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Desertification is one of the most destructive environmental phenomena globally. 

Remote sensing data and techniques offer valuable information for desertification 

mapping and assessment. Desertification is a particularly grave environmental threat 

in Iran, especially in the southeastern parts of the country. This research was 

conducted to map the degree of desertification in the Narmashir region of Kerman 

province in 2023 using Landsat 8 satellite imagery. Initially, the Tasseled Cap 

Transformation (TCT) method was used to extract three indices: Tasseled Cap 

Brightness (TCB), Tasseled Cap Greenness (TCG), and Tasseled Cap Wetness 

(TCW). Next, the Normalized Difference Vegetation Index (NDVI) and albedo were 

estimated. Subsequently, linear regression analysis was performed on the 

combinations of TCG-TCB, NDVI-albedo, and TCW-TCB. The results showed a 

strong negative correlation between TCW and TCB and a very weak correlation 

between NDVI and albedo. The highest positive correlation was observed between 

TCW and TCG. Based on the highest correlation values and the regression 

relationship between TCW and TCB, a Desertification Degree Index (DDI) was 

created for desertification grading. The DDI was divided into five desertification 

classes: very low, low, medium, high, and very high. Based on this, only of the 

studied area exhibited very high desertification intensity, and showed high 

desertification intensity. The overall accuracy of this index was found to be. Due to 

its simplicity and high capability, this method is highly effective for managing and 

protecting arid and semi-arid lands. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Some researchers have established a link between desertification and an increase in surface albedo. 
Soils with a sand and light texture dry out faster compared to soils with a clay texture that retain 
surface moisture. Decreasing moisture reduces the availability of water for vegetation, thus leading to 
desertification. However, in some research, desertification was investigated by developing quantitative 
relationships between biophysical indicators. These earlier models cannot effectively distinguish areas 
with low and high desertification intensity. Consequently, new relationships were developed to extract 
various degrees of desertification. 

The purpose of this research is to investigate the degrees of desertification in the Narmashir region in 
Kerman province. For this purpose, a relationship based on various biophysical indices such as NDVI, 
greenness, wetness, surface albedo, and brightness was presented. The research methodology is based 
on comparing the regression analysis of the NDVI-albedo index with the Tasseled Cap indices (TCB, 
TCG, and TCW). The DDI (Desertification Degree Index) was calculated based on the regression 
analysis results and used to extract the degrees of desertification. The final desertification intensity 
map is classified into five degrees. 

 

DATA AND METHODOLOGY  

Several remote sensing techniques have been developed to map and assess desertification in arid and 
semi-arid regions. These methods include visual interpretation methods (Huang et al., 2006), the 
Spectral Mixture Analysis (SMA) method (Tram et al., 1998, Vervenci, 2016), classification 
algorithms (Afrasini et al., 2017, Afrasini et al., 2018), spectral indices (NDVI and albedo), and image 
transformations such as TCT (Zancheta et al., 2016). The proposed methods are based on the analysis 
of the relationship between biophysical spectral indices and the risk of desertification. The primary 
goal of these methods is to select the optimal combination of spectral indices that provides a high 
correlation. The selected methodology can be divided into three main stages: extraction of spectral and 
TCT indices, training and correlation analysis, and implementation of an index to extract different 
degrees of desertification in the study area. 

 

RESULTS AND DISCUSSION 

After performing the spectral indices, the indices were analyzed (Figure 2). High values of NDVI and 
TCG correspond to agricultural fields located in the study area, while low values indicate the desert 
areas in the Narmashir region. Low albedo values are related to vegetation and water areas, whereas 
high albedo and TCB values indicate light-colored, whitish soils. The TCW index provides 
information about soil moisture, and its values vary. High TCW values are related to water areas and 
vegetation, while low values indicate dry areas such as dunes and soils poor in organic matter. 

The western part of the Narmashir region is located on the alluvial cone and benefits from favorable 
moisture conditions, making it less prone to desertification. The eastern part of the region has 
experienced severe desertification, and these areas are interspersed with agricultural lands. About half 
of the studied area had very low albedo values. However, the region has seen a lot of desertification. 
These areas appear in white on the satellite images. In the eastern regions, the amount of albedo was 
higher than in the western regions. Due to the climatic, dry, and semi-arid conditions of the region, 
vegetation is limited only to places with access to water sources. Therefore, the area had very little 
vegetation. Only of the area consists of fields, and in the rest of the areas, vegetation cover is limited. 
Farms and vegetation are heavily encircled by desert areas. The TCB index values correspond to 
albedo values and match areas with high albedo. The TCG index also has a high correlation with the 
NDVI index. About of the area lacks vegetation. The soil moisture index has special conditions. The 
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Narmashir region's location on the alluvial cone allows these regions to have more favorable moisture 
conditions. Eastern regions have very low moisture values. 

 
Table 4: Pearson correlation coefficient and determination coefficient values between desertification intensity 

estimation indices 
indices slope Pearson correlation R2 

TCW, TCG 1.37 0.49 0.24 
TCW, TCB -1.84 -0.77 0.61 

TCW, NDVI 1.52 0.42 0.18 
TCW, albedo -1.57 -0.65 0.43 
TCG, TCB -0.008 -0.009 0.001 

TCG, NDVI 1.28 0.99 0.98 
TCG, albedo 0.14 0.16 0.02 
TCB, NDVI 0.12 0.08 0.006 
TCB, albedo 0.98 0.98 0.96 

NDVI, albedo 0.17 0.25 0.06 
 

CONCLUSION  

The findings showed that the combination of TCW-TCB provides superior results compared to the 
NDVI-albedo combination. The DDI index uses multispectral images to estimate desertification and 
relies exclusively on remote sensing images for monitoring. The DDI index was used for the 
quantitative mapping of desertification intensity, and the applied method achieved higher accuracy. 
The results of the desertification map showed that and are classified as very high and high 
desertification, respectively. The Narmashir region is categorized as having very low desertification. 
The areas most affected by the desertification phenomenon are in the eastern part of the studied 
region. These areas are characterized by the movement of dunes, soil salinity, and low rainfall and 
water availability. These maps will help identify areas that require protection. These areas are 
generally characterized by high desertification risk and low vegetation density. Multispectral remote 
sensing data, such as Landsat, can be effectively used for desertification studies. 
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 ��&- �� 0"�`)M� 5/&M� HI�, � � , ���D��� 0(��� >,&2 H�4�" +��/ +K!��� HI�, .5�� S�6P o�I

�0- @(��
 0(��� >,&2 \���, � o�I 	3; 5/&MS�*)  B*14  	S�-&" �1976��/��/ <�/ ��AA7- �� 0I�/ .(  0���

$8/�� 078� +� !%; >��K
� ��&61
)  ���* ���X�/ +�15  	����1:( �1975o�I .( o�I 5
�/ � $��- �/ +�(

                                                      
1 United nations Convertion to Combat Desertification 
2 Lamchin 
3 Guo 
4 Huang 
5 Guang 
6 Wang 
7 Xiao 
8 Hill 
9 Afrasinei 
10 Pan 
11 Ma 
12 Jin 
13 Liu 
14 Kauth 
15 Jackson 
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o�I �/ $6��A- �� <,��- sDP �� i8� 5/&M� $* 0�� 5
�/ +���� +�(0 B*	 0- '�I 5`�� $/ >(�* . �&,

0- � , 0��/��/ $/ ��B- $���� �� � � , 0(��� >,&2 �� 3; $/ 0����� >(�* t`�/ 5/&M�<���/ .���� �� 	C�P

>(�?2 �� 0I�/HI�, <�/ 0:* \/��� ����� �/ �( ��/��/ 0���/ $/ F� X� 01�K�
&�/ +�( �B�2 0%�6/)  ���� 0���1  �

 	����1:(2016C - <�� .(0:� �(��/��/ Q , �/ 0Y��� N��4��� $/  B��&"  �(�&!:* <�� . B���� +��� ���� � @* 0���

��/��/ gO�4- Q�
�� N��4��� +��/ �" � , t`�/  .���� �����  � 
 \/��� 	0���  

$�A� +��/��/��/ 0/����� � +����/ $:�� � '�I 0P�&� �� 0��� 
 <� Be '�I>�B� < .5�� � , ���� $R�&" �����

G�� <�� ��0- �(G�� $/ ��&"p��&() +�]/ ��6D" +�(2  	����1:( �2006 G�� 	(SMA F��")3  	����1:( �

19980j����� n4 	2016$A!M @���&�%� 	( 	����1:( � 0B����
�) + B/2017 	����1:( � 0B����
� n2018 HI�, 	(

) 0D�MNDVI  �albedo !" � (  B��- ����]" #�TCT ��j���)5  	����1:( �2016G�� .��* ���,� ( +��9B��2 +�(

HI�, <�/ $8/�� #�O7" �/ 0B�!- ��/��/ �8I � 01�K�
&�/ 0D�M +�( G�� <�� �� = ( .5�� 0��� 3�4��� 	�(

HI�, �� T�*�" <���9/ 0- $l��� 0�V�/ 0��6!:( $* 5�� 0D�M +�(G�� . B(�3�4��� +�( ,0- �� � $� $/ ��&"

HI�, N��4��� 0O_� $OP�-  � 0D�M +�(TCT N��4��� +��/ HI�, '� +��
� � 0��6!:( #�O7" � G�&-; 	

��/��/ gO�4- Q�
��  .��* @�6A" $R%�8- ��&- $A8B- �� 0���  

��/��/ Q�
�� 0���/ 	>(�?2 <�� �� = ( - <�� $/ � ��&/ ��-�* ����� �� ��,�-�� $A8B- �� 0���$8/�� �&kB +�

HI�, �/ 0B�!-  #�!X �� 01�K�
&�/ gO�4- +�(NDVI 6 G�� . , $l��� 0��B,�� � i8� +� !%; 	5/&M� 	+K!� 	

#�O7" $6��A- $��2 �/ >(�?2 HI�, 0�&����� +�(NDVI-albedo) 0��B,�� $%&��� '()* G�� 	TCB7 	(

) +K!�TCG8) 5/&M� � (TCW9�/��/ $
�� HI�, .5�� ��&��� (�  0���10DDI  0�&����� #�O7" U���� S��� �/

��/��/ Q�
�� N��4��� +��/ � � , $!��7- ��/��/ Q , 0��9� $�A� . , ���D��� 0��� $A!M $
�� UB2 $/ 0��� + B/

 .5�� � ,  

  

���� �
 ?�� � �
  

 0���
���
 Q�]�4- �� ��,�-�� $A8B-28  � $
��40  � $A�X�8  �" $���h29  � $
��5  � $A�X�15  u�` $���h

 � 0%�:,58  � $
��28  � $A�X�45  �" $���h59  � $
��8  � $A�X�23  ����� 0X�, >4/ �� 0X�, C&M $���h

v��4- '� +�� �/ ��,�-�� $A8B- .5�� � , wX�� Q&% ��&* $�,�P �� � ��-�* �; 0X�, >4/ � � , wX�� $B1
�

 .5�� � , $M�P� ��/��/ $O��� $/  

                                                      
1 Becerril-Piña 
2 Huang 
3 Tromp 
4 Vorovencii 
5 Zanchetta 
6 Normalized Difference vegetation Index 
7 TASSELLED Cap Brightness 
8 Tasseled cap greenness 
9 Tasseled cap wetness 
10 Desertification degree index 
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 47�1 .������1 �5L/� �� ��(�L� ��'� ���#�� <��M'� :��� B6�&� :w!B-  

��/��/ Q , 0���/ +��/  5� B% ����]" �� $R%�8- ��&- $A8B- �� 0���8  �� ��&]" <�� . , ���D���17  5�&�;

2023 $/$/ 0(��� >,&2 	��-� <�� �� $*  , 3�4��� #�%� <�� $/ ��-��" �� �/� �� / ����]" . -; 5��  ��K�-

� , 5,���/ 0`��� QV&]7- � � ��� #X� P �� ���&(�- <�� �� . ��6  +���� $* � , ���D��� 0/�"��/ 0D�M  ��/

#61�2 +�(30  0��-� ���/ �� � ��&/ +��-16 .5�� � , +����/��&]" ����  

 ,�#N1<�O'PJ :���Q@C� "�
#1�G "�
 <C#/( ���'
�� F� �#�8  

� B�B�  �m�  g���  ���"+����/��&]" x   ��/  '�1D" ��&"  N&- C&M  

OLI  5� B%8  158  40  17/08/2023    ��/1  30 ��-  #P�� 	��!y����  

  ��/2  30 ��-  0/;  

  ��/3  30 ��-  K!�  

  ��/4  30 ��-  K-�X  

  ��/5  30 ��-  '��K� K-�X ����-  

  ��/6  30 ��-  ��"&* N&- K-�X ����-  

  ��/7  30 ��-  ��"&* N&- K-�X ����-  

  ��/8  15  '�"�-��1��2  

  ��/9  30  S���� �/�  

  ��/

10  

100  0"���P  

  ��/

11  

100  0"���P  

  

C�-�� 0(��� >,&2 Q��D" HI�, � ,NDVIC�� �- �� 01� 	G�� <��" <�� .5�� 0(��� >,&2 N��4��� +��/ �(

 � K-�X 3�"��/ S��� �/ HI�,NIR  � K-�X +�( ��/ 5!6� <�
�� �/ � ��&/NIR ���� ��>�B� +�( $!��7- �����

0- ����A- .�&,NDVI  <�/1-  � (=�/ � 3;)1 HI�, .5�� ���&� �� (#-�* 0(��� >,&2) +NDVI  <� Be ��
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$/ >(�?2��/��/ 0���/ HI�, ��&B`  $%��R-) 5
�� ���X ���D��� ��&- '�I fM�B- �� 0���1��) ({6�1  �

 	����1:(2018 .(  

)1 (  NDVI =
���	�

���
�
  

 $%��R- <�� ��R  �NIR  5� B% ����]" �� '��K� K-�X ����- � K-�X +�( ��/ T�"�" $/8  HI�, . B�6(albedo 

