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This study examines the changes in the area and water quality of both permanent 
and seasonal wetlands over 34 years, highlighting their sensitivity to climate change 
and human activities. Wetlands, vital for regulating the water cycle and supporting 
biodiversity, have seen a significant decline in area and water quality in recent 
decades. Satellite images from Landsat 5, 7, and Sentinel-2, with high spatial 
resolution, were used to generate land use maps, processed with ArcGIS Pro and 
ENVI software. The analysis utilized advanced techniques such as SVM, Markov, 
and CA-Markov models. Water quality data from 2021 to 2024 in permanent 
wetlands were analyzed, focusing on parameters such as TSS, NO₃, PO₄²⁻, pH, 
TDS, COD, BOD₅, and EC. The results indicate a notable increase in water bodies 
and orchards, expanding from 348.77 km2 in 1990 to 634.20 km2 in 2024, with a 
predicted rise to 722.90 km2 by 2030. Conversely, rangelands decreased from 
1,498.13 km² in 1990 to 1,037.06 km² in 2024, and are expected to further decrease 
to 938.30 km² by 2030. Rainfed lands remained relatively stable, while seasonal 
wetlands exhibited more fluctuations than permanent ones. The study also revealed 
that seasonal wetlands like Yadegarlu and Taleghan experienced significant 
reductions during dry years, whereas permanent wetlands such as Agh-Gol and 
Dargeh-Sangi showed greater stability. These findings underscore the importance of 
effective water resource management and planning, particularly during drought 
periods, to ensure the protection and sustainability of wetlands. 
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EXTENDED ABSTRACT 
 

Introduction: Wetlands, recognized as one of the most essential ecosystems, play a crucial role in maintaining 

the water cycle, preserving biodiversity, and delivering vital ecosystem services. Despite their importance, 

wetlands are highly sensitive to environmental changes, particularly climate change and increasing human 

activities. Over the past few decades, these ecosystems have faced considerable reductions in their surface area 

and alterations in water quality. This research investigates both permanent and seasonal wetlands, analyzing 

their changes in size and water quality over a 34-year period. The study highlights how seasonal wetlands are 

especially vulnerable, frequently experiencing declines in area and water quality due to dry conditions, while 

permanent wetlands have shown greater resilience. These findings underscore the need for effective wetland 

management strategies to mitigate the impacts of climate change and human activities on these crucial 

ecosystems. Ensuring the long-term sustainability of wetlands is critical for the preservation of biodiversity and 

the provision of clean water. 
Methodology: To generate accurate land use maps, high-resolution satellite imagery from Landsat 5, Landsat 7, 

and Sentinel-2 (with 30- and 10-m resolutions, respectively) was employed. The preprocessing of these satellite 

images was meticulously carried out using ArcGIS Pro and ENVI software to ensure optimal precision and data 

quality. Advanced analytical methods, including Support Vector Machine (SVM), Markov models, and CA-

Markov models, were applied for detailed analysis. Furthermore, water quality data from permanent wetlands, 

encompassing parameters such as Total Suspended Solids (TSS), nitrate (NO₃), phosphate (PO₃²⁻ ), pH, Total 

Dissolved Solids (TDS), Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD₃), and 

Electrical Conductivity (EC), were comprehensively examined over the period from 2021 to 2024. This robust 

methodological approach ensures a thorough understanding of both land use dynamics and water quality trends 

in the region. 

Results and Discussion: The findings revealed a significant expansion in the area of water bodies and orchards, 

which increased from 348.77 km2 in 1990 to 634.20 km2 by 2024. This upward trend is expected to continue, 

reaching 722.90 km2 by 2030. In contrast, rangelands have shown a consistent decline, shrinking from 1498.13 

km2 in 1990 to 1037.06 km2 in 2024, with projections indicating a further reduction to 938.30 km2 by 2030. 

Additionally, while rainfed lands have maintained relative stability over time, seasonal wetlands have exhibited 

greater variability compared to the more stable permanent wetlands. This indicates differing responses to 

environmental and climatic factors between these wetland types.  

