, A.E. (1994). Field-scale 
variability of soil properties in central Iowa soils. Soil Science Society of America Journal, 58, pp 1501-1511. 
Christie J, & Bostwick P. (2012).Climate change adaptation plan for coastal and inland wetlands in the state of Michigan. A 
white paper prepared for the Michigan Department of Environmental Quality Wetlands Program and Coastal Management 
Program. Association of State Wetlands Managers, Windham, Maine.  
Colazo, J.C. and Buschiazzo, D.E. (2010). Soil dry aggregate stability and wind erodible fraction in a semiarid environment 
of Argentina. Geoderma, 159: 228-236. 
Delbari, M., Loiskandl, W., Afrasiab, P. (2010). Uncertainty assessment of soil organic carbon content spatial distribution 
using geostatistical stochastic simulation. Soil Res. 48. 27-35. 
Dufková, J.K., Prochazka, ´ V., Szturc, J., Maˇsíˇcek, T. (2021). Using the equation for computing the wind erodible fraction 
of soils in the conditions of the Czech Republic. Acta Horticulturae et Regiotecturae 24 (1), 63–70. https://doi.org/ 
10.2478/ahr-2021-0025  
Fallahzade, J., Karimi, A.R., Naderi, M., Shirani, H. (2020). Soil mechanical properties and wind erosion following 
conversion of desert to irrigated croplands in central Iran. Soil and Tillage Research 204, 104665. 
https://doi.org/10.1016/j.still.2020.104665 
Fan, X., Weng, Y., and Tao, J. (2016). Towards decadal soil salinity mapping using Landsat time series data. International 
Journal of Applied Earth Observation and Geo information. 52. 32-41. 
Fryrear, D.W., Saleh, A., Bilbro, J.D., Schomberg, H.M., Stout, J.E. and Zobeck, T.M. (1998). Revised Wind Erosion 
Equation (RWEQ), Wind Erosion and Water Conservation Research Unit, USDAARS- SPA Cropping Systems Research 
Laboratory. Technical Bulletin No 1. 
Fryrear, D.W., Krammes, C.A., Williamson, D.L., Zobeck, T.M. (1994). Computing the wind erodible fraction of soils. J. 
Soil Water Conserv. 49 (2), 183–188. https://doi.org/10.1080/00224561.1994.12456849 
Guo, Z., Chang, C, Wang, R., Li, J. (2017). Comparison of different methods to determine wind-erodible fraction of soil with 
rock fragments under different tillage/management. Soil & Tillage Research, 168, pp 42–49. 
https://doi.org/10.1016/j.still.2016.12.008 
Han, Y., Zhao, W., , Ding, J. and Santos Ferreira, C.S. (2023). Soil erodibility for water and wind erosion and its relationship 
to vegetation and soil properties in China's drylands. Science of the Total Environment 903: 166639. 
https://doi.org/10.1016/j.scitotenv.2023.166639 
Jamalzehi Samareh, Y., Shahriari, A., Pahlavan-Rad, M. R., Ziaie Javid, A., Bameri, A. (2025). Spatial modeling of soil 
saturation percentage using machine learning methods in Sistan Plain. Agriculture, Environment and Society 5 (1), 19-31. 
doi: 10.22034/jelsa.2025.479520.1087 
Karaoglu, M., Erdel, E. (2023). Soil properties and mapping of the Aralik-Igdir wind erosion area-I (surface). Carpathian 
Journal of Earth and Environmental Sciences, 18 (2), pp 277 – 288. doi: 10.26471/cjees/2023/018/258 
Khaledian, Y., Brevik, E.C., Pereira, P., Cerdà, A., Fattah, M.A., Tazikeh, H. (2017). Modeling soil cation exchange capacity 
in multiple countries. Catena 158, 194-200. https://doi.org/10.1016/j.catena.2017.07.002 
Khatei, G., Rinaldo, T., Van Pelt, R.S., D’Odorico, P., Ravi, S. 2025. On the differential effects of salinity and sodicity on 
aeolian erosion dynamics and particulate emissions. Earth Surface Processes and Landforms 50, e70040. 
https://doi.org/10.1002/esp.70040 
Li J., and Heap A.D. (2011). A review of comparative studies of spatial interpolation methods in environmental sciences: 
performance and impact factors. Ecological Informatics 6:3-4. 228-241. 
López, M.V., de Dios Herrero, J.M., Hevia, G.G., Gracia, R. and Buschiazzo, D.E. (2007). Determination of the wind-
erodible fraction of soil using different methodologies. Geoderma 139, 407–411. 
https://doi.org/10.1016/j.geoderma.2007.03.006 
Mirakzehi, K., Pahlavan-Rad, M., Shahriari, A., Bameri, A. (2018). Digital soil mapping of deltaic soils: a case study from 
Hirmand (Helmand) river delta. Geoderma 313, 233-240. https://doi.org/10.1016/j.geoderma.2017.10.048 
Motameni, S., Soroush, A., Fattahi, S.M., & Eslami, A. (2024). A data-driven approach for assessing the wind-induced 
erodible fractions of soil. Journal of Arid Environments, 222: 105152. 
Nan, L., Dong, Z., Xiao, W., Li, C., Xiao, N., Song, S., Xiao, F., Du, L. (2018). A field investigation of wind erosion in the 
farming–pastoral ecotone of northern China using a portable wind tunnel: a case study in Yanchi County. Journal of Arid 
Land 10(1), 27-38. https://doi.org/10.1007/s40333-017-0073-8  



