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ABSTRACT 
Among the various processes of land degradation, soil erosion is known as a major 
environmental problem that causes the loss of topsoil and nutrients, reduces fertility, 
and thus decreases in crop yield. Evaluating and preparing a risk map and 
estimating the lost economic value due to the loss of soil nutrients can provide the 
basis for rational planning to prevent and control wind erosion. The aim of this 
research is to estimate the economic consequences of wind erosion in the Hamoon 
wetland, which is considered as one of the centers of dust production in the Sistan 
plain. This research has been done in two stages; first, using the IRIFR model, which 
is an experimental model to estimate the intensity of wind erosion, an attempt has 
been made to investigate the erosion intensity, prepare a map of erosion classes 
(danger), as well as determine the amount of annual sediment production in Hamoon 
wetland. In the second stage and the economic discussion on the topic, in two parts 
and using the information obtained from the first stage, using two methods of risk 
assessment and alternative cost, to prepare a risk map, and the economic value lost 
due to the loss of the main nutritional elements of the soil action has been taken due 
to wind erosion in the proposed region. The findings show that Hamoon lagoon has 
five risk classes in which, the low-risk class has the largest area with 41.15 percent. 
In terms of economics, from the point of view of the risk map, the largest area of the 
wetland includes the intensity of risk with 59.93 percent in the very low class, 32.68 
percent in the very high class, and 7.36 percent in other classes. The amount of lost 
economic value of the main soil elements due to wind erosion in the mentioned 
wetland is estimated to be 994 billion Rials. 
Wind Erosion; IRIFR Model; Risk Model; Replacement Cost Method, Hamoon 

Lake.. 
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Extended Abstract 
Introduction 
he occurrence of drought and the consequent reduction of vegetation cover and the drying 

of Hamoon wetland as well as the 120-day winds in the Sistan region have created 

conditions for wind erosion and the occurrence of dust storms, which are among the most 

sensitive areas to wind erosion in this region. The consequences of wind erosion include 

the disappearance of traditional jobs such as agriculture and animal husbandry, increase 

in unemployment and poverty in the region, the spread of fake jobs, the spread of various 

diseases, an increase in irrigation and fodder costs, the sharp decrease in the income of 

farmers and ranchers, and the decrease in production. The research has prepared an 

economic risk map resulting from wind erosion in the wetland, as well as a quantitative 

estimation of the economic value of lost food elements due to wind erosion there.

Methodology 
In order to investigate the economic issues and reach an economic risk map as well as 

obtain a quantitative estimation of the lost economic value in this research, in the first 

stage, using the IRIFR model, we prepared a map of wetland erosion classes (the risk map 

needed to calculate the equation of the risk), and then by estimating the amount of 

precipitation, the amount of produced sediment was used to quantitatively estimate the 

lost economic value. In the second stage, the risk equation was used to prepare a map using 

the IRIFR model. Then, based on the existence of various uses in Hamoon wetland, a map 

of endangered species was prepared. In this part, firstly, based on the method of damage 

estimation according to the information of the organization and experts’ group, the amount 

of risk was estimated for each user unit, and then the amount of risk was calculated 

separately for all users of each erosion class. In the next step, the vulnerability map of the 

elements at risk was classified in terms of economic, ecological, and user experts’ 

viewpoints. Finally, the risk level was calculated and classified based on these three 

factors, and the risk map was prepared in GIS software. In the second economic part, to 

estimate the lost economic value of the main nutrients of the soil due to erosion, the 

replacement cost method was used, through the information on the amount of production 

sediment obtained from the IRIFR model, the amount of nutrients lost from the soil was 

calculated (by Sampling from the wetland location and laboratory estimations of nutrients 

in the soil), the total amount of nutrient loss based on erosion in the area was calculated 

and then, considering the price of substitute fertilizers to compensate for the elements, the 

lost economic value of all elements was estimated using the replacement cost method. 

Results and discussion 
The results indicate that Hamoon wetland includes five erosion classes (danger), in which 

the highest erosion class corresponds to the low erosion class with 122,167 hectares 

(41.15%) and the lowest one corresponds to the very high erosion class with 13,573 

hectares (4.57%). The results of the damage estimation illustrate that the highest damage 

is related to roads (3145 million Rials per unit), followed by hand-planted forests (300 

million Rials per unit), agricultural lands, pastures, and groves (150 million Rials per unit 

each), whereas the least damage is related to residential areas (10 million Rials per unit). 