Conclusion: This research delves into the variations in both water quality and the surface area of four 

significant wetlands within the Godarchay watershed, focusing on the seasonal wetlands of Yadegarlu and 

Taleghan, as well as the permanent wetlands of Aq-Qaleh and Dargah-Sangi. The findings indicate that seasonal 

wetlands are highly susceptible to climatic variations and human activities, leading to considerable decreases in 

both surface area and water quality, particularly during dry periods. On the other hand, the permanent wetlands 

demonstrated a greater degree of stability, showcasing their resilience to climatic fluctuations. From 1990 to 

2024, these wetlands underwent substantial changes in their surface areas, driven by environmental factors and 

resource management practices. Furthermore, water quality showed noticeable improvements in BOD₃ and 

COD levels, indicating reduced pollution, although rising EC levels point to the need for better management 
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strategies. Effective management of water resources remains essential for safeguarding these wetlands, ensuring 

their ecological sustainability, and mitigating the impacts of climate change and human pressures. 
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�7	3	� 893 ��� 0��� �	;�� #A��3� ������,� �� .�+ 	���� Ali baig et al., (2017) NI3 	��M �	S3"� �����	���  ���� �� <��L
�7	3	�� L	F���� ���� � � !��7"{�� 	�L� ��"��P	  ��	� �� #�2006  	32016M�	O 6�	� ��Q�3� � �� kR� ��"+ �7	3 ���� |� 	�

� .<��"+ N���i #� 6�	�� >�23 !�F��:�� NO��,� <B���� �	�� ��6��B ���� <?;� �� =�	�� �� D. Akumu et al., (2018)  ��
�":7	 �7	3 ��I��	�� ;�3�1 �	S3 �� ��	0��� 	� ��"� L <��8 	���V�� �� GIS #C?@��� �� � ����"��P	 �C3 #�" x	? 10  �� j��

�7	3	�� �"+ #� #CR��L��M L	AP�<	�� �	;��� E��� ���	
� #A��3� �	���B �� � ��V 23��:�� 	���"� #�P�� ���O �R1 }�A� �� �� .��
�P�"	C� ���Q� ) Phethi & Gumbo, (2019���� 	�� �	S3"� ���	����� �7	3� #� 	�"+ ���#  ���� ���	
� #A��3 #�� >���3"+ 

�e3 M�	i"a �7	3	�� .<�� ���� 	�"Z CI3�:	C !� ���� �� #� ��� !	
� 	�26  �� #L	�1978  	32004M�	O 6e� ��Q�3� 5��� ��� 
�7	3� �� #��+	�� ���	
�� ?3"M F �� .<�� �B��+ Qu et al., (2023) 	0��� 	����	� X� �� ��Y893 ��� ���	�� ���+ � �"�"< 

	("�� �7	3� G��3 �� 	�"�;� �7	3	��  �	� <B��( �� ~�	�6���� � .����"+ CI3�K  X	� �� #� ��� !	
�2010  	32015 G��3 �
�"�;� �7	3#� 	� 6�	� :B"#�P	 � Ui :��j �� � <��"�"< Ij��k �"+  X	� 	3 6�	�2030  #���� �� .<B�� ���1

!	�;�	(Korkanç et al., (2024)  �	S3 �� ��	0��� 	�"� <��L3 ��$L� �">�	�� "��	��� B	���+ 23��:�� ���	�� ���+  ��1990  	3
2020 ���� ��� ������	�� ."Z � !	
���� �� <D	;� #��+	�� #�1	��VP� �B"6 �� <D	;� ��+	�� 	�"� �7	3 � 6�	� 	�"#�P	 
 .<��6���3 ���+	� ���� <1	�L	B � �	���	���V� � ��	0��� Z������B.  

�� �"!�� ��V ) ��0AQ � <�����1389( ��3 �� ��	0��� 	��T	�� ��� #� ��� �� 6 ��"�	� 23 �����:�� LV�� �7	3� �1���(� 	�� �"Z  !	
�
� #� ���"+ �� ���� �� �7	3 � �B <D	;� 6�	� �	F� #L	�>�+��F w23"#����" �VP� �"6 ���	�� 5���� <�� �B ��	
� !� �� 

Abyat et al., (2021)  
��'( ���  !���i 	�"����� ��!�V 23��:�� 	�	e?��1 B	�� EAL���� �7	3 ���>" �	S3 �� ��	0��� 	�"�  <��L
5  �8 #C?@ W�� ���� :�	E�B	� �B�+ �
( ������!	?(SVM) � NI3 #��M 23���:� EAL���� �7	3�>  ���� ��20 ) #L	�1997  	32017 (

#�1���(	�� .��"Z �"+ CI3�K �7	3 #� ��� !	
�>
F 6�	� 	�	e?� � 	����� #�B��L	D�� ����#� #z5�D	�� �,�� �� ��+	�� 
���	
�� �VP� �B	��"6 "#�P	����$L� <O� .">� SVM �S3 �� �� ��"�� #�3�3�a �5 	�"a (	� 	79/0  �74/0!	
� � <O� ����

M�	O� X�?O"+ ��� W��� #C?@��� �7	3<�� ���� 	�. ���,B	�� ) !��	�,� �1396��� #� (��	" ���L�� �:���� � �7	3 :	0;P �#L	��	� 
 X� �� ��	0��� 	�WASP #�1���(� .��+" ���� Y� 	� #AL	R�� ( �6����� <EN[	�� �:���� 	3 �� :	0;P �� �7#L	��	� ?B �#���	� 

A5�<� !�@ �� 	�� T" �	�� �����  U	 �� re
�B� �7	3 .#L	��	�  #�76 HVQ 	� 6e�:	� ��L�P�����" I� ��R� ;C3>�  � �B
	������	( #�	�	� <EN[� �:����  �� :	0;P �6 ��	$�;" @ �7	3 �� pN�e�� 8 #��,� ���������� )98-1397.<�� �B X� ���� ( 	��Z" 

��� !	
� � <EN[:���� � #,� ���	$�;"	�  ���O �	 � ���I� �������	,3 �� �	 � D �� :	0;P <EN[ 	�� �� ��	$�;"	� 6���3  #� ���
!	
����� � 6�	�<�0�  .<�� �7	3 ��) !��	�,� � 	��	(1400�( #AL	R� ���� �"��$ �	S3 �� ��	0��� 	�"�  <��L8 23��:�� ���	
�� 

� ���	�� 5���� ��O �7	3 ��	� �� �� `l
O15 ) #L	�2001  	32015���� (� ����	�� .��"Z ���	
� #A��3 #� ��� !	
�� � ��"+  ��	�
�	��� >
F 6�	� #� � ����� kR� ��� � U�VL �� � <�� �B �7	3"�"< ��NQ ���� � #A��3 �����"# ���	
�� � ��"+ �93 #CR��� 

<�� �B. Qin et al., (2023) ��V � X	,B ��"!�� ���� #�� 23��:�� ���	�� ���+ 893 ��� �7	3 �� !�	�� Q���M�  ��7� � M�	,L�
 .��1���("#�P		�� !�;� #� ��� !	
� 	�<D	 �"+ �7	3@ 	�� 1� #�� #��� #�M�	O ��@�Q�3�  6�	�"#�P	 X� �� ��	0��� 	� .<��L-

THIA �� !	CCI� �"��P	 23 #���:�� ���	�� ����+ ���	
� #A��3 ��	�� ���;� ��� #�C�;� ��@�> �7	3 �� > D ��893 	���  #�B�w�
<�� �B !� 6�	� oi	� �. Bagheri and Rostami, (2024) 	���3�" �� ��	�� @����0� @�F ��0� e
3 ���r �"�'�	�� 

���� �� !	��	B �7	3� ������	�� ."Z � !	
���� W�� #�	�� B	��+ �
( ������!	? ?Si #�?B �� 7	� <O� 	�� 85 ���� j��"+ 
� ���� �� ���N,i Hyperion  <O� 	�73/95 ���� j��"+ 	���3�" �03 �� ���T �	����	� �	S3 .����"� Hyperion 	C� ��"#; 	� ALI � 

ETM+  HVQ�:	 @�0� 6���3� � #H������� �03 �� ��T � 6B�(��	� B	D�# �� �� �7	3�+	�� ���	
�� ��� � M,i ��������. 

�	�0j� !��1	P � glP� )1402��� #� (��	" �<�0� � �7	3 ��+��NN,L� LV��� #�1���(� �� .��+" CI3�K� �<�0�  �� ��	0��� 	� �7	3 ��
����	�� #��,������� NSP�  X	� ��1393 r1	B �	�� ��0� NSFWQIa �NSFWQIm  �OWQI ���� �����  .<�� #�P�� ���O
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	��Z" !	
�A5� ����<� � ��NR�	�<�0�  � ��� �7	3 ��6���3 ��	$�;"	� #C?@ ����� ��J�� ;� 	3�	� 	�� .��P�� ���O �Z" >�+��F 
!	
�$�;?,� ����� �A����� �+� 1���  ��	� 	������	( ��BOD5	�� �:	0;P �� ;�� � ��!'�  X�NI�r1	B 	�	�� ��0� .���  
CI3�K ���� #� �5	D� 23��:�� �7	323 �8� �� 	���� ���	�� 5����  ��V�e�� ���D 	F���� �������( #� #�L��M ,���< ��L���"��  �

�	S�O�� �"+ �����>�;�	� "T Q :���5� #�� �	,B��"�VP� #� #Q�3 	� ."6 	��	
P� B	�� L	AP ���<	�� �	;���� #��"�'  #A��3
���	
�� B �
������� �7	3Q �R1 }�A� �� 	�� � � ���� ���O"+ 23��:�� �����3 893�:�� 0��� � G��3 ��"�;� � ��0�< �� =�	��� 

CI3 �� .B	� #�B�� #CR���K �	S3 �� �5	D"� �����	��� �03 :�O 	��T W�� � 7	�	�� (�#�P�
 NI3�M ������� 	�0�	� 23 	3 B��:�� 
���	�� 5���� 893 ��A5� �� !� :���< �7	3#� 	���� <O�"�	� P�@ �� .��B�� 	��"Z �"+ CI3�K �����3 � #�"�"< 	("�� �� ��#�  =�	��

��� �,B��� :	il@� � �� T,�� ��� ��� ,S3�>����	�� �"�"�� .���� >���P  
  

P�8�� A   +
��  

6Q7�N� + �� 68N0� 

��D� �e�V� � +���� ��	F����V��D��� �e"�� �� �( �!��"� �� #����� #F	"�� V�#�#��,�� � ����D +"� .<�� ����� V44�e�� }�i �� �	44�
 �L	,B'45°36 	3 '10°37 � X�@�	� �O�B '42°44 	3 '41°45 ���O ���� � ��D	;� ��D 2090 �� =�������N�� 6B�( ���� .#44�	1��� 

�	F��� #�(T�Q �� ����	� #"��B� #,
F�� ������ � �( �� ��?i �� #CR�� !���B	Q ���� <B� ��L�� ����B .+44"� #44�	1��� �44( �� 
#"w23 ���	� ������"� � ��	��� +����	� �����	
� 	����"< �( �� �@ ��P	;� ��D 100 ����N�� �� �	���� ��,� #� #F	"�� #44����� 

���V"�.  ����� �	F��� #�	1���12 >�� #� <�� �������� �	$�;"�!� +"�3�	$�;"� 	��( �	�M( �#ANO#�( ��	44Q) �44N����� M44( � T44�Q
 !Ve� > D 	� �N�;D � 	�� �<�� �
� ��D� #�	1��� +"� ��� �� �� !���	3 .��;� (����96  ��44;� �� ��	441 #44� aA����� !��N��

���� #�	1��� +"� �� �� ����� ���O #�	1��� +"���� �������. ��'"� �E� ���D ����P����"V�P �	�� � V�e�� M�	B �	F���11  ��	� D��
�44( �#"��44B� �!	�P�j ��	����F �T�Q #�( ��	�� "V"	� ��zL	� ��C� ��N0� �	B,I� ����� �N����� M( :�� �3�	?i #� <�� M44( .����� � #44ANO

 <D	;� 	� �����N�����84/2029 �V� =�������N��� <D	;� 	� !	�P�j � +"�316/12 T44F�� =�������N��� +"�3 +44"� ��	44� 44D� ���44D
V�e�� �D +"� .��;�� � V�e�� �i	03�� ���I� ��1268  	33475 ���� ���O 	"�� kR� �� ���  �!��	�,� � ����"�)1403.(  �"	�P��2Q <�AO��

V�e�� ���D �B �� ���[ !	 "	��f� !	��� � !��"� �� �	F��� M1 <�� �B ���� !	
�. 

 

  
 �;R1- �� #'��?
��2 ��QS����� ����� 
!" ��- 6�� 
 6��' + 

Figure 1- Geographical location of the Godarchay Basin- Urmia Lake 
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6,���*��� @�� M�N*�� %
 �� )��	,B 1�  NQ13 �1404( 74 

 

P�8�� A   

 +"� ��6��'(#
C� �L�3 ���� ������	� �"�	S3 �� �5��� ����	� �	��� Landsat 5, 7 � Sentinel-2 � �"�	44S3 +44"� .<44�� �B ��	0��
 ��	�� T��03 �����30  �10 p�@ � ���� X�Q �� �"�	S3 +"� #� ����� :	il@� .��;� �i���� �	�1 <�� �B #H���.  