���  ��� � 	�
� �
����� �� ����� �� ������� ���� .� �  	�! "�#$�%� ���  �
��

$�& '����( .	)� *$�+� �  

 

Ninerola, V.B., Navarro-Pedreno, J., Gomez Lucas, I., Melendez Pastor, I. and Jordan Vida, M. (2017). Geostatistical 
assessment of soil salinity and cropping systems used as soil phytoremediation strategy. Journal of Geochemical Exploration. 
174. 53-58. 
Pahlavan-Rad, M. Dahmardeh, K., Brungard, C. 2018. Predicting soil organic carbon concentrations in a low-relief 
landscape, eastern Iran. Geoderma Regional 15, e00195. https://doi.org/10.1016/j.geodrs.2018.e00195 
Pahlavan-Rad, M.R., Akbarimoghaddam, A. 2018. Spatial variability of soil texture fractions and pH in a floodplain (case 
study from eastern Iran). Catena 160, 275-281. https://doi.org/10.1016/j.catena.2017.10.002 
Pásztor, L., Négyesi, G., Laborczi, A., Kovacs, T. (2016). Integrated spatial assessment of wind erosion risk in Hungary. Nat. 
Hazards Earth Syst. Sci. 16, 2421–2432. https:// doi.org/10.5194/nhess-16-2421-2016  
Rakkar, M.K., Blanco-Canqui, H., Tatarko, J., (2019). Predicting soil wind erosion potential under different corn residue 
management scenarios in the central Great Plains. Geoderma 353, 25–34. https://doi.org/10.1016/j.geoderma.2019.05.040 
Rezaei, M., Mohammadifar, A., Gholami, H., Mina, M., Riksen, M.J.P.M., Ritsema, C. (2023). Mapping of the wind erodible 
fraction of soil by bidirectional gated recurrent unit (BiGRU) and bidirectional recurrent neural network (BiRNN) deep 
learning models. Catena, 223, pp 106953. https://doi.org/10.1016/j.catena.2023.106953 
Sarani, F., Ahangar, A.G., Shabani, A. (2016). Predicting ESP and SAR by artificial neural network and regression models 
using soil pH and EC data (Miankangi Region, Sistan and Baluchestan Province, Iran). Archives of Agronomy and Soil 
Science 62 (1), 127-138. https://doi.org/10.1080/03650340.2015.1040398  
Schaetzl, R. J., Anderson, S. 2005. Soils: Genesis and Geomorphology, Cambridge University Press, 833 p.  
Selmy, S.A., Abd El-Aziz, S., El-Desoky, A., & El-Sayed, M.A. (2022). Characterizing, predicting, and mapping of soil 
spatial variability in Gharb El-Mawhoub area of Dakhla Oasis using geostatistics and GIS approaches. Journal of the Saudi 
Society of Agricultural Sciences. 21. 383-396. https://doi.org/10.1016/j.jssas.2021.10.013 
Shahriari, M., Delbari, M., Afrasiab, P., Pahlavan-Rad, M.R. 2019. Predicting regional spatial distribution of soil texture in 
floodplains using remote sensing data: A case of southeastern Iran. Catena 182, 104-149. 
https://doi.org/10.1016/j.catena.2019.104149 
Shiyatyi, E.I., (1965). Wind structure and velocity over a rugged soil surface. Vestnik Sel.-khoz. Nauki 10. 
Sirjani, E., Sameni, A., Moosavi, A.A., Mahmoodabadi, M., Laurent, B. (2019). Portable wind tunnel experiments to study 
soil erosion by wind and its link to soil properties in the Fars province, Iran. Geoderma 333, 69–80. 
https://doi.org/10.1016/j.geoderma. 2018.07.012.  
Skidmore, E.L., Hagen, L.J., Armburst, D.V., Durar, A.A., Fryrear, D.W., Potter, K.N., Wagner, L.E. and Zobeck, T.M. 
(1994). Methods for investigating basic processes and conditions affecting wind erosion. In: Lal, R. (Ed.), Soil Erosion 
Research Methods. Soil & W. Cons. Soc. Ankeny, USA, pp. 295–330. 
Usman, H. (1995). Wind erosion in northeastern Nigeria. 1. Erodibility factors. Arid Land Res. Manag. 9 (4), 457–466. 
https://doi.org/10.1080/15324989509385912. 
Webb, N.P., Strong, C.L. (2011). Soil erodibility dynamics and its representation for wind erosion and dust emission models. 
Aeolian Res. 3, 165–179.  
 