Then, the amount of wind erosion potential damage of different classes was investigated. 

The highest amount of damage is related to land uses of classes 2 and 3 (9,843,664 and 

6,045,232 million rials, respectively), and the lowest amount of damage is related to 

classes 4 and 1 (respectively, 85,715 and 628,977 million rials). In the following, the 

frequency of economic risk intensity classes of the study area was investigated. The 

findings indicate that very low risk classes, 59.93% (177,885 hectares), low risk classes, 
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2.31% (6884 hectares), medium risk classes, 0.60% (1800 hectares), high risk classes, 

4.45%. (13,217 hectares), and very high-risk classes have occupied 32.68% (97,028 

hectares). Findings also show the highest and lowest amount of P element is 16.8 and 3.2 

ppm, respectively, and the average of the samples for this element is 10.44 measurements. 

The highest and lowest amount of K elements are 400 and 90 ppm, respectively, and 247 

ppm for this element were measured in all samples. The highest and lowest amount of the 

N element is 0.06 and 0.02%, respectively, and the average of all samples for this element 

is 0.037%, which is equal to 3700 ppm, that the value of each element is used as CU. In 

total, the highest amount of lost value in the amount of 994 billion Rials is related to the 

very high erosion class and the lowest amount is related to the very low erosion class in 

the amount of 32 billion Rials. 

Conclusion 
This research tried to first estimate the economic risk of wind erosion in each of the 

working units of Hamoon wetland, and then calculated the lost economic value due to this 

erosion in the wetland. The results revealed the most erosion is related to forests, pastures, 

agricultural lands and groves. Among the most important reasons for high erosion in the 

mentioned parts, it can be mentioned the changes in land use (residential constructions and 

road construction) as well as the indiscriminate grazing of livestock, and the continuation 

of this situation can increase the intensity of erosion to the central and southern parts as 

well. Another issue in this field is the lack of international joint working groups (between 

Iran and Afghanistan) in the division of rights and water management, which unfortunately 

is due to the non-compliance of rights by Afghanistan, and is the most important factor in 

the drying up of the wetland water and the growth of wind erosion in the region. The 

amount of lost economic value in the study area, on the one hand is due to the prevailing 

poverty in the region and on the other hand due to the increase in the intensity of erosion 

in the coming years (due to drought, water crisis, climate changes, and land use changes). 

This trend will not only threaten the food security in the Sistan region, but also make this 

region more dependent on the import of food resources from other provinces and 

neighboring countries than in the past. In order to reduce the severity of wind erosion and 

the effects caused by it, first of all, it is necessary to use scientific models and methods of 

wind erosion measurement in the field of policy-making in order to obtain a better 

understanding of the state and trend of the wetland, and more detailed plans should be 

presented to adjust the problems. Also, the quantitative estimation of the economic value 

will provide the possibility for managers and policy makers to identify the focal points and 

prevent the increase in the severity of the crisis with accurate information on the amount 

of damage caused. Another political solution is to form a secretariat between Iran and 

Afghanistan, so that on the one hand, the parties' interests can be determined more 

precisely, and on the other hand, operational projects can be defined to prevent the 

formation of problems and negative consequences in this field. Finally, it is necessary to 

develop monitoring mechanisms in order to prevent land use changes and indiscriminate 

livestock grazing. In this context, the formation of integrated wetland management with 

the presence of the management and planning organization and other stakeholders and 

actors in this field in order to manage these areas. 
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Figure 1. Location of Hamoon wetland 
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شکل 1. موقعیت تالاب هامون
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^ C�+1 .\%&&1 *&��A R5�� 2�M�� � XG: ������ (�) �� C+* IRIFR  

�5�J e]4 � ="0+�e]4 W
]  
 	�Y�5 I�5, "�3�/

Ton/Km2/Year 

 ?���
�-���";$�="0 !  