���� S��� �/ <92 $/ '���/  ��/ #� !"���&(�- +�( 0D�M ��� 7- �� $* 5�� 0D�M  Be +�38/0  �"5/2  ��-��1�-

�� ���X0O���) ��2  	����1:( �2017 K�� �� ����" � +|��� �)�/ <��R" +��/ @9- HI�, '� <�-� i8� +� !%; .(

0- � ��&/ @�OX���/��/ t`�/  ��&" $:�� � '�I fM�B- �� 0��� 	����1:( � 0%) ���� '�I2000 �/ � !%; 5�RY� .(

��9/ � B�B� � p���% $%��R- �� +���OLI  5� B% ���&(�-8 -$/ 078� +� !%; ���;�/ �� � � , $!��7 $�
�� ��*

&* �)  ,3 	2017 .(  

)2 (  albedo �a� = ��0.356. blue� + �0.130. red� + �0.373. nir� + �0.085. swir1� + �0.072. swir2� − 0.018�&/1.016  

 G��TCT  #� !" ��&B` �/ $*KT 0- $�I�B, K��#61�2 ����A- 08I #� !" 	�&,>�B� ����]" +�( 5�� �����

S�* \�&" $* ��9/ �/ � S�-&" � 5� B% ���&(�- �� +���5  C�� ��1976  f��M �� HI�, <�� .5
�� $R�&"

 <�/ 0��6!:(NIR 0- ����� 0l�-  ��/ �HI�, �� HI�, <�� ����� +��/  .����  0��B,�� +�(TCB +K!� 	

TCG  5/&M� �TCW  HI�, . , $�
�� ��9/TCB <�-����� �� =�/ >,&2  X�
 � $B(�/ +�( 0- HI�, . (�

TCG ���� HI�, � ��&/ 0(��� >,&2 gO�4- q�&�� � B(�TCW  5�� � , ���� $R�&" o�I 5/&M� �/ v�!"�� ��

��j���)4  	����1:( �2016 G�� .(TCT $`&:�- $/ ��� �� 0D�M  Be ����]" +�( ��/ $* ���� ���� T���Y �� +�

0- 0(� C� 
 . B*2 � ���D��� ��&- #� !" T���Y 5� B% ���&(�- +��/ �� >(�?2 <�� �8 0- ���� 	&* �)  (�

2017 .(  

 ,�#N2 <C#/( �0��P: ,�5@1� S0�T :8 �('U1F V
6B 40#�: �� "�TCT  

HI�,   ��/2    ��/3   ��/4   ��/5   ��/6    ��/7  

 0��B,��TCB 3029/0  2786/0  4733/0  5599/0  508/0  1872/0  

 +K!�TCG 2941/0 -  243/0 -  5424/0 -  7276/0  0713/0  1608/0 -  

 5/&M�TCW 1511/0  1973/0  3283/0  3407/0  7117/0 -  4559/0 -  

  

)3 (  ()*+ℎ-./00 = (2�0.3029� + (3�0.2786� + (4�0.4733� + (5�0.5599� + (6�0.508� + (7�0.1872�  

)4 (  +)//../00 = (2�−0.2941� + (3�−0.243� + (4�−0.5424� + (5�0.7276� + (6�0.0713� + (7�−0.1608�  

)5 (  3/-./00 = (2�0.1511� + (3�0.1973� + (4�0.3283� + (5�0.3407� + (6�−0.7117� + (7�−0.4559�  

HI�, <�/ 0�&����� \/��� S��� �/��/��/ Q�
�� 	�( $�K�" ��&- $R%�8- ��&- $A8B- �� 0��� � $�
�� ���X #�O7"�

$A!M ���� 0O�I � ���� 	\�&�- 	@* 	@* 0O�I $��� UB2 $/= ( . , + B/ $A!M <�� �� $
�� �( '�1D" 	+ B/

��/��/ HI�, <�/ Q��D" �� ���D��� �/ 0���T�*�" � �(��/��/ +�( $A!M .5�� ��&/ 0��� 5�� 0B
 	�?�� +�}
 + B/

                                                      
1 Gillespie 
2 Naegeli 
3 Nedkov 
4 Zanchetta 
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$�A� +��/ $*��/��/ 0/����� � +����/  <�/ $8/�� ��AA7- �� 0I�/ .5�� � , S�!�X� '�I fM�B- 0I�/ �� 0���

%; � 0(��� >,&2$�K�" �� � ! 	����1:( � ��2)  ���* #�O7"�2010 0(��� >,&2 >(�* �/ 078� +� !%; .(

 ���X ��h�" 57" �� <�-� i8� +�-� $���� �� � $�,�m� ��h�" 078� >/�" C��R" �/ � !%; Q�����" � $�
�� >��K
�

0- <�/ \/��� #�O7" f��M �� 	<�� �/ ��)` . (�TCB  �TCG ��/��/ Q ,  0��� � &�%)  , $!��7- '�I 0P�&� ��

 	����1:(2018HI�, <�/ 	 ,�/ $�,�� �� 0DB- 0��6!:( <���9/ $* 0!�*�" <��R" +��/ .(  +�(albedo-NDVI 	

TCG-TCB  �TCW-TCB  <�/ 0��6!:( #�O7" +��/ �&���2 0��6!:( T��Y �� . , F���� 0��6!:( $8/��

 HI�, UB2TCB 	NDVI 	albedo 	TCG  �TCW 0- �� 08I �&����� #�O7" . , ���D��� �� ���D��� �/ ��&"

 �; �� $* ��� F���� ���� 08I $%��R-x  � #A�6- ����-y 0- $�6/�� ����-  	>(�?2 <�� �� . ,�/albedo  �TCB 

HI�, . B�6( #A�6- +�(����-  +�(TCG 	NDVI  �TCW 0- #�1�" �� $�6/�� +�(����- T�"�" $/ �/ . B(�

�D��� �� ��GIS $`&:�-$/ v�A� �� +�3�4��� v�A� . , N��4��� 0
��]" Q�&_ �� $R%�8- ��&- $A8B- #* � ,

0- >,&2 $A!M �( +��/ 08I 0��6!:( r~� . , N��4��� HI�, �( +��/ #61�2 ����A- S��� <�� �/ . B(�

��/��/ �� ��/��/ . ���� ���;�/ 0���  #-�&` �� 0,�� $A8B- <�� �� 0���0- 0��6�� � 0:�OX�  Q , 0:* 0/����� �� . ,�/

��/��/ HI�, 	0��� . ����� ��7% 0��6�� #-�&` 	0/����� <�� �� . � , F�y�� 01�K�
&�/ � 01�K�
 +�(  

$A!M +��/ ����A- + B/DDI $A!M @���&�%� �� 	$A!M UB2 $/ �/ @���&�%� <�� . , ���D��� K1B
 0R�!M 561, + B/

 +��/ 5�A
&-$A!M��/��/ + B/  G�� '� 	K1B
 0R�!M 561, .5
�� ���X ���D��� ��&- '�I fM�B- �� 0���

$,&I$/ G�� <�� .5�� � , 0P��M gO�4- Q�A!M �� ����A- >���; <���9/ <��R" +��/ $* 5�� ���� + B/ C�!��

0- Q�A!M �� r������ >��K
� � >(�* K1B
)  ,�/1 	1963���� @���&�%� <�� .((561, $/ $
&" �/ �� � �� 0"�� +�(

�������� �(0- + B/$A!M <�� $* 0BR- <�� $/ n B*���� $/ + B/$/ 0,�&-; +�($A!M � $�,� � ���� +���� ��&B` -

S)* �� R" S��� �/ �� + B/0- F���� �(0- �Z*� P $/ �9�; �� Q��D" $* 0M�A� . (�$/ � � , 0����B, 	 �� ��&B`

 $����;0- $�
�� �k� �� $A!M �( +��/��/��/ Q , N��4��� �� r2 .�&, ��9/ �/ 0��� HI�, �� +���DDI  �

F���-V 5��)  , F���� 0:����� r��"�- �� ���D��� �/ 5X� 0/����� 	K1B
 0R�!M 561,2  	����1:( �2017 .(

� 	K1B
 0R�!M 561, @���&�%� . , ���D��� 0�B���!�`� +��/ v�A� 0-�:"$A!M G�� ' +��/ � ��&/ $�6/�� + B/

 .��� � ���� <�-� v�A� $/ G�&-;  

  

�@%�0 �
" =
��
  

HI�, +��
� �� r2 HI�, #�O7" $/ F� X� 	0D�M +�( #1,)  ���� �(2 +V�/ ����A- .(NDVI  �TCG  q��K- �/

0%�P�� n���� 5A/�8- $R%�8- ��&- $A8B- �� wX������ <���2 ����A- $*� � B(� $A8B- �� $* 5�� 0��/��/ 0P�&

� , wX�� ��,�-�� @* ����A- . ��albedo $B92 � 0(��� >,&2 $/ v&/�- � � !%; +V�/ ����A- � 5�� 0/; +�(TCB 

o�I0- ����  �D� $/ #��- p�� �/ �� <,�� +�( HI�, . (�TCW 0- $l��� o�I 5/&M� ��&- �� 0"�`)M�  (�

 .5�� Q��D�- �; ����A- � +V�/ ����A-TCW $B92 $/ v&/�-0%�P�� n5�� 0(��� >,&2 � 0/; +�( ����A- $*

���� <���2$~" $O:
 �� '�I fM�B- � B(�o�I � 0B, +�(.5�� 0%; ��&- �� ��A
 +�(  

                                                      
1 Jenks 
2 Ait Lamqadem 
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 47�2IJ�� �0��5� :  "�
TCB �TCW �TCG �NDVI  �albedo  ,�C ��2023� B6�&� :w!B- .  
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 47�3IJ�� �#� �0��5� :  "�
TCB �TCW �TCG �NDVI  �albedo  ,�C ��2023�#/.0'1 :X�/� .  

v��4- +�� �/ 	��,�-�� $A8B- 0/�y >4/ � ��&/ ����&I�/ 0/&O8- 0�/&M� 5�RY� �� � � , wX�� 0�
�/; $B1
�

5�� ��:*��/��/ G&I $/ $A8B- 0X�, >4/ .5�� $�
�� ���X 0���  (�, Q ,��/��/  �/ fM�B- <�� � ��&/ 0���

<�-�$/ 0`��� +�( .5�� $�
�� ���X ��-�&" Q�&_6/37  0:* +���6/ +� !%; ����A- �� $R%�8- ��&- $A8B- ��  _��

��&/ ����&I�/ C� 
)  ��3 0%� .(7/16 ��/��/  (�, $A8B- ��  _�� ��&/ ���� 0O�I � ���� 0��� +�� �/ fM�B- <�� . ��

 ����]"0- � ��  �D� p�� �/ ���&(�- #1,)  �&,3 .5�� ��&/ 0/�y fM�B- �� ����/ � !%; ��K�- 0X�, fM�B- �� .(

$/$:�� � '�I � 0:�OX� \���, 5O` 0/; w/�B- $/ $* 5�� ��&/ 0M�A� $/ �]7B- �9B" 0(��� >,&2 	$A8B- '�I
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$�,�� 0����� <���/�B/ . ��4/53 (��� >,&2 �� $A8B- ��  _����&/ ����&I�/ @* 0O�I 0 . ��9/5  $A8B- ��  _��

>,&2 � q��K- .5�� ��&/ �� 7- 0(��� >,&2 v�A� 0A/�- �� � ��&/ q��K-  (�,$/ 0(��� +�( 0P�&� �/ Q ,

 HI�, ��K�- .5�� � , $M�P� 0��/��/TCB  ����A- �/albedo  V�/ +� !%; �� ����&I�/ 0P�&� �/ � $�,�� 5A/�8-

0- f!8B-  HI�, . ,�/TCG   HI�, �/ K��NDVI  .5�� ��&/ 0�V�/ 0�B(�:( +����8/70   X�
 $A8B- ��  _��

0- 0(��� >,&2 v��4- +�� �/ ��,�-�� $A8B- ���A��� . ,�/$B1
� 5�RY� �� fM�B- <�� $* 5�� � , t`�/ +�

 . B,�/ ����&I�/ +�" `�6- 0�/&M�  

 ,�#N3IJ�� Y�@�� ��5�� <Z�.� :  "�
=
��
 �� ��(�L� ��'�  

HI�,  Q ,  $����;  5P�6-   _��  

albedo @* 0O�I  5/14116  4/514  6/37  

@*  4/15320  8/359  3/26  

\�&�-  1/16705  5/262  2/19  

����  3/18330  9/142  4/10  

���� 0O�I  6/25674  3/87  3/6  

NDVI  @* 0O�I  04/0  1/731  4/53  

@*  1/0  6/411  1/30  

\�&�-  19/0  5/78  7/5  

����  3/0  1/65  7/4  

���� 0O�I  52/0  7/80  9/5  

TCB  @* 0O�I  1/32500  6/509  2/37  

@*  5/35576  1/396  9/28  

\�&�-  6/39113  6/228  7/16  

����  1/43266  7/140  2/10  

���� 0O�I  4/62028  1/92  7/6  

TCG  @* 0O�I  8/4557 -  1/968  8/70  

@*  9/28449 -  5/190  9/13  

\�&�-  7/197 -  4/65  7/4  

����  4/2449  2/60  4/4  

���� 0O�I  1/9763  5/82  1/6  

TCW  @* 0O�I  4/11618 -  02/0  001/0  

@*  2/4776 -  8/161  8/11  

\�&�-  1/3129 -  8/334  5/24  

����  1/1355 -  3/755  2/55  

���� 0O�I  8/2572  9/114 4/8  

  