  
 G!21- � 
���� �'�9� 	�VWX
/�C  ����� 6Q7�N�  + �+��)*
 + �� �
��� �� #0��  

Table 1- Satellite image information used in the study of land use change and prediction  

�����	� �� �� p"��/��;� ��	�� ��	� (���) ��	�� <O� 

 <��L5 TM 
168-034 
169-034 

1990.06.2 30 

 <��L5  TM 
168-034 
169-034 

1995.06.15  30  

<��L 7  ETM+ 
168-034 
169-034 

2000.06.3 30 

<��L 7   ETM+ 
168-034 
169-034 

2005.06.19  30  

 <��L7  ETM+ 
168-034 
169-034 

2010.06.10  30  

 M�����2 MSI T38SMG, SNH,SNF,SMF 2016.06.23 10.20.60 

M�����2   MSI T38SMG, SNH,SNF,SMF 2020.06.20  10.20.60 

 M����� 2   MSI T38SMG, SNH,SNF,SMF  2024.06.22  10.20.60 

  
�C/� 
���� �'�9� A�
+�C�
 

 �6��'( +"� ��#���E�� ���� <�0�� � <O� �� !	��,@�6�( ������ �	������	� �"�	S3 W����( .<�� �B U	 �� :	�HVQ � <O� 	� ��
�����	� �"�	S3 ������ Landsat � Sentinel-2 U�� �� ��	0��� 	��	���VP� ArcGISPro � ENVI <��P #�W����( ���� a�	�� �	� �	�

M"?3 �A� ��	�� �+"� #� #Q�3 	� .�B ��	��"�	S3 #� Level-2 �����	� Landsat  :	I�IS3 #� ��	�� ����� �B k�IS3 6�( ��
���� <�0�� �� !	��,@� ���� 	�� ���?� �P	5� ��0;,3� � T"����"�������� �	��"�	S3 ���� .B U	 �� 	�V"�� YwD � K�O� �	� 

Sentinel-2 ��0;,3� :	I�IS3 �>�"��$L� �� ��	0��� 	� Sen2Cor M�NI3 <O� � �	" 6�	� ��Q :���893 	3 B U	 ���	" 6"�VP� 	� 
 �!��	�,� � ����"�)1403(. #���E�� ���� #CR�� M�	� 6B�( �����	� �"�	S3 �#AL	R����I� #� ����� �� �"	�P��2Q pN�e� �	�

#�<O� 	� �"��P +"� .�B U	[�� ���"���� :��j <�AO�� <��� `	?R�� � �"�	S3 k�Ij a���3 �� 	3 B U	 �� 7	� �"	�P��2Q �	�
T�"���� �� �( .��B Mj	D !	��,@� �� >�� :l�
� �� ��" .�B ���� W�� �E����� �"	�P��2Q ���I� � �	A�� #� �"�	S3 ���	�

�"�	S3 W����(Landsat 7 ��R1 k�IS3 ��V�� ����1 �� �B	� ��R1 ��Q� � X	� �� +���2003 �� #� ��R1 +"� .��� ��;���3
M�NI3>�"��$L� �� ��	0��� 	� ���� M�e� �� 	�U�� �� #�P�
�( �	��	���VP� ArcGIS � ENVI  +"� =P� ���� .�B YwD � �"	�	�B

T���3 �� M�
� Gap-Filling �NI3 ���� 7	� <�0�� 	� � 	R1 !�� �N�B #� �"�	S3 	3 B ��	0���M��B ��	�� �A� �	�.  #i�, �
6�( MD��� +"����� �W����(�����	� �	�M�NI3 ���� a�	�� M�B #� �� ����	�� �	�- ��	�� �5��� ����	� :����23 ����� � ��	��

#� �<1	�#���#� Z"	�� #� ��<��M�NI3 +"� �� ��� �� 	�6���3�B	� �����1�� <O� +".  �!��	�,� � ����"�)1403.( 

<��L �"�	S3 ���� ��	� a���3 ��"�	S3 ���� �� �(7 �	��	�) 4 �2 �3  �5( �"�	S3 � Sentinel-2  	�) �	��	�2 �3 �4 �8  �11( 
<�,$� ���� .B U	 ��!�� ����B X	,i� ���	��B ��	����"� �	��	� #� ���	�  �#C?@W�� #� �5��� ���SVM �eCognition 

Developer 9.5  � U	 �B. #
C� �6B�( �	�����	� � +��� .�B �L�3 �5��� U�� +"� ��#C?@ ���VP� MD��� M�	B ���
<�,$�#��,� ���	�#C?@ � ������ .<�� ��� #� :��j +"� #�<�,$� ��6e� #� �"�S3 ���	�TF�� �	��� >�;C3 �3 ��� .��B

#��,��� � ���e��� 6e� �� �� �"	� 	��"<	� � >�"��$L�<�,$� �pN�e� �	�#C?@ 	��� ���<�,$� ���� .��B �"�	C� ���	�54� 3/0 
 �7/0 #�) B #�P�� �E� �� ����
P � M�B �{	�C� �	������	( ���� a�3�3 �!��	�,� � ����"�1403(.  6��'( Y� {	����

)�5��� ����	� :����23 ��	��	�B�({l� �#��� #� ����	� �	���( �	�#T,� �=3�� �����;� K@	�� ���� � ��� �5��� �:	[	� ����
>�;C3 >"� �5���#C?@ .�B ��� >�"��$L� � �����B W�� 	� �"�S3 ���SVM B U	 ��  �#
C� ���� �5��� ����	� �	�8  ����

����	� <D	;� � ���e��� #?�	I� 	�B6�( ���� .X� 	� ����	� :����23 ���� Y���	� �	�� CA-B U	 �� Y���	�.  ����
<Ij6�( #
C� � ��#C?@ �"�	S3 �� ��������X	� �B �	�2016  �2020 #� ��	�� #Nj	P .B ��	0��� Y���	� X� ����� !���i
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Figure 2- Land use in the study periods of the Godarchay Watershed 
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 G!22-  #,��� ����  + ��� �� `W� �� ����� 	
�����+ �� 6Q7�N� 

Table 2- Area changes for each land use class over the study period 

����	� �5���  
(b����)�����) ����� 

1990 1995 2000 2005 2010 2016 2020 2024 2030 

�5��� ��� � 	[	�:  348.77 421.60 419.52 461.99 423.74 432.50 518.34 634.20 72.90 

����;� 12.15 12.12 12.11 12.11 12.18 22.52 24.05 28.20 29.40 

=3�� 1798.13 1434.68 1411.68 1361.59 1385.57 1264.79 1170.99 1037.6 938.3 

>"� 213.02 202.42 217.02 231.67 241.19 351.19 357.91 374.90 375.00 

#��(���  18.89 16.21 24.23 16.80 19.85 19.92 17.39 13.30 20.10 

��V�,� 0.02 0.10 0.0 0.0 0.00 0.05 2.31 2.80 5.40 
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Figure 3- Changes in Water Area in the Studied Wetlands 
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tlandse studied we) in th2kmwater area (Changes in  -Figure 4  
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 �;R5 - /�C ��� �� #0��2030 ��� 
!" ����� �
��  

Figure 5  - Predicted 2030 land use for the Godarchay Watershed 
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� �����`� �7	3 �� . �#ANO

��<" ���L���"  ��8/961 ���,"����� ���	� �� #� ���2/963 ���,"�����  �����	��VP� ���6" #�P	" �� �<��L	D� �7	3 �� #�
#���$��� �V� �+" ���	(��  ��3/964 ���,"����� ���	��� #� ���2/966 ���,"����� ���	� ���� ����� � .<��+" �VP�6" �� ��<" 
���L���" �����3 B	�� �VP� ��6" MD ���� <EN[e?3 ��B��  �37	�	" ���L� �����	� �� #��VP� .B	� �� =�	6" EC �#T" !���i  �$�	
�

� �� >��<�0� #� ��I� �� y�S1J��	� �7	3� #�� �	,B�."� ��C� COD �7	3 �� `� X	� �� #ANO1400  	� �����98 ��N�U�� L ����� 
 X	� �� � ���1402  #�93 ��N�U�� L �����  6�	�#�P	" � #��� �7	3 ���$�� COD  ��99 ��N�U�� L �����  X	� ��1400  #�96 ��N�U�� 

L �����  X	� ��1402  6�	�#�P	" #� !	
�� ��?�� ����<�0� ���L� �	� 6�	� � ��� B�"	�,� .<��  
`� �7	3 ���	C� �#ANO�" TSS  X	� ��1400  	� �����16 ��N�U�� L �����  X	� �� �1402  #�9 ��N�U�� L ����� 6�	� #�P	"  #� <��

�!	
� ��?�� ����<�0� � �� ��+"  �7	3<�� .>�+��F� � <EN[:���� )3NO( � ��+"  �� �7	35/1  #�6/1 ��N�U�� L �����  X	� ��1402 
�VP�6" #�P	" #��� �7	3 �� .<��$���� �	C��" pH X	� ��	�� 3	�	��� pN�e�� � !	
� �����#� . �y	1 ��@pH  X	� ��1400  	� �����
21/8  X	� �� �1402  #�19/8  6�	�#�P	" !	
� #�	( �������" ?;�� �+" � �� �����	(+" >� .<�� �7	3�F�+� �!�V� TDS  ����)
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MD#��� �7	3 �� (M� �B�$��  X	� ��1400  	� �����177 ��N�U�� L �����  X	� �� �1402  #�164 ��N�U�� L �����  6�	�#�P	"  #�
�	D� � 6�	� ��0�<� � �� ��+"  .<�� �7	3  