���� d4I d4 ?� �/250  d4 ?� �/25  

d4II 500- 250  50- 25  

K5��
III 1500- 500  75- 50  

?+��IV 6000- 1500  100- 75  

���� ?+��V  ?� ����6000   ?� ����100  

Table 1. Determining the amount of annual Sediment and soil erosion class in the IRIFR model 

)hS,* �)"H'� :1385(  

2M3M1. %!�� ��:� ���	�� O�� P61 *� '$�IRIFR

�,�@�, ?� M+ �$ ,�?���
� ��/�>3��
 �G�;
 ,� ��S�
 )�$ ?� M+ �$ 	 �$�9  ��S�
 )�� �+�5�J ,� �`�
 <
� 

 C�"S h��
 C"
 ,�1 	S�/� �5, � -� ��`{/ � )�� �+�5�J � <
�  �$ �`� w>a � ="0 	I�5� � ��+�? ���f�

	�G� ?�:HS � 	+�& )�$ ,� .W5� WJ�� =,�\ X�� [�5 �+�5�J W�>a� � �� �W�(, 	�HS?� �/� ](� ),��

I�5, -�*�
 � )�� �+�5�J <�@���& ���� ?� ���f�5� � ��/�>3��
 �\�  <4 � (�,�@�,) ),�4 "'�� �$ ,� �$�

 �3��>
1  ���,�5 �HA�4) W5� �"0 	95��
1396.(  

�� = 41���	(0.05�)�                                                                                      ) �3��>
1(  

 -� ,� 	4SQI�5, -�*�
 � � C�5 ,� :�
 ��
���4 � V/ k@' � �$�R �+�5�J � �`�
 <
��  =�?���
� 	 �Hl
 �

.W5� )��  

  

2M4�  ����� .P.�  

	 M@+, ��+?,���G� ��./ -�#
� ��+�+"
 M+%/���5� ,�*� M+ -��; �
 d$��J �, ��� ="0 � <�@���& )�$ �?�5

)Messner & Mayer, 2005	 =,�@� .(����5 ^�T� C�H�'� � ="0 ?� �`{�
 d�G�@
 =,�\  C�H�'� ��>�9(

k�5�	+�
�5 )�+v&W�H$� �+ g?,� � �$ 	+�
�5W�/ )�$`{/C�H�'� ?� �9�4�/ M@+, :T�� ,� .W5� ��  W
��� � ^�T�

 W5� 	���5 �+ 	`��' kT��  ��>�;\)1390(-��� ��4 =,�@� .	 �+�? �3��>
 ���5�2�
 �,��� (M@+, �3��>
) � ��0

)Ownegh, 2009: 35-45.(  
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 ) �3��>
2( � = � × � × �

2M5) <�:Q��3  R�:$ E�� .NRCM(  

	;+*$ �,��� )��) �+�vj ���
 �;+*�+�S �;+*$ g�, ?� )��7�T� �Z� ?� X�� �+�5�J d�G�@
 )�$NRCM 	 	4 (

	;+*$�
 ���f�5� W5� y��>
 d$ )vi
 ���
 ���8/ )�$+��H�0 ��4 "+�� �;+*$ g�, V+� ,� .��0 uf' )�� �?Y �

��. )��'� ��
 	95��
 X�� ),�	;+*$ � ��0	 �+�vj ���
 �;+*�+�S )�$ ���8/ )�;9
 � � d�G�@
 =,�\NPK 

�
 �,��� (d�5��& s �f@J s -2�����)) ��0Panahi, 2005 .(,�"G
 WJ,,"$ �\�;  �+�vj ,� h(�;
 �+�5�J	�J�+

,� �$ �),�4 "'�� ?� ���, �+? 5��
	9 �
 ��0 �-�,�#H$ � ),���8)1388 :73(:  

) �3��>
3(                                                                                                       ��� = � × ��� 

	4 ,� -� DU -�*�
 �+�vj �\�;  	�J,,"$ ,� �$ P),�4 "'�� n ���
? !,�� Ph�G�/ U ��� �7;  P	(��
 S -�*�


�+�5�J ,� �$ ),�4 "'��(kg/ha) P CU ,�"G
 �\�;  �+�vj W5�?� X�� ,�	�J, (mg/kg)  .W5�

W5�?� V����S �;+*$ g�, ?� ���f�5� � X�� �+�vj �\�;  )��7�T� g?,��
 �,��� 	�J, �;+*$ g�, ,� .��0

	;+*$ �V����S V+*�+�S )�� �?Y )�$ �\�;  -��4W5�?� �,�?� ,� 	3��9
 <�T �+��H�0 )�$��4 h+�( ?� X�� ��J,

uf' X�� )��7�T� g?,��
 -�� �, �"0 �-�,�#H$ � ),���8) ";41388 V����S )�$��4 WH�T V�J�� �Z�,� � .(

W5�?� �\�;  -��9S )���
 �X�� ��J,) �3��>
 h9( �, �\�;  )��7�T� g?,� -��/4:��4 �,��� (  