�@10[ \�G � 

 $!��7- �� = ( $1B�� $/ $
&" �/HI�, ��/��/ Q , ���;�/ 	V�/ +�(  $/ F� X� <���/�B/ 	5�� ��&/ $A8B- �� 0���

HI�, <�� <�/ 0�&����� \/��� ���;�/ HI�, 	\I T�, ����A- �� ���D��� �/ $O��� <� / �"  , �(DDI  ���;�/

$�K�" .�����#�O7" ��K�- $/ �� +&X 0DB- 0��6!:( '� �(77/0-  <�/TCW  �TCB ��� �� ��-���2 .��� �TCW 

0- � $�,�� o�I 5
�/ � 5/&M� �/ +���� v�!"�� � p��)  (� $l��� o�I gO�4- q�&�� ��&- �� +���� Q�`)M�  ��&"

 	����1:(2006HI�, <�/ �� .(  +�(TCB  �TCG  ��K�- $/ 0:* ���6/ 0��6!:(009/0 -  .5�� � , � (��-

0���/  P �� �� 0:* 0��6!:( �(25/0  <�/NDVI  �albedo  �� Q , �( +��/ 0��6!:( ����A- .��� ����
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��/��/  C� 
 �� 0���4 Q , 0-�:" +��/ .5�� � , ���� ������/��/ +�(  ��K�- $/ 0�V�/ 0��6!:( 	0���77/0 - 

 <�/TCW  �TCB  <�/ 0��6!:( . ���� ���X�/NDVI Q , +��/ � !%; ���/��/ +V�/ +�(  �� � ��&/ 0DB- 0���

�$/ 0�!Z- 0��6!:( 	Q�A!M ��� <�/ 0��6!:( $* 5�� 0BR- <�� $/ �-� <�� . -; 5��NDVI  �albedo  ��

Q ,.5�� ��&/ 5!Z- \�&�- � @* +�(  

 ,�#N4IJ�� ]�G ]���: S0�T � H'C��
 �U@.��
 S0�T �0��5� : H�G��G �#� ���^�G "�
 �0�F  

�( HI�,  \I T�,  �&���2 T��Y  <��R" T��Y  

TCW, TCG 37/1  49/0  24/0  

TCW, TCB  84/1 -  77/0 -  61/0  

TCW, NDVI  52/1  42/0  18/0  

TCW, albedo  57/1 -  65/0 -  43/0  

TCG, TCB  008/0 -  009/0 -  001/0  

TCG, NDVI 28/1  99/0  98/0  

TCG, albedo 14/0  16/0  02/0  

TCB, NDVI 12/0  08/0  006/0  

TCB, albedo 98/0  98/0  96/0  

NDVI, albedo 17/0  25/0  06/0  
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 47�4IJ�� ]�G =/B��
 ���'�1 : H�G��G �#� ���^�G "�
 �0�F� B6�&� :w!B- .  

0�&����� \/��� ���;�/ �� r2	 ��/��/ $
�� HI�, 5I�� $/ F� X�  $
�� N��4��� +��/ F X <�%�� . ���� 0���

��/��/  <�/ \/��� S��� �/ $R%�8- ��&- $A8B- �� 0���TCW  �TCBC�-�� 	 ����A- <�
���k��� �/ HI�, �� +���

C�-�� F�K% .5�� ��&/ '� �( +��/ �Z*� P � #X� P���� +���>(�?2 �� 0�?�� +�}
 �����  B���
 �� �( +�(

 	����1:( � ��-) 5�� � ���  ���" $/ <���22011 .(  

)6 (  TCW normalized = 100.
�9:;	9:; <=>�

�9:; <=> 
9:; <?@ �
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)7 (  TCB normalized = 100.
�9:B	9:B<=>

�9:B<=>
9:B<?@�
  

$
�� N��4��� � #�O7" +��/��/��/ gO�4- +�(  >B*��2 ���&:� �� 0���TCW-TCB #�O7" S��� �/ +���&:� 	

 >B*��2 ���&:� . , @���" 0��6!:(NDVI-albedo N��4��� v�A� +��/ �� 0B���2 0��6!:( U���� .��� ���� � ,

0- ����*  (�0BR- 0DB- 08I 0��6!:( $ <�/ +���TCW  �TCB Q , $/ v&/�- $* ���� �&
� gO�4- +�(

��/��/  .5�� 0��� 

 HI�,DDI ��9/ �/ 0�&����� $%��R- �� +���NDVI-albedo  �TCW-TCB 0- ���;�/ ����1:( � ��- .����

)2011��/��/ Q , S��� �/ (  C - S��� �/ � 0���NDVI-albedo � �� 0% - \/��� $6��A- . ���* $l��TCW  �/

TCB  �NDVI-albedo  $* ��� ����TCW  �/TCB � � 2 �� +��9/ K��:" $���� �� � $�,�� 0�V�/ 0��6!:( +�(

0- $l��� �� gO�4-$R�&" C - . (�) ����1:( � ��- \�&" $�
��2011 gO�4- Q�
�� K��:" �� gRY +���� (

��/��/ $/ 0���/ fM�B- �� �?����/��/ �  <�/ \/��� S��� �/ >(�?2 <�� �� .5�� \�&�- 0���TCW  �/TCB  G��

��/��/ Q�
�� N��4��� +��/ + � 
  HI�, . , ��9B��2 0���DDI 0- $!��7- ��� $%��R- f��M ��:�&,  

)8 (  CCD = E. FGH + FGI  

 $%��R- <�� ��a  ���� ����A- .5�� $%��R- T�, � B(�a   C��R-84/1- $/ HI�, +��
� �/ . -; 5��DDI Q , 	

��/��/ @�6A" ���� 0O�I � ���� 	\�&�- 	@* 	@* 0O�I $A!M UB2 $/ K1B
 0R�!M 561, @���&�%� S��� �/ 0���-

$�K�" .5�� � , + B/0- ���� 0��6!:( #�O7"� 01�I �/ 0%; ��&- �� ��A
 o�I � <,�� o�I �/ fM�B- $*  (�

/�8- V�/$/ @*���- 0(��� >,&2 � 0/; fM�B- .���� 5A0- H4�- o�I @* 0��B,�� �/ 	0%; ��&- �&
� #�%� . �&,

 #1,5 $A!M��/��/ gO�4- Q�
�� 01�
��� + B/  >B*��2 ���&:� S��� �/ �� 0���TCW-TCB 0- ���� �� P . (�

4/17 HI�, C�:`� �� r2 $R%�8- ��&- $A8B- ��  _��DDI /��/ �&8� ���� $A!M ���� 0O�I � ���� 0��� + B/

 �� P . � ,1/30 ��/��/ i8� ��  _�� $A!M @* 0O�I 0���0- + B/��/��/ Q , 	<���/�B/ .�&,  $A8B- �� 0���

 C�� �� $R%�8- ��&-2023 #/�X 0(��� >,&2 0�&-���2 0P�&� ��0- $
&" . ,�/  

  
 47�5 IJ�� ���^�G :DDI ��$G �G �J S�� � �U@.��
 �G��� F� "��`TCW-TCB� B6�&� :w!B- .  
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 ,�#N5H�G��G �0��5� :  IJ�� a�C� �G �0�FDDI  ,�C ��2023  

Q ,  $����;  w/�- ��-&O�* 5P�6-   _��  

@* 0O�I  8/36066  8/410  1/30  

@*  4/40660  3/447  7/32  

\�&�-  5/46566  6/268  6/19  

����  6/52800  9/144  5/10  

 0O�I����  105955  3/95  9/6  

  

��/��/ �8I 0- >��K
� ��, $/ 3�y �� 0�����/��/  X�
 fM�B- . /�� ��/��/ �/ �� 0��� >4/ �� @* 0��� ���X 0/�y +�(

��/��/ Q , . ���� #/�X 0X�, >4/ �� 0���0- $
&" $/ . ,�/�&M<�-� 0O*$~" 5*�P �� 0,�� $* 0��/��/ +�( +�(

$��->����
 � +� >,&2 =��M� �� 	5�� +��/0- 5
�� 0(��� +�($�A� 5X� . �&,��9/ �/ �( r��"�- �� +���

$/ 0:����� C��R- T�"�" $/ �2�* T��Y � 0O* 57_ S��� <�� �/ . -; 5��2/91  �  _��86/0  . , ���;�/  

HI�, <�� 5�O/�X��/��/ 5�RY� ���;�/ �� �(+ B:��&" �/ 0���$l��� +�( �� � ,$�
��)����1:( � ��j��� +�(2016 � (

) ����1:( � &�%20180- 0��&4:( +���� (. ,�/  

  

���@1"��` 

 HI�,TCT HI�, 0/����/ +��/  +�(TCW  �TCB $/ �$� / 	0(��� >,&2 <�/ 0!6� $8/�� ����; 5�� +�(

��/��/  B���
 �/ o�I � 0/; $�K�" S��� �/ . , $�
�� 0��� 0��6!:( #�O7"�HI�,  ���� � o�I 5/&M� +�(

HI�, 0�?�� +�}
 �� C - '� 	�(TCW-TCB ��/��/ Q , $�A� 5I�� +��/  $�I�� ��,�-�� $A8B- �� 0���

 G�� . ,TCT 0- 	5��  -;��* � w��� 	 B:"� X 	���; 0,�� $*���&(�- �� ���D��� �/  ��&" +�(��6P � �(

�/��/ $
�� >��2 � 0:* 0/����� +��/ gO�4-� $:�� � '�I fM�B- �� 0���56��* .�&, ��
� '�I1  ����1:( �

)1986���* G��K� �� 09/��- U���� ( <�/ 0DB- 0��6!:( �; �� $*  ��TCW  �TCB  � ��&/ ���X�/TCW 0-  ��&"

����T��B- +�( 	����1:( � 56��*)  (� $l��� 0(��� >,&2 � o�I 5��� - +��/ +�"1986$�
�� .( <�� +�(

0-  �l�" >(�?2 $*  B*TCW 0-$/  ��&"\�7- � 0(��� >,&2 0/����� +��/  B:,��� HI�, '� ��&B` �� 56��

$:�� � '�I fM�B->(�?2 $/��- .�&, ���D��� '�I 	����1:( � ��2) 0O!X +�(2013 C - 	(albedo-NDVI 

0:�$B92 <�/ 0/&I K��:"  ��&"0�?�� ���� � $B(�/ o�I 	0/; +�(( ��K�- . (� $l��� <�-� >,&2 +�NDVI  �

$/ �� 0:* ����A- p�� ���" ���/ o�I � 3; +��/ 078� +� !%;0- 5�� <�/ $8/�� S��� �/ >(�?2 <�� �� .���;

��/��/  o�I 5/&M� HI�, �� � 0���TCW  o�I 0��B,�� �TCB ��/��/ >��2 HI�, '�  . , ��9B��2 0���

 5� B% �� ���D��� �/ +��9B��2 HI�, r~�8 ��/��/ 0:* 0/����� +��/ $/ 0���0���/ . , $�
�� ��* ��� ���� �(

 T�*�" $*TCT-TCB  T�*�" �/ $6��A- ��NDVI-albedo 0- $l��� �� +��9/ U���� HI�, . (�DDI  ���;�/ +��/

��/��/ " �� 0�����/��/ >��2 +��/ � ���* ���D��� 0D�M Be ����] >�B� ����]" $/ �9B" 0��� .5�� $�6/�� �����

 HI�,DDI $�A� +��/��/��/ Q , 0:* +����/ C�:`� G�� . , ���D��� 0��� .5�� ���* ����� +�"V�/ 5X� � ,

                                                      
1 Crist 
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��/��/ $�A� �� #_�P U����  T�"�" $/ $* ��� ���� 0���9/6  �5/10  _�� $A!M ���� 0O�I � ���� Q�
�� �� + B/

0- �� P . �&,1/30 ��/��/ $A!M �� ��,�-�� $A8B- ��  _�� 0- ���X @* 0O�I 0���T��; fM�B- <�����/ .����-

��/��/ � � 2 �� � �� $~" 5*�P �/ fM�B- <�� . ���� ���X $R%�8- ��&- $A8B- ��, �� 0���$��- +�( o�I +�&, 	+�

 0� ���/ �0- H4�- @* 3; �$�A� <�� . �&, <�� .��*  (�&I 0����B, ��  ���� 5a�DP $/ ���� $* 0AM�B- �(

$/ fM�B-��/��/ �8I �/ 0O*�&M 0- H4�- @* 0(��� >,&2 @*��" � V�/ 0������� . �&,>�B� +�( �����
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This study aimed to investigate the effects of livestock exclusion (enclosure) and 

grazing on the physical, chemical, and biological properties of soil at three depths 

(0–15, 15–30, and 30–45 cm) in the Sarbisheh rangelands, located in South 

Khorasan Province, Iran. The study area has an arid climate with an average annual 

rainfall of approximately 170 mm and is dominated by shrub vegetation. Soil 

samples were systematically collected from two sites: one enclosed and one grazed. 

Physical properties (texture, bulk density, porosity, mean particle diameter), 

chemical properties (organic carbon, organic matter, total nitrogen, phosphorus, 

potassium, pH, electrical conductivity, lime content, moisture), and biological 

properties (microbial biomass carbon and nitrogen, basal and stimulated respiration, 

microbial fraction) were measured. Data were analyzed using a factorial design 

under a completely randomized framework. Results indicated that both grazing 

treatment and soil depth had significant effects (p < 0.01) on most measured 

properties. Higher levels of organic carbon, total nitrogen, phosphorus, and 

biological indicators were observed in the surface soil of the enclosed area, 

decreasing with depth and in the grazed area. Microbial indices showed strong 

positive correlations with other soil properties in the enclosed site. Overall, enclosure 

improved soil structure, fertility, and microbial activity, thereby enhancing rangeland 

ecosystem function. However, limitations such as the specific climatic conditions, 

limited sample size, and low vegetation diversity should be considered. Therefore, 

further studies in ecologically diverse areas are recommended. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
In the current situation, where a large part of the country's rangelands are under the threat of 
destruction, adopting effective management policies to preserve and restore these valuable resources is 
an inevitable necessity. Enclosure, as one of the most effective methods of rangeland restoration, 
requires accurate scientific evaluation in various climatic and soil conditions. On the other hand, 
recognizing changes in soil properties can provide valuable information for assessing the sustainability 
and ecological health of the rangeland ecosystem. Therefore, considering the importance of soil 
properties in evaluating the health of rangeland ecosystems, this study aims to investigate the effect of 
enclosure and livestock grazing on the physical, chemical, and biological properties of the soil at three 
different depths in the rangelands of the Sarbisheh Plain in South Khorasan Province. 