 Z"	�� 	� K�	R�`� �7	3 �� :	0;P <EN[ �� #ANO7/1 ��N�U�� L �����  X	� ��1400  #�6/1 ��N�U�� L �����  X	� ��1402  6�	�#�P	" 
� .<��+" � 6�	�����3 !	
�� ��?�� ����<�0� w2� ���� ���� 6�	� � ��� B	�� L	AP ��<��	� �	;���  #� B	�� ��1 #��� #�����3  #�

��NQ��� 3l�
� ��� E��� #��� �7	3 .�� T,� �� !B V?���$��� 23:���� �Q�3 M�	O� ,� !	
� :	0;P <EN[ �� �����  �� �
 ���I�6/1 ��N�U�� L ����� O	�� .<�� ��	� :����� <EN[ y�S1 �� 	�� (NO₃) :	0;P � (PO₄)��	
� :����23 ��B �����3� #� M�L�

<�L	AP � �w2� ���� ����� �� :����23`� �7	3 �� :����� <EN[ 6"�VP� .B	� ��	;�� �	�#�	
� <�� +�,� #ANO �� ��	0��� 6"�VP� �� ��
CI3 Z"	�� 	� #;"	C� �� .B	� #�B�� �7	3 �� <�0�� �� �0�� ��893 <�� +�,� #� B	� Y��@� ����	
� �5��� �� �"	�,�B �	���� K�

UC�) !��	�,� � 	��"1399!	
� #� �B ��	
� �w2� ���� <EN[ �� ���	
� :����23 ��	F��� V"��� ���D �� ( M���i "B ��893 ����
���� � ���B �l5	P �����	
� ��E� ��	;���7	3 �� <�0�� �� �� =�	�� �� ������<�	�  Z"	�����,B	�� ) !��	�,� �1402 ��� !	
� (

N[ #�� � #�P� �3��P �	 � D �� :	0;P <E<�0� � �7	3 ��#L	��	� �3 ��" ����.. �� `� �7	3 ��C� #ANOBOD₃  X	� ��1400  	� �����
22 ��N�U�� L �����  X	� �� � ���1402  #�21 ��N�U�� L �����  6�	�<P	" .>�+��F  BOD₃ �7	3 ��#���$�� �!	
� �� 6�	� ����
25 ��N��U� L �����  X	� ��1400  #�24 ��N�U�� L �����  X	� ��1402 � .<��+" `� �7	3 	� #�	
� 6�	�!	
� � <�� #ANO X���� ����

���L� �� ������	� L�� .<�� � #� #Q�3 	�+" 	��Z" 	C� �#;" CI3 	�K� ��� ���DV" 	F���� UC�) �!��	�,� � 	��"1399(� ��!��3 ��# � 
3 #� <P��2:���� �<�0� �7	3 ��#� 	�893 <I3 :B�� �	;�� M���i� ���	
� ��	��� �l5	P	�� ��B�� ���� �������  ���O �� =�	�� ��

.����   
  

 G!23- h� #-g
+ ����  + �� ����� ����)�
 �C �'+�8� 	
�����6" +  6Q�S#@0* 

Table 3- Changes in water quality parameters in the permanent wetlands of Aghkala and Dorgheh Sangi  

TSS 3NO -2
4PO pH TDS COD BOD5 EC X	� �7	3 

16 1.2 1.4 8.69 881 32 - - 1400 

`� #ANO 
- 0.8 0.06 10.45 372 32 - 764 1401 

2 1.4 1.8 8.43 438 9 2.1 936 1402 

9 1.6 3.2 7.68 489 39 8 1035 1403 

1 - - 7.67 1107 59 4.6 2186 1400 

#��� �$�� 
1 1.8 0.06 8.89 1096 31 4 2159 1401 

- 1.1 2.2 8.89 698 47 11 1569 1402 

9 3.7 0.3 9.67 441 - 10 946 1403 

  

6&�),���"  

�� +"� CI3K� �23:���� �<�0�  �� =O�� >�� �7	3 �	�F <D	;� � ��V�e�� ���D ��	F��� �7	3 M�	B	�� NSP� 	"�L�	��  � !	CL	@ �
�7	3	�� ,H��� `�#��� � #ANO$�������� ( B	�� .Z" �7	3 #� ��� !	
�	�� NSP� #�M�	O ��@�Q�3� <I3893�� ��BJ" ��,�NO  �

L	AP<��	� �	;��� #�P�� ���OX	� �� � ��	�� >
F 6�	� 	� T
1���� � � <D	;� ��<�0� ���� #Q��� ��	3 �M�	C� �� .���7	�� 
,H��� `�#��� � #ANO$����  :	?86���3� � � <D	;� ��<�0�  ���� !	
� �� #���$�	� 	���3�" 7	�� !���� M,I3 �� 	�:	�	 �� � ����" 

� �<"�" �	�� ��	� �� .<�� �� =�	��� 1990  	32024�7	3 <D	;� �23 	�:���� M�	O�Q�3�  X	� �� .<�� ���� #�� 3 ��1990  	31995 �
�7	3 <D	;� ��D 	�2/69 j�� 6�	� <P	" �� ��� .1995  	32000�VP� 	� ��
" >
F��� ���#�� B t	�� +"� 	( �����"  X	� �� � ��?�

2005 �7	3 <D	;��	  ��D ��	���2/34 j�� 6�	� <P	" X	� �� .2005  	32020�7	3 <D	;� � ��D 	�5/21 j�� 6"�VP� (��  ����
L�� 	�� x	�"  X	� ��2024  6�	� 	�9/6 j�� #Q��� B .+"� !	
� :	�	���893 ����:��� NO� �A���,� � ���"�" �7	3 ��<�� 	�. 	��Z" 

!	
�� �� pN�e� :	�	��� ����<�0� �7	3 ��<I3 #� <�� 	�893�� �<"�" L	AP �=�	��<��	� �	;��� ��B �J" I��R�  ��?�� .���� ���O
��0�< 	������	( �� ��� BOD₅ � COD #�	
� �7	3 �� �� ���� � �� <?u�<"�" ��#�� ���L� 6�	� ���	� L�� B ��"	�,�  .<��
�	�+"D�X	 �VP�6" EC � �7	3 �� �� ���	� ���� #�� 6���3 L���� :	��O� �� � <�Q<"�"  �� =�	��<��	�� �� .�<" 	��Z" CI3K�  !	
�
���� � #�<"�" jIk� �� =�	��� �b	0D :	��O� �� ���� �7	3 m0D���5 	�� 6L	F #� #Q�3 	� .<��	�� B	�� 23 ��:���� NO��,�  �

	��	
P� �	;���� #�	�����V" � �<�	����w� ��� a�	��� � m0D+" ?@ =�	���A� 	�" �L�� ��<" � ���O���7	3 �� <b	0D .�#� 	� m0D #� 	��3
� G��3��;" ���� �;�>��	� ?@�A� � T,����� �93 #� #�N�+� 	( � q	( �� =�	����" �V� B ���1 � ��.  ������ :	�	��� #� #Q�3 	�
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��	
��7	3 <D	;� �� �Br1	B �� ��	0��� �	��B����	��� W�	� �	� (SPI) ������"� �� =�	�� r1	B � (GRI)  :	C�CI3 ��
�� �A�R��� �� ����� q�� #� ���3r1	B +"� .�� T,� ��� =�	�� � <D	;� :����23 +�� # kR� :����23 � �B�	� �	��$L� ���	O 	�

�7	3 <D	;� � > D �� ��	"� ��893 #� �� ������"� �� =�	��#� ����� 	�K�O� ��@��� ����� ��3. 	��Z" ���� �� Mj	D� r1	B	�� 
� �� =�	�� � W�	�������" �����3 ���� �"�"< ��#�� �� =�	��� ( �6����� 893:��� 23:���� NO��,� L	AP �<��	� �	;��� �7	3 �� 	�

� �� .��B ��	0���+"��� (�	��
� ����B � #�+" r1	B#�	��� �� 	���V"�	� ���"�" � �<�	����w��	� �3� .��B �	IL  
  

 #SWE
 	�i�W�  

*�)*+# �+
+ 6��� :�����	0��� Z"	�� � 	�.<P�� ���1 ���O �	��1� �� X��;� ��;"�� 	� #?3	�� K"�@ �� 6��'( +"� �� �B �  

:#7�� �'�-� 
e� �5	D 6��'(�  ��T" ���� #L	��� ���� �	$
��� J��3 #� <��#� �93+� L	�� .<�� �B  

�, �� �:�%�"!0�': ��� ,I�	��W�� :�	�B�� U��� �W�	$� ���VP�t6"��" U��0� :6�,�� ���Q�	��� �"	,����� �t6"��" D�� ���	5�� :��'�.���	
�  

�, b?�0� +�j�:%�"!0�' !	��;"�� �+" � Uli� #L	C������ � #���#��� AP	�� �	�3�  �� � W�	$� y�S1 �	
��� Z"	�� � aL	R��+"  6��'(.����   
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