� = (	��� + 	��� + 	���  )  ) �3��>
4(  

 Y� ���, ,�	��	��	�   � -2����� � �f@J �d�5��& �\�;  )�� V����S )�$��4 WH�T k�/�/ 	 �V  )��7�T� g?,�

.W5� �\�;  <4  

3*���� .LJ+� ��$ 

3�1��� �� ��	���� 	� ��	� ��	��� ���   �! . IRIFR  

 C�"S2?���
� ?� <\�' c+��� �	� <
��  	 �$� C"
 ����IREFR  -��� �, -�
�$ IY�/ ,� ��S�
 !,�@�, )�$"4 ,�

�
 C"
 <
��  ?���
� :HS e�5�� C�"S V+� ,� ."$�IRIFR  h��
 -� �+�5�J e]4 � ="0 �,�@�, �$ ,�

 C�"S1 
� !?� e�5�� ?���
� V+���� .W5� �"0 o8�
 <
�  	 F��
 �$�?���Wd4 � � 	 F��
 =�?���
� V+�/

<
�  )�$LU  �AD .W5�  

عناصر در معرض خطر و    درجه آسیب پذیرى عناصر است RHEV که در آن    ریسک،    بزرگى خطر،  
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C�"S2 C"
 ?� ���f�5� � )�� �+�5�J ��+?,� .IRIFR -�
�$ IY�/ ,�

���	
  ����)� +: 
������ 3*�� 0�&!*� 1&O��&*  1&O��&*

 XG:

����)�  PLM W S V E D AD LU SS 

1
3-1-1  

5	&U ��� �k��� �� ��

�P �
5P  
7 7 15 3- 7 4 6 2 0 45 II 

2
3-2-1 
m��-*��M�P 2,��� 9 7 15 14 15 13 10 9 1 93 IV 

3
3-3-1  
��5T ��+� �&O�# ���

�
5P  
5/5 7 15 3- 9/2 0 2 0 1/3- 3/26 II 

4
3-1-10  

 �� Lo5% I4) J!�5P

����S�  
8 7/8 19 14 13 17 10 8 15 7/112 V 

5
3-1-11  

� I4) J!�5P  9-�

�
5P �� ���	�  
7 7 15 3- 7 4 6 2 0 45 II 

6
3-1-12  

2p% � q�S/�,����5��* ��

�#  
3 2 2 3- 6 1 10 0 0 21 I 

7
3-1-13  

�5
 '��5�� �� +,��# 8 7 15 13 15 15 8 3 5 89 IV 

8
3-1-14  

��5��* JK<,* 8 6 18 13 14 13 9 3 5 89 IV 

9
3-1-15  

��	� 2W: 6 7 15 3 10 5 2 0 0 48 II 

10
3-1-16  

 ���: .P � �5
 �k���

H5P ��+�  
7 7 15 3 10 1 3 2 0 48 II 

11
3-1-2  

2,P���0 ��5
 �� ��� 7 7 15 0 10 0 5 1/2 0 1/46 II 

12
2-3-2  

 r�%+	� �0���4: �k���

�+
���  
8 7 15 7 8 8 5 6 0 64 III 

13
3-3-2 

I	� Js����  6 7 15 5- 4 0 0 0 3- 24I

14
3-1-3 

���0���4: �k� 8 8 18 14 14 12 6 5 2 87 IV 
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15
3-3-3  

.P � �5
 �k��� ���:

�
5P ��  
8  7  18  14  14  12  4  3  1/1  1/81  IV  

16
3-1-4  

 �� ��5	&U ��� �k���

2p%���  
8  7  18  7  10  20  5  5  10  90  IV  

17
3-1-5  

 �� 9-� � I4) J!�5P

X5!* �
5P  
7  7  15  0  7/2  5  3  2  8/4-  9/36  II  

18
3-1-6  

 �� �+
 +,:��� �k���

I%5/:  
10  8  18  15  15  10  10  10  5  101  V  

19
3-1-7  

2p% �� �+&�4) ��0AT ���

X�*  
9  7  18  15  7  20  10  10  12  108  V  

20
3-1-8  

�� �� ���	� I4) J!�5P  7  7  17  1-  2-  5  5  0  2/4  2/42  II  

21
3-1-9  

 AT �� ���	� I4) J!�5P

�� �  
7  7  18  0  7/7  7  6  0  4-  7/48  II  

Table 2. Evaluation of wind erosion using IRIFR model in Hamoon wetland  
	�J�+ ��$�%& )�$1401  