 

DATA AND METHODOLOGY  

We selected an enclosed area to investigate the effect of enclosure on the physical, chemical, and 
biological properties of soil in the Sarbisheh Plain rangelands. A similar undergrazed area was 
considered adjacent to this site for comparison as a control area (free grazing). We attempted to select 
the control site in such a way that it had the highest similarity to the enclosure site in terms of general 
topographic conditions and physiographic features. Soil sampling was conducted at three soil depths: 
0–15, 15–30, and 30–45 cm. The samples were first sieved with a 2 mm sieve and then divided into 
two parts. Some parts of the samples were dried in open air to measure the physical and chemical 
properties (percentage of sand, clay, silt, bulk density, porosity, average particle diameter, organic 
carbon, organic matter, total nitrogen, available phosphorus, and potassium, acidity, electrical 
conductivity, percentage of moisture and lime). The other part was stored in a refrigerator containing 
dry ice and transported to the laboratory for soil biological tests (basal microbial respiration, 
stimulated respiration, microbial biomass carbon, microbial biomass nitrogen, and microbial 
contribution) to perform microbial tests on them (Bastani et al., 2023). 

 

RESULTS AND DISCUSSION 

The results of the soil's physical properties indicated that the site had a significant effect on most of 
these properties at the 1% level, including bulk density, porosity, average particle diameter, sand 
content, and silt content. Also, soil depth had a significant effect on all the studied properties. The 
comparison of average soil chemical properties between fenced and grazed areas, as well as at 
different depths, revealed that the highest concentrations of organic carbon and organic matter were 
observed at the first depth in the fenced area. In contrast, the lowest values of these two indicators 
were obtained at the third depth of the grazed area. Total nitrogen also had the highest amount at the 
first depth of the fenced area and generally decreased with increasing depth. Phosphorus had higher 
values in the fenced area and at shallower depths. Soil acidity varied slightly across all treatments and 
fell within the neutral to slightly alkaline range. The analysis of variance results for soil biological 
properties indicated that the region had a significant effect on most biological indicators, including 
microbial biomass production, microbial biomass carbon, microbial biomass nitrogen, the ratio of 
carbon to microbial biomass nitrogen, and microbial metabolic efficiency was significant at the 1% 
level. However, it did not have a significant effect on the respiration rate caused by the addition of 
substrate. Also, soil depth significantly affected all of these indicators except SIR and MBC, 
indicating a decrease in microbial activity and density with increasing depth. The correlation results 
showed there was a strong positive correlation between all soil biological indicators. Rangeland 
enclosure can impact soil microbial diversity through changes in plant species composition, biomass, 
soil pH, carbon, and nutrient availability (Zhou et al., 2023). The highest amount of soil microbial 
biomass, carbon, and nitrogen was observed in the surface layer, indicating a decrease in microbial 
activity and population in deeper layers. This decrease was more pronounced in the grazed area and 
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could be due to soil structure degradation, organic matter depletion, and grazing pressure. Previous 
studies have shown that moderate grazing can lead to increased microbial biomass, but heavy grazing 
causes it to decrease (Chen et al., 2016; Northup et al., 1999). 

 

CONCLUSION  

The results of this study demonstrate that rangeland enclosure, as an effective management strategy, 
can play a key role in improving the physical, chemical, and biological properties of soil in arid and 
semi-arid regions. Rangeland enclosure has effectively enhanced the physicochemical and biological 
properties of soil. The application of enclosure resulted in increased porosity, reduced compaction, 
improved texture, and increased organic matter and nutrients such as carbon and nitrogen. Also, 
biological indicators such as microbial respiration, biomass, and microbial nitrogen were more 
favorable under enclosure conditions. Overall, enclosure serves as a cost-effective management 
strategy that can significantly enhance soil quality, restore physical structure, improve chemical 
fertility, and increase soil diversity and biological function. Consequently, it represents a crucial step 
toward the sustainability of rangeland ecosystems and the long-term utilization of natural resources. It 
is recommended that the timing, intensity, and duration of enclosure be carefully adjusted in rangeland 
management planning according to the climatic, soil, and biodiversity characteristics of the region to 
enhance the effectiveness of this strategy. 
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:
� 	� (#	� ����� ���"��D. (@	R ��  ��"��D $NA!� $#

-"�� -I	� 	� (#	� �� Y
	^� ;�� .- � ����&��� ��S	� P#��� 
 �%8# �
:
� ��� = �� ("	� �	�I �� ("	� aS	8%R� 	

 $NA!� �� �� �	� ��	%�	  -�^�# '=	# $� �O!� $# - � ��"��D $NA!� �� �	� (����I W��
� 
 G�� ���D

���# ���C� ��� ;���U Y	)@	A� .- � ��" (� E�F $# ��� P%J� &#� �� �	� -�^�# �&+*� WM&� ���&�  ()��� �	=

&" ����	�8= 
 v��]) �2022�# u ����	�8= 
 &2024 .( 	% �� ;�� ��)(� y�^� ���D  (��
� Y��B� ���&� u$:8M ��

'�� (����I  �� j>%�� ��	=	�� $��� �"� ���� W 	!�	� k���" �	O�� ����sU\&^� '=	# ��	� eA  �R��

�� �� �-�	*� �� 
 ��	� 
 (�� '�	 �I '���I� ���#	� Y��&M&� (%J�� -�@	)I '=	# ���	� YS�	+� ;%I� ;

 �	� (O���� �&" �(=��I 
 (+�A�)1403 .(  

 
 3�,[2: �?.P�D ���&4VT _�`7��� �6.�=�  

�=R(�  ^��   a4V�� b�[:���$   �RO _�`7���_�  c�  C��J  

N�O  j
�  f14/1  a41  a43/1  b58  c14  c27  

G
�  e23/1  b38  b23/1  d52  b18  b29  

G&   d29/1  c33  c13/1  e49  a19  a31  

 ��@�,�  j
�  c46/1  d31  d86/0  a64  d13  d22  

G
�  b51/1  e27  e67/0  c54  b18  c26  

G&   a 55/1  f22  f49/0  d53  a20  c26  

 ��!=��	�� �&%  �= �� Y
	^%� ?
�R�(!)� Y
	^(� -�	  �= �� ��� .�"	�  

	%��d :c��� �%J+8=( U��& �  �j
�M)3 �(���	 t%��	=�� I����(  �	� �j
�M)3 (��� �	�� � $#�; @	�D( 

�=	[� )BD) �
:
� �(DP� 
 (��]
�% ) �	�N�%J+8= (( 	=� &F� ���	!)� 
� $� ����� �&M
 �&,� $# @	�D( 

�=	[� � 	���]
�% )94/0-=r) �
:
� 	� 
 (97/0-=r�%J+8= (( ^!�( &F� � 
 �
:
� .-"����]
�% ��� �%J+8=( 

S	� -+f�(� )r = 0.97� $# ����� �	�� (����	 I �	%�	  'N�����( %�U �� �	���	+( ��I ���	=�!� st��$ ��  .- �

$%I	� ;�� (� �	� P#��� '���I� $# - � �� ���	�� 	=  .�&" �O!� �st� ��&� 
 �&= ����*�� -�I�[ '=	# $� ���&�
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�	=�!���I �� (�	+�%�U �� �	� (����I �	%�	  'N� �� �]
�%�� 
 �
:
� ;�� -+f� (�%J+8= �;�!z8= $�st�  ��

!z8= .���� -@S��;   
 �� �Z���-: �)� $A��� ;" �Z�� 	��& &F� $�) �!%"�� ����W 90/0-=r  
88/0 -=r �(

� $#�; P= 
 	� 	% ����H( 	=� %I	�( � 	� �� �Z�� .- � �	���]
�% �%J+8=( ) -+f� k &%�r = 0.45��� �	�� ( 

 ���")2( .R� �]
�%�� 
 �� �Z�� �	�� -+f� $A����	� ��S	� -�I�[ ��@� $� aS	8% ;��!  �	=  ����*�� �� ��

��	F �st� ��&� - � e�r&�. d�	%�  $)@	A� (+�A� 
(=��I )1403 (�� �	��  
 (@� ��	� ;�� -+f� (�%J+8=

 .���� (���%�@� -���= 
 $%��� � ;�� ��� 
 �$���#	� �����	U(�H�
 d�	%� $)@	A� E�F 
 ��D k���" �� �	� �	=

�$# - � W:A� ;�� ���	�� �r	R  ��&� ����\ 
 (�	�8�"&�� �	=�!���I j�%!# �� ���:# 'N� �	� (����I �	%�	 

(� 	^�� �st� (� E�F 
 ��!# $� ���&� P%J� &#� �����	U 
 �	� -�^�# g	N��� -*M �� �Bh� ��+=�� Q� ��&!9  �	=

���� ���F ��	^% � ��&� ()���.  

 3�,[3: �d �.P�$ X.�H7S�T �?.P�D "�
��]H� _�% �`H6��
 e.  

 
BD N DP Sand Clay Silt 

BD ١       

N ٩۴/١ -٠     

DP ١ ٩٧/٠ -٩٧/٠    

Sand ٠٠ ١٠/٠ ١/٠۵/١ ٠   

Clay ٢۵/٠ ۴۵/١ -٩٠/٠ -٣٨/٠ ٠  

Silt ۴٣٠/٠ -٩/٠ ۴٨٨/٠ ١/٠- ۵١ ٠ق/٩ 

  

  
 :?�2:  "�
��]H� _�% �`H6��
�?.P�D S�T  

  

 ��L�$N�O  ���&4VT �%�.����� S�T  

 d�	%�$��O�  ��� �	�� �	� (�	�8�" Y	�Z&`� _�	���
�B� $# $NA!� G	8� �� (�H�
 $� (�	�8�" �	= $%��� � �M 

 eA  ��1 (!)� �Z�� $� ��&� ��� �B� �;�!z8= .�^JI 
 �# �]
�%�� �Q=� �(@� ��	� �(@� ;��# ���� �H�
  789

�	� (�H�
 �f#� ��  $:8M �� 	= eA  �� ��� (���%�@� -���= 
 P� 	%U ��# �]
�%�� �Q=� �(@� ��	� �(@� ;��#

(!)� 789 �� �^JI 	*!� $# (@	R �� ��" �=	[ S	� ���� (!)� Y
	^� }:%
� �	= ��	N%� �B� .-"��� ����  
 $NA!�

789  (�H�
 �%��� ���� ���  (���%�@� -���= 
 �^JI ��# �]
�%�� �(@� ;��# $:8M �� 	=(!)� �	�� $# ��&� ���  ��!=�
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 W�#�� $� �	� (�	�8�" Y����t� (�%J��
 �	�� P= �%��� �� $# �&� (�H�
 	*!� $%��� � .- � 789 
 �	��

(!)� Y
	^� k���"  �j
�M) -"��� ����4(� �	�� d�	%� ;�� .( � �	� (�	�8�" -�)r
 $# �=� $  ��BC� -c� Y�"

 ���F �	� 789 
 (�	�I��tM -�)F&�����.  

  

 3�,[4: S�T �.����� ���&4VT \7�.��� �.P�$ 

��]H�    "��Wf �[��  ���%�� _�`7���  FFFF 

�=R(�  (@� ;��#  1  13/1  **09/600  

(@� ��	� 1  92/1  **1/198  

Q=� 1  99/6  **9/98  

�# �]
�%�� 1  13/0  **3/157  

�^JI  1  19/1  **7/435  

P� 	%U  1  66/16  *8/6  

(���%�@� -���=  1  07/0  **2/177  

$%��� �  1  008/0  ns8/1  

^��  (@� ;��#  2  57/0  **5/306  

(@� ��	� 2  1/2  **3/216  

Q=� 2  1/5  **03/73  

�# �]
�%�� 2  15/0  **4/184  

�^JI  2  007/0  ns4/2  

P� 	%U  2  1/530  **8/216  

(���%�@� -���=  2  04/0  **4/113  

$%��� �  2  01/0  *6/4  

^�� *�=R(�  (@� ;��#  2  13/0  **71  

(@� ��	� 2  07/0  **5/7  

Q=� 2  65/0  **2/9  

�# �]
�%�� 2  01/0  **8/20  

�^JI  2  03/0  **4/12  

P� 	%U  2  1/11  *5/4  

(���%�@� -���=  2  004/0  **1/11  

$%��� �  2  005/0  ns3/1  

�RT  (@� ;��#  18  002/0   -  

(@� ��	� 18  01/0   -  

Q=� 18  07/0   -  

�# �]
�%�� 18  001/0   -  

�^JI  18  003/0   -  

P� 	%U  18  4/2   -  

(���%�@� -���=  18  000   -  

$%��� �  18  004/0  0  
**(!)� Y
	^� �&M
  eA  �� 	=�	8�� ;�� ���1٪�*(!)� Y
	^� �&M
  eA  �� 	=�	8�� ;�� ���5٪� ns: (!)� Y
	^� G�9 ���. 

 (�	�8�" Y	�Z&`� ;���	�� $J�	N� d�	%��	� ��D 
 E�F 7,	!� �� 789 �� 
 ��"  $# ��� �	�� }:%
� �	=

 ��" ��=	�� E�F $NA!� j
� 789 �� (@� ��	� 
 (@� ;��# ���N� ;��%��� eA  �� (@� ��&� �%��� �8O� ���	�� $#

$%I	� .- � (%[	^R -����� -c� �	� '=
HU �	= � ��� ;���U �	=!%J= d�	%� ;�� ��h����") � 
 d#�#
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 ����	�8=1398��8c� u ����	�8= 
 (�	�	 1401 .(  $� aS	8%R� ��"��D $NA!� �� (@� ��	� 
 ;��# ���N� '=	#

-�@	)I 
 (=	�� '"&U W��
� ��@� $%I	� 	� $# - � (���D �	= �	= Chen ) ���	�8= 
2022 (���� (��&
8= ���. 

 �	�� d�	%����� (�H�
 �i� �� ��"��D $NA!� 	� $J�	N� �� E�F $NA!� $� (�	�8�" �	= $�S �� �H�
  �� (cA  �	=

 .���� ���F ��%*� -�)r
 Q=� .��� - � $� ��"��D $NA!� G&  789 �� <�	" 
� ;�� ���	N� ;��%8# ���	N� ��

$� 
 ��"��D $NA!� �� (@	R �� �-"�� �� ���N� ;��%��� G&  789 �� �H�
  �]
�%�� .�&� �%8# �� ���N� E�F �� $#

$� 
 -"�� �� ���N� ;��%��� E�F $NA!� j
� 789 �� ��� �#  $NA!� �� �^JI .-I	� '=	# 789 '���I� 	� (:# �&,

789 �� 
 E�F P# �	= ��D $� -+J� E�F $NA!� �� ��� P� 	%U 
 (���%�@� -���= .-"�� ���S	� ���	N� ���  ��"

 � .���&� �%8# -"�� ���F (�	�:F (8# 	� (f!� ��
�c� �� 
 -"�� (#��� Y
	^� 	=�	8�� $8= �� �	� $%���

 j
�M)5 d�	%� .($)@	A� � ��	+F 
  ��n��)1399( ���8= �	% �*" �+!� $r&R ��  
 P� 	%U -i:X $# ��� �	��

$� ��"��D $NA!� �� P���!� -i:X 
 E�F $NA!� �� �
� (!)� �&, I	� '���I� ���� $NA!� �	� �;�!z8= .- � $%

����� ��D pH ;��	U $%I	� 	� $# �&� ��� �	= (+�A� 
 (=��I )1403 ((� �i� $� .���� (��&
8=  ���&9 �� (�� � �

�"	� (��� YS&nI ��	� ��" ��� � . �$!��� ;�8= ��_�	�1 ) ���	�8= 
2020$# ����# {���� ( pH  �� �	�

S	� ��%8# ���D Y�" 	� (N,	!�- � ;��!  �	=��D 	� (N,	!� �� ��. '=
HU �� ��8c����	�8= 
 (�	�	  

)1401 ��&� ()��� -����� -c� 7,	!� $� y&��� P� 	%U 
 �^JI ��]
�%�� �;��# ����� ;��%��� $# �" <
�� �(

���I� $)@	A� ;�� �� �;�!z8= .- � ��" ��=	�� G�� ���D -c� 7,	!� �� �Z	!9 ;�� ���	N� ;��%8# 
 $%��� � '

$� ��"��D 7,	!� �� (���%�@� -���= 
 �" {���� ����	!)� �&,. $%I	� �j	R ;�� 	� �	= $z!X �&U ���	�8= 


)1402$J�	N� $� $# ��	��# �	% � �� (  ��D 
 E�F $NA!� 
� ;�� �	� Y	�Z&`� 
 (=	�� '"&U V&!� �

(!)� ?>%�� $# ��� �	�� ��!%����U i� (�	=��t%� ;�� ���� �$%��� � �(���%�@� -���= �;" �-:�  ��� �Z�� ��

��� ��=	�� $NA!� 
� ;�� P��  
 P���!� �P�J:# �Q=�.  ��(%8�R  
 ��&A�F )1400$!��� �� (  E�F 'N�

(�H�
 �&+*� �� Y���!:�  (�	��	��#) &=S�� (F>�� ����� �� �� �����	U 
 �	� (�	�8�" 
 (����I �	= <
��

$# �"  �	� �����	U 
 -�^�# $M&� ��	F �&+*� $� �O!� G
��� E�F j	  d!U ���M�(��&". Y
	^� (��� �&M
  
 	=

(� }:%
� Y	)@	A� d�	%� �� 	=�	n�  Y�" �E�F j	89� �	�� Y�� ��	� V&� �(8�:F� k���" �&z8= (:��&9 $� ���&�

;���U ���D  .�&" ���� -+J� ( ��� ��&� 7,	!� (=	�� V&!� 
 -�8=� V&r&� ;����:c��	= �!D  �� �� ��)�

(� �	�� ����� -����� 
 ()�+, ��	!� Y	)@	A� �=�. 

 3�,[5 :�.����� ���&4VT _�`7��� �6.�=�  

�=R(�  ^��  �<f _%�-  �<f ����  g
f   /I��H�7�h6D  i�J�H
   C.�,
�H.,�J�  

N�O  j
�  a12/2  a97/2  d6/13  a8/0  d87/1  b159  e3/1 b94/7  

G
�  b66/1  b30/2  d14  b65/0  d84/1  d151  d44/1  a07/8  

G&   d31/1  c82/1  b5/15  e43/0  c  2  e145  c48/1  ab04/8  

�,� ��@  j
�  c40/1  b20/2  c7/14  c57/0  a41/2  a163  cd46/1  b95/7  

G
�  d31/1  c9/1  b6/15  d48/0  ab34/2  c153  b52/1  ab98/7  

G&   e11/1  d30/1  a16  f38/0  b30/2  e144 a57/1  ab02/8  

�	�� �&%  �= �� Y
	^%� ?
�R(!)� Y
	^� ��!=�(� ����"	�.  

 �& ��U (�%J+8= W���r ��:c� �j
�M)6 �((�H�
 ;�� (@� ;��# $# ��� �	�� �	� (�	�8�" �	= (OC)  �%��� 	�

�# �]
�%�� $:8M �� �	=��t%�(TN)Q=� � (CaCO₃) (���%�@� -���= 
(EC) �&F a	%+J� 
 (^!� (�%J+8= �)$� 

                                                      
1 Yates  
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 W���� 93/0 -=r  �89/0 -=r  
95/0 -=r (���� .(@� ��&� ;�� �;�!z8= (OM) 
 EC  ��=	�� S	� (^!� (�%J+8= ���

�" )94/0 -=r(�	�� $# � ;�� (�%J+8= ���	N� �� .- � �	� (@� ��&%c� �� ��&" (^!� ��BC� ��!=�PH   
 ��	 

X 
 }�)r a	��89 	=��t%�(� �	�� $# ��&� ���	!)��� $�&8� ;�� �� �	� $%��� � �=�  ��	  �� ��%8# ��BC� 	=

;�� -+f� k��
� .- � $%"�� (�	�8�" Y	�Z&`� TN 	� OM 
 OC �	�� ���   $��D v!�	�!� y	+��� ��!=�

- � �	� (@� ��&� -�)r
 	� �]
�%��  ���")3(� $# - � �� ���	�� ��� (�%J+8= ��:c� d�	%� . 
 ��&" '���I

(� �	� (�	�8�" -�^�# '=	# $� �O!� P�J:# Y	!��# $� .�&"  �	� (@� ��&%c� �� ��&" (^!� ��BC� �l	� �&,

(@	R �� �- � ��" ��=	�� (�H�
 ��	  Y����t� �� ��%8# 'N� �	� $%��� � $#  .- � $%"�� (�	�8�" �	=

@� ��&� -�)r
 
 �]
�%�� $��D �	�� �&F y	+��� ;�!z8= �� �� (@� ��	� -�8=� $# ������ ��=	�� �	� (

$�st� �����	U (� �	�� �	� �� $� .�=� $%I	� ;�� �(:# �&,  	� P�J:# Y	!��# 
 ��&" '���I� $# ����� ��#C� 	=

$�st� �Z	!9 '=	# - � ���8= �	� (�	�8�" -�^�# 
 ��.  

 3�,[6:  �.����� "�
��]H� _�% �`H6��
 e.�d �.P�$ X.�H7S�T  

  OC  OM  CaCo3  TN  P   K  Ec  pH 
OC  ١                

OM  ١  - ٩٤/٠              

CaCo3  ١  - ٨٧/٠  ٨٩/٠            

TN  ١  - ٩٢/٠  ٩٢/٠  - ٩٣/٠          

P   ١  - ٥٧/٠  ٦٣/٠  - ٥٥/٠  ٦٩/٠        

K  ١  ١٢/٠  ٦٤/٠  - ٥٨/٠  ٧١/٠  ٥٢/٠      

Ec  ١  - ٥٩/٠  ٦٠/٠  - ٩٠/٠ ٨٦/٠  - ٩٤/٠  - ٩٥/٠    

pH ٢٦/٠  - ٤٧/٠  - ٢٣/٠  - ٢٩/٠  - ٠٨/٠  - ٢٨/٠  - ١٧/٠  1  

(@� ;��# )OC) (@� ��	� �(OM) Q=� �(CaCo3 �(�# �]
�%�� )TN �( �^JI)P �(P� 	%U )K) (���%�@� -���= �(EC) $%��� � �(pH.(  

  
 :?�3:  "�
��]H� _�% �`H6��
�.����� S�T  

  

 ��L�$N�O  ���&4VT �%�H6.W S�T  
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 _�	���
 $��O� d�	%�Y	�Z&`� �B� $# ��� �	�� �	� (%J�� $NA!� <�	" �%��� ��  ��@&� $:8M �� (%J�� �	=

(�
���� �	�&��(MP) �	� (�
���� ;��# �(MBC) �	� (�
���� �]
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Floods are among the most significant natural hazards, causing severe damage to 

lives, property, and the environment annually. The Darab watershed in Fars 

province, due to its specific climatic conditions, topography, and geological 

structure, is recognized as one of the areas at high risk of flooding. This study aims 

to prepare of flood risk map by using the Maximum Entropy (MaxEnt) model and 

analyze the factors influencing floods in the studied watershed. This is a quantitative 

and applied research that uses field and available data, focusing on areas with high 

flood risk. By utilizing data mining techniques, GIS, and remote sensing images, 

flood risk areas are classified. Various environmental and topographic factors were 

used as independent variables, including 19 environmental parameters such as 

precipitation, land slope, soil type, drainage density, land use, and moisture, and 

topographic indices and etc. These data were collected from reliable sources such as 

satellite imagery, Digital Elevation Models (DEM), meteorological stations, and 

geological maps. After data preprocessing, the models were run, and their accuracy 

was evaluated. Finally, the flood susceptibility map was validated using AUC, and 

high-risk areas were identified. Preparation of the flood risk map shows that 

approximately 20% of the Darab watershed is at high risk, especially in low-lying 

areas with poor vegetation and inappropriate land use. It was also determined that 

variables such as precipitation, distance from stream, and elevation have the most 

significant impact on flood occurrence. The results indicate that the MaxEnt model 

has acceptable capability in predicting high-risk areas and can play an effective role 

in crisis management and regional planning. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Flooding, as one of the most significant natural disasters, causes substantial loss of life and property 
annually. Globally and nationally, floods are responsible for a considerable percentage of casualties 
and damage resulting from natural disasters. For instance, in Iran, flood occurrences have increased by 
40% in recent years. Effective flood management necessitates the identification of contributing factors 
and the determination of areas with high flood potential. In this regard, the utilization of Remote 
Sensing and GIS technologies provides powerful tools for this purpose. Creating a flood susceptibility 
map is a fundamental step in flood risk management. Flood susceptibility modeling can be performed 
using advanced statistical methods that can be integrated with R and GIS environments. Previous 
studies have employed various models such as Shannon Entropy, AHP, FAHP, fuzzy models, RF, and 
GLM Bayesian for flood risk mapping. Among these, machine learning models like MaxEnt and 
hybrid approaches combined with SAR data have been recognized as powerful tools for improving 
flood susceptibility mapping and identifying high-risk areas. Hanifinia & Abghari (2023) identified 
geology, distance from streams, elevation, and slope as the most critical flood factors in the Ziveh 
watershed, Urmia, using MaxEnt and GLM models. Aco Orchid et al. (2025) also presented a 
comprehensive approach to flood risk assessment by integrating machine learning and AHP. The 
Darab basin, due to its diverse slopes, varied vegetation, and different geological structures, plays a 
significant role in flood risk distribution. This research uses the MaxEnt model to evaluate its 
capability in predicting flood-susceptible areas within the Darab watershed and to examine the 
influence of each contributing index in flood generation. It is hoped that the results of this research 
will significantly assist in crisis management and resource conservation. 

 

DATA AND METHODOLOGY 
In this research, to model flood susceptibility and generate the flood‑risk map, 19 environmental and 
hydrological datasets were collected from multiple sources to represent the main conditioning factors 
influencing flood occurrence. The following data layers were used: Topographic Data: Derived from a 
Digital Elevation Model (DEM) with 30 m spatial resolution (SRTM). Parameters such as elevation, 
slope, aspect, curvature, and flow accumulation were extracted using GIS‑based analysis. 
Hydrological Data: Stream network density, distance to rivers, and drainage patterns were computed 
from the DEM using ArcGIS hydrology tools. Land‑Use and Land‑Cover (LULC): Acquired from 
Sientel-2 products imagery. Soil and Geology Data: Soil texture and permeability maps were prepared 
from national soil databases. Geological formations were digitized from existing geological maps. 
Rainfall Data: Mean annual rainfall and extreme precipitation events were obtained from 
meteorological stations across the study area and interpolated using Inverse Distance Weighting 
(IDW). Flood Inventory (Dependent Variable): Historical flood locations (flood‑affected points) over 
the past decade were collected through field surveys, remote sensing change detection, and reports 
from local disaster management agencies. These points were used as “presence” data for the MaxEnt 
model. By calculating the Area under the Curve (AUC), the flood susceptibility map was validated, 
and high-risk areas were identified.  
 

RESULTS AND DISCUSSION 

The analysis of the MaxEnt model results showed the contribution of each variable in predicting flood 
risk. Percent Contribution from the MaxEnt method has been used to assess variable influence. The 
percent contribution of the variables was as follows: Rain with 57.9%, Stream distance with 11.6%, 
Elevation with 10.2%, and Landuse Land cover with 8.5% had the highest scores. Conversely, Soil 
type and STI contributed the least, with 0.1%. The response curves indicated that the probability of 
flooding is high near streams and decreases with increasing distance. Furthermore, as rainfall increases 
from 100 to 200 mm, the flood probability sharply increases and then stabilizes at approximately one 
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after 200 mm. In terms of elevation, the highest contribution was observed at elevations below 1000 
m, which gradually decreases with increasing elevation, reaching about 0.15 above 3000 m. For model 
validation, the Area Under the Curve (AUC) index for the ROC curve was used. The AUC for training 
data was 0.977, and for test data was 0.947, indicating the model’s excellent performance in predicting 
flood risk mapping. The Flood susceptibility map and the percentage distribution of the different risk 
classes constitute the two main outputs of the present study, as presented in Figure 1 and Table 1, 
respectively. 

Table 1. Distribution of flood risk classes in the Darab watershed. 

Risk class  Area  Percentage(%)  

low-risk 1872  78.35  

Relatively  low-risk 42.6  1.8  
Relatively  High-risk 81.3  3.4  

High-risk 393.6  16.47  

 

CONCLUSION  

In this research, the MaxEnt model has been applied for the prediction of flood hazard in the Darab 
watershed in the southwest of Iran. The MaxEnt model is a validated and effective tool for flood risk 
mapping and identifying flood-prone areas, with studies showing high accuracy in predictions and 
identifying key contributing factors. In this research, the severity of flood risk in the Darab watershed 
in Fars province, Iran, was assessed using geographic data and the Maxent model. The results show 
that 3.4 % and 16.4 % of the study area is in the relatively high-risk and very high-risk classes. The 
analysis of variable contributions revealed that rainfall, distance from rivers, elevation, and land use 
were the most critical geo-environmental parameters influencing flood occurrence in the Darab 
watershed. Specifically, the response curves indicated that lower elevation areas, areas closer to river 
networks, and regions with impervious surfaces have a significantly higher probability of flooding.  
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1. Importance Sampling 
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1 .Topographic Wetness Index 
2. Plan Curvature 
3. Standardized Precipitation Index 
4. drainage density 
5. Normalized Difference Water Index  
6. Predictions 
7 . Shuttle Radar Topography Mission 
8. steepness 
9.Aspect 
10. Global Precipitation Measurement 
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1. Stream Power Index 
2 .The topographic wetness index 
3 . Sediment Transport Index 
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1. Normalized Difference Vegetation Index 
2. Normal Difference Water Index 
3. Water Ratio Index 
4. presence-only data 
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Water crisis in Iran is one of the most complex and challenging issues of recent 
decades, posing a serious threat to agricultural security, environmental sustainability, 
and even socio-economic stability. Accordingly, the present study aims to investigate 
the factors influencing the resilience of rural farmers to water scarcity in the Central 
District of Ardabil County. The statistical population of the study consists of 30 
villages with more than 50 farming households. Based on Cochran’s formula, the 
sample size was estimated at 366 respondents and increased to 380 to improve the 
reliability of the results. A total of six main factors and 72 indicators were employed 
to analyze farmers’ resilience. Data analysis was conducted using SmartPLS 3 
software. The findings indicate that six indicators with factor loadings below the 
threshold value of 0.40 were removed from the model. Among the remaining 66 
standardized indicators, the existence of transparent regulations for the sustainable 
use and protection of water resources, flexibility of government programs in 
response to climate change, and the development of appropriate infrastructure for 
water scarcity management showed the highest factor loadings. The results also 
demonstrate a significant relationship between the exogenous and endogenous 
variables of the model, with a relatively acceptable predictive power. Overall, the 
economic factor exerted the strongest influence on farmers’ resilience to water 
scarcity. The study concludes that resilience to water scarcity in the Central District 
of Ardabil County is a multidimensional and integrated phenomenon. Without 
adopting a comprehensive approach and simultaneously utilizing economic, social, 
infrastructural, institutional, and technological capacities, sustainable protection of 
rural livelihoods cannot be achieved. The findings further reveal that despite the 
provision of financial resources, the existing planning system has not yet 
continuously strengthened rural resilience due to its fragmented, short-term, and 
locally misaligned nature. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
The water crisis in Iran stands as one of the most intricate and pressing challenges facing the country 
in recent decades, posing a serious threat to agricultural productivity, environmental sustainability, and 
even social and economic stability. In this context, enhancing the resilience of rural communities in 
across economic, social, cultural, and other dimensions can play a crucial role in preventing the 
deepening of the crisis and mitigating the severity of water scarcity. Accordingly, this study aims to 
explore the key factors influencing the resilience of rural farmers in the face of the water shortage 
crisis in the central district of Ardabil County. This area is predominantly reliant on agriculture, and a 
substantial portion of its water resources is consumed through traditional irrigation methods practices 
that could be significantly improved through increased awareness and capacity-building among local 
farmers. In recent years, the pursuit of sustainable water resource development has become closely 
intertwined with the concept of resilience. Within this framework, a sustainable water system is 
understood as one that possesses the adaptive capacity to absorb and mitigate the adverse impacts of 
disturbances such as climate change, droughts, and floods. According to various scholars, four critical 
factors contribute to diminishing resilience in the face of water scarcity: the unequal distribution of 
water resources among neighboring nations, the intensifying effects of climate change, demographic 
pressures arising from population growth and migration, and inherent geological and climatic 
constraints particularly in arid regions with naturally low precipitation levels. Three primary models 
have been proposed for conceptualizing resilience. The first is the cognitive-structural model, which 
highlights the importance of structural reforms within institutions and society, as well as individual, 
environmental, and cognitive factors. The second is the recovery model, which assumes that 
environmental shocks can be fully reversed, restoring systems to their original state. The third is the 
risk-reduction model, which focuses on minimizing exposure to risks and hazards. Key components 
underpinning resilience include social cohesion, mutual trust, shared values, and interactive 
communication within communities. Broadly, resilience approaches can be categorized into three 
paradigms. The first views resilience as synonymous with sustainability, rooted in ecological theory, 
where resilience denotes a system’s capacity to revert to its previous state after disturbance. The 
second treats resilience as recovery, emphasizing a society’s ability to bounce back from stressors and 
regain its original functionality. The third approach centers on adaptive capacity, prioritizing a 
community’s ability to proactively respond to and accommodate change. Despite their differences, all 
three perspectives share a common emphasis on resistance the capacity to endure and positively 
respond to external pressures. 

DATA AND METHODOLOGY 
The present study is applied in terms of its objective and is descriptive-analytical in nature. The 
statistical population of this research consists of farming households in the villages of the central 
district of Ardabil County. The statistical population includes 30 villages with a population of over 50 
farming households, totaling 7,947 households, which were randomly selected for the study. The 
sample size was estimated at 366 individuals based on Cochran’s formula, and to achieve better 
results, the sample size was increased to 380 individuals. Six factors and 72 components were utilized 
for the analysis. To analyze the findings obtained from the questionnaire, the structural equation 
modeling software Smart PLS 3 was employed. 

RESULTS AND DISCUSSION 
The analysis revealed that six out of the initial 72 components were excluded from the model due to 
factor loadings falling below the accepted threshold of 0.40. Among the remaining 66 standardized 
components, the following three exhibited the highest factor loadings: the presence of transparent laws 
and regulations regarding the sustainable use and protection of water resources; the adaptability of 
government programs in response to climate change; and the development of appropriate 
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infrastructure for managing water scarcity. The results further indicated that the t-values associated 
with economic, social, physical-infrastructural, and institutional-political factors all exceeded 1.96. 
This suggests that the relationships between the model’s exogenous and endogenous variables are 
statistically significant, and that the model demonstrates a relatively strong predictive capacity. 
Notably, the highest t-value estimated at 10.102 was observed in the structural path linking economic 
factors to resilience to water scarcity. Additionally, the Q² value was calculated to be 0.225, a positive 
figure exceeding the average, which indicates a moderate-to-strong predictive relevance of the model. 
This finding supports the overall adequacy of the model fit and confirms its capacity to explain and 
predict the variance in resilience outcomes. The coefficient of determination (R²) for the key 
endogenous constructs varied across the model. In line with commonly accepted benchmarks where R² 
values of 0.67, 0.33, and 0.19 are interpreted as strong, moderate, and weak, respectively this study 
found R² values exceeding 0.67, thereby reflecting a robust explanatory power of the model. 

CONCLUSION  

The statistical and qualitative findings of this study underscore the complexity and multidimensional 
nature of resilience to water scarcity, highlighting the need for a holistic and integrated approach. 
Achieving a desirable level of resilience cannot be accomplished through isolated efforts such as 
infrastructure development or economic empowerment alone. Rather, a coordinated strategy-
encompassing public participation, institutional engagement, equitable access to resources, and the 
incorporation of technological and educational initiatives is essential for building resilience to water 
scarcity in the central region of Ardabil. The results suggest that when participatory decision-making 
mechanisms, active local institutions, and effective awareness-raising systems are embedded within 
rural communities, those communities tend to demonstrate greater resilience in the face of water-
related crises. Therefore, the design of effective interventions in this area must adopt an integrated 
approach one that not only invests in physical infrastructure and economic support but also enhances 
water governance, raises public awareness, strengthens local engagement, and fosters institutional 
coherence. It is also important to note that the environmental factor's lack of statistical significance in 
the model does not imply its irrelevance. Instead, it should be interpreted as an indication of the 
insufficient attention paid to the potential of environmental assets in the current water crisis 
management framework. Accordingly, policymakers and planners should prioritize economic and 
institutional dimensions while simultaneously taking more proactive measures to enhance 
environmental capital. Based on the findings, it can be concluded that resilience to water crises 
encompasses the community's capacity to adapt to water scarcity conditions, recover from drought-
induced shocks and damages, and effectively manage available resources in a sustainable manner. 
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p- value T-value ����� ��J '# '�J  p- value  T-value ����� ��J '# '�J  

000/0 233/16 602/0 n12 

�*���  

000/0 199/14 574/0 e1 

"��[ES� 

000/0 466/12 570/0 n13 000/0 519/11 539/0 e10 

000/0 880/15 633/0 n2 000/0 661/14 601/0 e11 

000/0 250/16 613/0 n5 000/0 848/18 646/0 e2 

000/0 726/14 597/0 n7 000/0 662/22 677/0 e3 

000/0 377/9 467/0 n8 000/0 416/26 672/0 e4 

000/0 200/13 518/0 n9 000/0 992/15 609/0 e5 

000/0 558/20 665/0 n11 000/0 036/18 667/0 e6 

000/0 343/16 634/0 s1 

����ET�  

000/0 546/9 495/0 e7 

000/0 341/13 590/0 s10 000/0 121/14 599/0 e8 

000/0 734/8 504/0 s11 000/0 168/9 488/0 e9 

000/0 648/7 431/0 s12 000/0 833/8 501/0 f1 

"'�8�#- 

�E(�+�,O  

000/0 518/19 625/0 s2 000/0 122/12 540/0 f10 

000/0 775/16 628/0 s3 000/0 638/8 486/0 f2 

000/0 996/17 648/0 s4 000/0 975/11 591/0 f3 

000/0 129/17 634/0 s5 000/0 807/8 515/0 f4 
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000/0 073/20 670/0 s6 000/0 348/16 634/0 f5 

000/0 599/16 603/0 s7 000/0 848/20 703/0 f6 

000/0 101/11 526/0 s8 000/0 582/6 439/0 f7 

000/0 934/21 670/0 s9 000/0 742/6 455/0 f9 

000/0 213/11 559/0 w1 

I�>  "��H

 M# �J��J ��

�JH  

000/0 699/11 522/0 g1 

"��V4 - 

�+��+ 

000/0 214/16 605/0 w10 000/0 767/15 586/0 g10 

000/0 830/19 640/0 w11 000/0 503/13 588/0 g11 

000/0 313/23 674/0 w12 000/0 066/9 459/0 g2 

000/0 410/13 562/0 w13 000/0 080/22 712/0 g3 

000/0 884/12 562/0 w2 000/0 487/10 478/0 g4 

000/0 591/12 594/0 w3 000/0 055/26 697/0 g5 

000/0 263/9 527/0 w4 000/0 770/10 492/0 g6 

000/0 581/6 442/0 w5 000/0 466/9 454/0 g7 

000/0 560/7 498/0 w6 000/0 284/13 583/0 g8 

000/0 299/6 430/0 w7 000/0 966/21 701/0 g9 

000/0 967/5 407/0 w8 000/0 386/7 418/0 n1 
�*��� 

000/0 813/11 500/0 w9 000/0 825/20 698/0 n10 
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'T1�5: "��E(�+ 1'� DO��J 

��3�  ��3� ^,�Y  �> ����H ��'9� )T- value( 1��EU� ��'9� )P-value(  

 ����ET�← I�>�JH M# �J��J �� "��H 146/0 646/2 008/0 

S�E"��[← I�>�JH M# �J��J �� "��H  497/0 102/10 000/0 

 �*���← I�>�JH M# �J��J �� "��H  068/0 - 871/0 384/0/0 

"��V4 - �+��+← I�>�JH M# �J��J �� "��H  202/0 340/2 020/0 

"'�8�#- �EU�+�,O← I�>�JH M# �J��J �� "��H  244/0 674/6 000/0 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Drainage basins serve as key natural units in geomorphological, hydrological, and tectonic studies, 
preserving records of dynamic tectonic processes through topographic formation, drainage network 
patterns, lithological distribution, and erosional evolution. These units are influenced by a range of 
factors, including structural features, neotectonic activity, erosion, and sedimentation, with the 
interaction of these elements shaping distinct morphological patterns. Therefore, integrated approaches 
to studying such basins can provide deep insights into regional tectonic conditions. 

The Zanjan-Rud Basin, located in northwestern Iran, holds a strategically significant tectonic position 
at the junction of the Central Iranian structural block and the Alborz-Zagros zone. Throughout various 
geological periods, this region has been shaped by extensive tectonic processes that have led to the 
formation of structures such as the Zanjan-Abhar graben, compressional faults, and uplifted blocks 
(horsts) in both the northern and southern highlands. The presence of major faults, particularly the 
Northern Zanjan Fault and the Sultaneih Fault, plays a crucial role in defining the basin's topographic 
and structural characteristics. 

In recent years, there has been a growing interest in using morphotectonic indices to identify areas 
affected by recent tectonic activity. Commonly used indices include the stream length gradient index 
(SL), the valley floor width-to-height ratio (VF), the asymmetry factor (AF), and the topographic 
position index (TPI) — all of which provide quantitative tools for assessing tectonic influence. 
However, more recently, mathematical and geometric patterns found in nature — such as the 
Fibonacci golden ratios (0.236, 0.382, 0.5, 0.618, and 0.764) — have also gained attention in 
morphotectonic research. These ratios, derived from natural patterns observed in plant structures, 
animal forms, and even cosmic geometries, are increasingly being applied in geomorphological studies 
as powerful tools for identifying critical thresholds and abrupt changes in topography. 

 

DATA AND METHODOLOGY  

This study aims to assess the morphotectonic status of the Zanjan-Rud Basin in northwestern Iran and 
to identify zones potentially affected by neotectonic activity based on natural mathematical patterns — 
specifically, the Fibonacci golden ratios. Employing an integrative approach, the research utilizes 
spatial, lithological, structural, and topographic data within a morphotectonic analytical framework. 

Data collection and preprocessing, including the use of Digital Elevation Models (DEM), lithological 
maps, land-use maps, and structural/fault maps. 

1. Slope layer extraction from the DEM. 
2. Classification of slope values according to the Fibonacci golden ratios. 
3. Morphotectonic interpretation of high-slope zones. 
4. Spatial and structural analysis of selected sub-basins to identify factors influencing neotectonic 
development. 
All datasets were integrated and aligned within a Geographic Information System (GIS) environment. 
Structural and fault maps were updated based on the latest field and geophysical studies. Slope layers 
were extracted from the DEM and classified according to the Fibonacci ratios (0.236, 0.382, 0.5, 
0.618, 0.764, and 1). Areas with slopes exceeding 0.764 and 1 were identified and further analyzed in 
relation to structural positioning, lithology, and morphological evidence. Sub-basins such as 
Arpachay, Sarmsaghlu, Armaghan-Khaneh, and Sohrin were selected as representative samples 
exhibiting prominent slope anomalies and unique morphotectonic conditions. 

 

RESULTS AND DISCUSSION 

Analysis of the slope layer revealed that over 84.6% of the basin falls within the 7–23° slope range, 
indicating generally weak to moderate tectonic conditions. However, areas with slopes exceeding 76° 
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(Fibonacci threshold of 0.764) and beyond 76° (threshold of 1) were of particular significance. These 
regions are predominantly located in mountainous parts of the basin and exhibit intense erosion, 
sinuous river systems, and abrupt topographic transitions. 

These zones are largely aligned with the Sultaneih Fault and the Northern Zanjan Fault, where steep 
slopes, deep valleys, waterfalls, and sudden shifts in drainage networks suggest recent tectonic 
activity. Nevertheless, some of these features may also be attributed to Quaternary erosional processes 
and base-level adjustments. Such as andesites of the Karaj Formation and metamorphic-granitic rocks 
tend to preserve steeper gradients, thereby amplifying tectonic signatures in these areas (Tab. 1). 

Table 1: Descriptive Statistical Parameters of the Main Basin, Sub-basins, and Landform Types 
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Mean 0.148 0.373 0.329 0.212 0.214 0.276 0.083 0.077 0.068 
Standard Deviation 0.025 0.292 0.122 0.178 0.193 0.199 0.055 0.059 0.048 

Median 0.088 0.247 0.128 0.154 0.177 0.219 0.071 0.061 0.057 
Range of Variation 1.075 0.888 0.623 0.722 0.641 1.075 0.294 0.436 0.238 

The application of Fibonacci golden ratios enabled the identification of critical thresholds in 
topographic variation. This method demonstrated higher accuracy in delineating active tectonic zones 
compared to traditional morphometric techniques, offering a novel perspective in neotectonic 
assessment.  

 

CONCLUSION  

Due to its unique tectonic setting at the intersection of the Central Iranian structural block and the 
Alborz-Zagros belt, the Zanjan-Rud Basin has experienced extensive tectonic transformations 
throughout its geological history. The presence of major faults such as the Northern Zanjan Fault and 
the Sultaneih Fault, combined with lithological diversity and complex topography, positions the area 
as a focal point for morphotectonic investigations. 

Using Fibonacci golden ratios, this study analyzed the slope distribution pattern across the Zanjan-Rud 
Basin. Results indicate that more than 84.6% of the basin lies within the 7–23° slope range, reflecting 
generally weak to moderate tectonic conditions. However, areas with slopes exceeding 0.764 and 1 
(>76°) were identified as potential zones of neotectonic influence.  

These zones are primarily located along the Sultaneih and Northern Zanjan Faults. Their pronounced 
topographic anomalies — including deep valleys, waterfalls, and abrupt drainage changes — are 
indicative of recent tectonic uplift. Nonetheless, comparisons with prior studies reveal that some of 
these morphological features may also result from post-glacial erosion and base-level adjustments 
during the Quaternary period. 

Lithology significantly influences slope development. Resistant rock types such as andesite and 
granitic-gneissic units tend to maintain steeper gradients, thereby enhancing the visibility of tectonic 
effects. This highlights the importance of incorporating lithological controls in morphotectonic 
analyses. 

The application of Fibonacci golden ratios in this study successfully identified critical thresholds in 
topographic variation. As a natural mathematical tool, it offers a robust framework for detecting zones 
of abrupt topographic change and distinguishing between tectonically induced and erosionally driven 
landforms. The 0.764 ratio, interpreted as a turning point in slope behavior, proved particularly 
effective in identifying boundaries between tectonic and neotectonic domains. 
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Lake Urmia, the largest natural habitat of Artemia in Iran, is on the verge of 

extinction. About 125 years ago, British biologist Robert Günther named the Lake 

Urmia brine shrimp under the species Artemia urmiana. According to the latest 

checklist, there are 59 locations across Iran where Artemia has been scientifically 

recorded or reported. This study aims to review the ecological hazards of Artemia in 

Iran, with an emphasis on Lake Urmia brine shrimp. The research methodology is 

based on studies conducted by the authors of the article and searches in the most 

important search systems on the Internet. Based on the findings of this study, as the 

water level of Lake Urmia continued to decline over the past two decades, the egg 

density decreased from 339 eggs per liter in 1994 to less than 1 egg per liter between 

2007 and 2011 and 0.012 eggs per liter in October 2014, and no adult nauplii or 

Artemia were observed in the lake. Accordingly, in the latest Artemia checklist in 

2024, it was suggested that the species Artemia urmiana should be listed as a 

“Critically Endangered” species in the “Regional Red List” of Iran. The results of the 

study show that all natural Artemia habitats, especially Lake Urmia, are in critical 

ecological conditions. On the other hand, the lack of studies on hermaphrodite 

Artemia and the presence of the invasive Artemia Franciscana as a non-native 

species from North America in these habitats have complicated the data related to 

Artemia biodiversity in Iran. The lack of new data and the heterogeneity of the 

methodology for assessing Artemia populations, especially in Lake Urmia, have 

made accurate analysis of biodiversity data challenging. Overall, it is necessary to 

fundamentally revise the management of water resources in these habitats. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
The small crustacean brine shrimp of the genus Artemia Leach, 1819, are mainly adapted to live in 
highly saline environments, including saline or alkaline lakes, salt production ponds, coastal wetlands, 
and brackish river margins. Artemia has nine species with populations of endemic regional 
distribution, which is consistent with the principles of “island biogeography.” One species is found in 
the Mediterranean region, five in Asia, and three in the Americas. Artemia franciscana has been 
introduced to Africa, Australia, and Eurasia by human intervention through aquaculture and salt 
production activities. The genus Artemia also includes monogamous specimens distinguished by 
different ploidy levels (di-, tri, tetra, and penta-ploidy). Despite the economic importance of Artemia 
in aquaculture, which has stimulated laboratory research, its commercial value has limited field 
studies. This trend continues, and the contribution of field studies to the taxonomy, ecology, and 
biodiversity of this genus remains negligible. Given the pivotal role of Artemia as live food in 
aquaculture, it is essential to continuously and systematically assess its stocks and deepen our 
understanding of its species diversity. Here, we present a comprehensive review of historical 
documents dating back to the 10th century and contemporary scientific literature. 

 

DATA AND METHODOLOGY  

The findings indicate that Artemia has been recorded or reported in 59 locations (natural habitats and 
farms) across Iran, where Artemia has been recorded or reported (Fig. 1). This represents a significant 
increase from the 23 locations reported in the last checklist in 2016. 

 
Figure 1: Number of recorded Artemia habitats in Iran based on global and regional checklists 
(Global checklists: Abouni, 1915; Artum, 1922; Stella, 1933; Persone and Sorgelos, 1980; Brown and McDonald, 1982; 
Vanhake et al., 1987; Triantaphylidis et al., 1998; Van Stoppen, 2002)(Regional checklists: Nouri, 1995; Agh et al., 2001; 
Hafezieh, 2003; Jafari and Vatandoost 2005, Abatzopoulos et al., 2006; Jafari and Astani, 2011; Hafezieh et al., 2015; Agh, 
2016; Asem et al., 2024) 
 

Lake Urmia Habitat of Artemia urmiana 
Lake Urmia is the largest natural habitat of Artemia urmiana, known as the only native bisexual 
species of Artemia in Iran. Over the past 20 years, Lake Urmia has experienced a significant decline in 
water level, primarily attributed to a combination of environmental disturbances and human activities. 
The Iranian geographer Abu Ishaq Estakhri recorded the first scientific record of Artemia from the 
lake between 930 and 933. About a thousand years later, the British biologist Robert Gunter named the 
Artemia species of Lake Urmia Artemia urmiana. However, as the water level continued to decline 
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and Lake Urmia dried up over the past two decades, Artemia stocks have also declined. The egg 
density has dropped from 339 eggs per liter in 1995 to less than 1 egg per liter between 2008 and 
2012, and 0.012 eggs per liter in September 2024, and no adult Neapolitan or Artemia species have 
been observed in the lake since. According to the latest NASA image taken on September 16, 2025, 
Lake Urmia (Fig. 2), once the largest inland lake in Iran and the 20th largest lake in the world, has 
completely dried up. Accordingly, in the latest Artemia checklist in 2024, it was suggested that 
Artemia urmiana should be listed as a “Critically Endangered” species on the “Regional Red List” of 
Iran. Given the environmental hazards and successive droughts that threaten Artemia habitats 
worldwide, as well as the small number of Artemia species, the importance of this study becomes even 
more apparent. 

 
Figure 2: NASA image of Lake Urmia on September 7, 2025. 

 

RESULTS AND DISCUSSION 

Asexual forms of Artemia cannot be classified as members of a single taxon. Eimanifer et al. (2014) 
cautiously used the term “Eurasian haplotype complex” for this group of species. The title 
“parthenogenetic Artemia lineages” was proposed for those groups of Artemia that reproduce 
exclusively by asexual means. 

 

Invasive Artemia franciscana 
The introduction and proliferation of the non-native species Artemia franciscana on all continents 
since the late 1970s has posed a significant threat to native species. The first report of the presence of 
the non-native species Artemia franciscana in Iran was in 2006 from Lake Noq. In the latest checklist 
in 2024, the presence of Artemia franciscana was reported in 12 habitats, three of which include the 
natural lakes of Maharloo, Tashk, and Bakhtegan, which are the natural habitats of Artemia. The 
significant increase in habitats occupied by this non-native species over the past 20 years is a serious 
threat to the biodiversity of natural habitats in Iran. Therefore, continuous monitoring of Artemia 
habitats should be included in conservation management strategies, and at the same time, the 
development of the aquaculture industry and the preservation of native Artemia biodiversity should be 
prioritized. 

Human encroachment and occupation have led to the destruction of Artemia habitats in many parts of 
the country. In addition, climate change has caused Lake Bazengan in North Khorasan Province to 
transform from a brackish to a hypersaline environment, which now hosts Artemia. The origin of 
Artemia in Lake Bazengan is still unknown; however, owing to the lack of human intervention in 
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introducing Artemia to the lake, the presence of parthenogenetic Artemia seems more likely to have 
been introduced by migratory waterfowl or wind from nearby areas. The high competitiveness of 
Artemia franciscana has caused it to outcompete native Artemia species in the habitats it occupies and 
become the dominant species in these habitats. Preliminary studies indicate that native parthenogenetic 
Artemia lineages in Iran have a higher production potential than native Artemia urmiana and non-
native Artemia franciscana. Considering these findings, priority should be given to using native 
parthenogenetic Artemia in aquaculture to preserve Artemia biodiversity. 

 

CONCLUSION  

The lack of new biodiversity data and the methodological heterogeneity of Artemia population 
assessments conducted to date in natural habitats, especially in Lake Urmia, have made biodiversity 
data analysis challenging. Therefore, it is essential to adopt a specific protocol in accordance with 
standard methods for the continuous data collection and analysis. 
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Land subsidence is a geomorphological and environmental phenomenon with 

significant economic and social consequences, driven by both natural and 

anthropogenic factors such as excessive groundwater extraction and seismic activity. 

The Salmas Plain in northwestern Iran, characterized by severe groundwater-level 

decline and its location within a seismically active zone, is considered a critical area 

affected by land subsidence. In this study, Sentinel-1 satellite data and Synthetic 

Aperture Radar Interferometry (InSAR) techniques were employed to investigate 

ground surface deformation over the period 2021–2024. Geological, hydrological, 

and soil datasets were integrated with a Digital Elevation Model (DEM), slope and 

aspect maps, land-use information, and seismic records to identify and analyze the 

main controlling factors of subsidence. The results indicate that subsidence rates 

generally reach their maximum during periods of intensive groundwater extraction 

and decrease during the cold season, highlighting the dominant role of human 

activities in surface deformation. However, the Khoy earthquake of 28 January 2023 

(8 Bahman 1401), despite occurring in the cold season, resulted in a nearly threefold 

increase in subsidence rates, demonstrating the direct impact of seismic loading on 

both surficial and subsurface sediments. Low-slope areas underlain by fine-grained 

and highly compressible deposits were identified as the most vulnerable zones, while 

slope orientation and active faults significantly influenced the spatial distribution of 

subsidence. These findings emphasize that in seismically active regions, land 

subsidence rates may increase abruptly following seismic events, posing serious 

risks to infrastructure, and therefore, continuous groundwater monitoring, controlled 

extraction, and the integration of InSAR observations with hydrogeological 

modeling are essential for identifying vulnerable areas and mitigating subsidence-

related hazards. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Land subsidence is a critical geomorphological and environmental phenomenon that may occur 
gradually or suddenly, causing a significant lowering of the Earth's surface. It results primarily from 
compaction of subsurface layers and the extraction of fluids from voids. Human activities, such as 
excessive groundwater withdrawal, intensive agriculture, and land use change, often exacerbate 
natural geological processes, while tectonic and seismic activities can induce abrupt subsidence 
events. In areas with active faults and high seismicity, earthquakes can rapidly alter subsurface stress 
regimes, trigger soil compaction, and induce vertical displacement, significantly increasing the risk to 
infrastructure and human settlements. 

The Salmas Plain, located in northwestern Iran, represents a highly vulnerable region where 
anthropogenic groundwater exploitation combines with active tectonics to create complex subsidence 
patterns. The plain exhibits widespread alluvial deposits, low-relief terrain, and extensive agricultural 
activity, making it susceptible to both seasonal and sudden changes in surface elevation. Before the 28 
January 2023 earthquake in Khoy, seasonal groundwater extraction had already caused measurable 
subsidence across the plain, with average annual rates approaching several centimeters. The 
occurrence of the earthquake provided a unique opportunity to evaluate the interplay between human-
induced and seismic-driven deformation, allowing for a comprehensive assessment of subsidence 
dynamics over four years from 2021 to 2024. 

This study employs Synthetic Aperture Radar Interferometry (InSAR) using Sentinel-1 satellite 
imagery to quantify and map land subsidence. The method provides millimeter-scale measurements 
over wide areas, independent of weather conditions, and is particularly suitable for monitoring both 
slow and rapid surface deformations. By integrating geological, hydrogeological, soil, topographic, 
and land use data with InSAR results, this study identifies controlling factors, evaluates spatial and 
temporal patterns of subsidence, and assesses the direct impacts of the 28 January 2023 Khoy 
earthquake on the Salmas Plain. 

 

DATA AND METHODOLOGY  

The study area extends from the east toward the Iran–Turkey border in the west. The central and 
eastern parts of the plain are relatively flat and intensively cultivated, whereas the western sectors are 
characterized by mountainous terrain. The geological units of the area include metamorphic rocks, 
Quaternary alluvial and terrace deposits, evaporitic formations along the lake margins, travertine 
layers, and volcanic deposits. These units were classified based on their susceptibility to compaction 
and land subsidence. 

Topographic data were derived from a digital elevation model (DEM) with a spatial resolution of 
13.9 m, obtained from Sentinel-1 imagery. Slope maps were classified into four categories (0–5°, 5–
15°, 15–30°, >30°) to identify low-gradient areas prone to subsidence. Aspect maps were generated to 
examine the influence of slope orientation on subsidence distribution. Soil data, including depth, 
texture, permeability, and compressibility, were compiled, identifying Lithosols, Haplic Xerosols, and 
Calcaric Regosols as the main soil classes. Land use data were extracted from high-resolution maps 
and categorized into agriculture, wetland, urban, and other types. 

Groundwater information was obtained from 41 piezometer wells covering 2019–2024. Water table 
levels were interpolated in GIS to produce spatially continuous maps for analysis. Earthquake data and 
fault maps were integrated to assess tectonic influences and to derive a seismic hazard index. 

Sentinel-1 SLC images with VV polarization were selected to minimize atmospheric noise and ensure 
high coherence. Images were co-registered, interferograms were formed, and phase unwrapping was 
performed to convert phase changes into vertical displacement along the satellite line-of-sight. 
Multilooking and Goldstein filtering reduced noise, and terrain correction aligned results with 
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geographic coordinates. Processing emphasized dry-season image pairs to focus on human-induced 
subsidence while capturing earthquake effects. 

 

RESULTS AND DISCUSSION 

InSAR analysis reveals a strong seasonal pattern of subsidence modulated by human activity and 
amplified by the 2023 earthquake. 

Annual and seasonal observations indicate that: 

* 2021–2022: Average subsidence ranged from 4.6 to 5.2 cm/year, with the highest rates in southern 
and southeastern alluvial zones. 
* Pre-earthquake 2023: Rates declined to 1.5 cm/year due to winter aquifer recharge and reduced 
water extraction. 
* Post-earthquake 2023: Abrupt increase to 14.7 cm/year highlights the direct impact of seismic 
energy on both surface and subsurface sediments. 
* 2024: Rates slightly decreased to 12.5 cm/year but remained significantly elevated, particularly in 
low-gradient, fine-grained areas. 

 
Table 1. Changes in Maximum Subsidence Rate over the Studied Years in the Study Area 

Year Maximum Subsidence Rate (cm/year) Key Observations and Notes 

2021 5.2 
Relatively high and stable 

subsidence 
2022 4.6 Slight decrease, but still high 

2023 (pre-earthquake) 1.5 Significant reduction 

2023 (post-earthquake) 14.7 
Sharp increase due to the direct 
impact of the earthquake on the 

ground structure 

2024 12.5 
Relative decrease compared to the 
previous year, but still critical with 

more widespread subsidence 
 

Spatial analysis demonstrates that geology and lithology strongly influence subsidence intensity. Fine-
grained, compressible alluvial and terrace deposits exhibited the largest vertical displacements, while 
bedrock units had minor direct subsidence but influenced the distribution patterns. Hydrogeological 
factors, particularly the depth and decline of groundwater, were critical in controlling compaction 
rates. Land use and drainage conditions further modulated subsidence, with irrigated agricultural areas 
and wetlands showing heightened vulnerability. 

Seismic effects were clearly evident: even during periods of reduced groundwater extraction in winter, 
the earthquake triggered rapid and extensive subsidence. Topography also affected the patterns, as 
low-gradient areas concentrated subsidence, while steeper slopes experienced less vertical 
displacement. Fault lines and structural trends guided the spatial distribution of subsidence, 
emphasizing the interplay between tectonics and anthropogenic stressors. 

The combined influence of these factors produces complex temporal and spatial variations, where 
human activity sets the baseline susceptibility and seismic events act as accelerators of sudden 
deformation. These findings underscore the necessity for continuous monitoring, groundwater 
management, and the integration of geospatial and hydrogeological data to mitigate subsidence risks in 
seismic plains. 

 

CONCLUSION  

Between 2021 and 2024, the Salmas Plain experienced substantial variations in subsidence rates due to 
a combination of anthropogenic, natural, and seismic factors. InSAR measurements provided high-
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resolution mapping of vulnerable zones, revealing that low-gradient, fine-grained sediments are 
particularly sensitive. The 28 January 2023 Khoy earthquake caused sudden and severe subsidence, 
demonstrating the rapid response of susceptible deposits to seismic energy. Sustainable management 
of groundwater, regular monitoring, and identification of high-risk areas are essential to mitigate 
subsidence hazards. Integrating InSAR with hydrogeological models and GPS data can enhance 
predictive capabilities and support resilient land and water management strategies. 
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1 Range-Doppler Terrain Correction   
2 VV 
3 HH 
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Sustainable management of water resources and coastal zones under intensifying 
climate change, population growth, and increasing developmental pressures requires 
the establishment of integrated and adaptive governance systems capable of 
simultaneously managing the interactions among hydrological, ecological, social, 
and institutional dimensions. This study aims to comparatively analyze integrated 
water–coastal governance models in three leading countries: Australia, the 
Netherlands, and Singapore. The research adopts a qualitative approach based on 
comparative policy and document analysis. Data were collected from peer-reviewed 
scientific publications, national policy documents, reports of international 
organizations, and official water governance sources, and were examined through 
comparative analysis and data triangulation. The findings reveal that Australia, 
through basin-oriented governance, participatory mechanisms, and adaptive 
management; the Netherlands, through multi-level governance, spatial planning, and 
nature-based solutions; and Singapore, through institutional integration, 
technological innovation, and full-cycle water management, have developed distinct 
pathways for enhancing socio-ecological resilience and achieving integrated water 
and coastal governance. The results further indicate that the effectiveness of 
governance arrangements is closely associated with the nature of dominant risks. 
Rapid-onset hazards, such as flooding and sea-level rise, require more centralized 
coordination mechanisms, whereas slow-onset challenges, including chronic water 
scarcity, demand participatory, learning-oriented, and adaptive governance 
approaches. Overall, the synergy among institutional structures, policy instruments, 
technological innovations, and stakeholder participation emerges as a critical factor 
in achieving sustainable water–coastal governance and strengthening socio-
ecological resilience. The findings provide valuable insights for the design and 
contextual adaptation of integrated water and coastal governance frameworks in 
maritime countries, particularly Iran. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
In recent decades, water has been recognized as a core component of socio-ecological systems that 
support food security, public health, economic development, and environmental resilience. However, 
climate change, population growth, and increasing extreme events have significantly challenged the 
effectiveness of traditional, sectoral, and engineering-based water management approaches, which fail 
to capture the complex interactions among hydrological, institutional, and social systems (Everard, 
2019; Morante et al., 2025). As a result, the concept of water governance has emerged, shifting the 
focus from resource control to decision-making processes, institutional coordination, and stakeholder 
participation (Montenegro & Hack, 2020). In parallel, fragmentation among institutions has been 

identified as a key barrier to effective governance, reducing system-wide resilience (Pahl-Wostl et al., 
2023). To address this, hybrid governance approaches combining hierarchical, market-based, and 
network mechanisms have been proposed to enhance adaptability under uncertainty (Pahl-Wostl, 
2021; Djalante et al., 2011). These challenges are more pronounced in maritime countries, where 
inland water systems and coastal zones are closely interlinked but often managed separately, leading 
to inefficiencies and reduced socio-ecological resilience. Despite growing attention to integrated water 

resources management and coastal governance, limited research has examined their combined 
institutional integration in a comparative framework. Accordingly, this study analyzes the experiences 
of Australia, the Netherlands, and Singapore to identify key institutional and policy mechanisms that 
enable integrated water–coastal governance and enhance socio-ecological resilience. 

 

DATA AND METHODOLOGY  

This study adopts an applied, qualitative, and descriptive–analytical research design based on 
comparative policy analysis. Data were collected through systematic document analysis of peer-
reviewed journal articles, national policy documents, official reports, and publications from 
international organizations, including UN-Water and OECD. Sources published between 2010 and 
2025 were prioritized to ensure scientific relevance and policy currency. Case selection followed a 
purposive theoretical sampling strategy. Australia, the Netherlands, and Singapore were selected due 
to their internationally recognized leadership in water and coastal governance, diversity of institutional 
arrangements (federal, network-based, and centralized systems), and availability of reliable policy 
documentation. Data analysis was organized around four analytical dimensions: governance structures 
and institutional arrangements, policy instruments and regulatory frameworks, stakeholder 
participation mechanisms, and technological and institutional innovations. To enhance analytical rigor, 
a data triangulation strategy was employed by cross-validating findings across scientific literature, 
national policy documents, and international reports. Comparative analysis focused on identifying 
convergent and divergent governance patterns, adaptive governance mechanisms, and transferable 
policy lessons relevant to strengthening integrated water–coastal governance and socio-ecological 
resilience in maritime countries, particularly Iran. 

 

RESULTS AND DISCUSSION 

Findings indicate that water–coastal governance cannot be understood solely through sectoral water 
management approaches, but must be framed within socio-ecological systems where institutional 
structures, territorial development patterns, and climatic uncertainties jointly shape governance 
outcomes. Comparative analysis shows that Australia, the Netherlands, and Singapore have each 
developed distinct but converging governance trajectories toward integrated and adaptive water–
coastal management. Australia’s governance model is primarily characterized by basin-scale, adaptive, 

and market-oriented water allocation systems, where participatory mechanisms and demand 
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management play a central role in addressing structural water scarcity (Alexandra, 2018; Pahl-Wostl, 
2021). In contrast, the Netherlands has developed a multi-level governance system based on long-term 
spatial planning and nature-based solutions, enabling integration between river basin management and 
coastal flood risk reduction (de Bruin, 2024; Heel, 2025). Singapore represents a highly centralized 
and technology-driven system in which water supply, urban development, and coastal infrastructure 
are fully integrated through engineered and closed-loop water systems (Cui et al., 2021; Usher, 2024). 
Despite these differences, all three cases demonstrate that institutional coordination and policy 
integration are more decisive for resilience than natural water endowment. The interaction between 
governance structure and dominant hazard type further shapes institutional design: decentralized and 
participatory systems are more effective under chronic scarcity conditions, while centralized and 
coordinated systems are better suited for acute flood and sea-level rise risks. Overall, the findings 
highlight the emergence of hybrid governance arrangements combining hierarchical, market-based, 
and networked instruments as the most effective approach for managing complex water–coastal socio-
ecological systems (Pahl-Wostl, 2021; Djalante et al., 2011). 

 

CONCLUSION  

This study confirms that successful water–coastal governance requires a multi-level, adaptive 
approach combining institutional capacity, policy integration, stakeholder engagement, and 
technological innovation. Australia, the Netherlands, and Singapore exemplify distinct yet convergent 
pathways to enhance socio-ecological resilience. The proposed conceptual framework provides 
actionable insights for maritime countries seeking to integrate inland and coastal governance, 
strengthen resilience, and support sustainable policy implementation under changing climatic and 
socio-economic conditions. 
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1. Desalination and Water Reuse System(NEWater) 
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