<#0 2e]4 . �+�5�J )�$X��  g�, ,� -�
�$ IY�/IRIFR  

  
Figure 2. Classes of soil erosion of Hamoon wetland in the IRIFR model 
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 <#02  �+�5�J e]4 � ="0 �+�.� ��G�:HS e�5�� �, -�
�$ IY�/ )��	�G� �+�.� )";	� )�$ <
��  ����

�8 ,� ��/"H  �Y� ="0 � ��+�5�J e]4 .W5� ���� -��� )�� �+�5�J ,� ,�v���`{/�0 C�H0 ��3�H0 )�$ ��T

�8 �	�J���,� �, IY�/ I�j ?� �+�$�8 *�� d4 ���� ="0 � ��+�5�J e]4 ."���j C�H0 )�$� �  �, ��j

�
 <
�0e]4 �+�5 .��0�8 ,� *�� ��+�5�J )�$ 	��� -�H$ .W5� �"$��
 <�T 	>3��
 �,�
 !��"�
 w��8
 )�$

 <#0 ,� 	42  C�"S ,� 	4 W5� (���) ��+�5�J e]4 c;& <
�0 -�
�$ IY�/ W5� �"0 ���� �+�H�3  �-�*�


e]4 V+���� .W5� �"0 -�� e]4 �$ "\,� � W'�@
  � d4 ��+�5�J e]4 	 F��
 �IY�/ ��+�5�J122167 

) ,��#$41,15 d4 � ("\,� � ��+? ���� ��+�5�J e]4 	 F��
 -� V+�/13573 ) ,��#$4,57  .W5� ("\,�  

 C�"S3e]4 "\,� � W>5� . C"
 ?� ���f�5� � �+�5�J )�$IRIFR -�
�$ IY�/ ,�

Table 3. breadth and percentage of erosion classes using the IRIFR model in Hamoon wetland 
	�J�+ ��$�%& )�$1401

2i3���� ������ 0� �
�� ��� !"� I��� ���#�� .  

W.S 	;.&)"; �M@+, ��G� �"�� �\�;  ,� ��>
 ��� )�a�,� �)?,���4 �:/��
 <�;S��$ 
�V4� ����#@


��,)�$ ��/]\��
 C���4�$ � )�$�.� I����5, � =�@�5{/ d.
 <#0 h9( (3 �+�5�;0 "0 � 	 )�� ��5

k�5� �S,� -�,�� W5�-�
?�5 � =�,��� 	 	>S��
 VHa -� k+��a � )�+v&	;+*$ 	(��
 )�$ )�$

<�H�/ (=,�@� ^�T� =,�\ ,�) C�5 M+ �( �\�;  ?� "'�� �$ � �"0 C�"S ,� � �,���4  �,��� !���

 C�"S ,� � =,�@�5 �,�@�, e�5�� =,�@� <4 -�*�
 ��+�5�J e]4 �$ ,� �"0 :T�� w��8
 )�$

=,�@� �,��� c+��� .W5� �"0 	q�,��
 -��� �$=,�@� V+���� 	4 "$����S 	 F��
 k�/�/ 	 �$ �$

)3145 0�4 W5� <�;S (��
���4 �$ ,� C�+, -����
) W300  �� �,? �a�,� � �("'�� �$ ,� C�+, -����


	�� � :/��
 ��"4 �$) �$,�?150 d4 � �("'�� �$ ,� C�+, -����
) ���#@
 V4�
� 	 F��
 =,�@� V+�/10

.W5� ��� ("'�� ,� C�+, -����
 

������ XG: � '+
XG: 9*G� &!*�0� 2�M�� R5�� +&U5% 
Ton/Km2/Year

(��!��) 9\�� +?�� 

d4 ����I>25 d4 ?� �/250 84537 28,48 

d4II25-50 500- 250 122167 41,15 

K5��
III50-75 1500- 500 40125 13,51 

��+?IV75-100 6000- 1500 36412 12,26 

��+? ����V<100  ?� ����6000 13573 4,57

:HS -- - 296814 100 

.2-3
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 <#03-�
�$ IY�/ �a�,� )�,�4 ��G� .  

  
Figure 3. Hamoon wetland land use map  

  
 C�"S4)�� �+�5�J ?� �0�� =�,�@� �,��� !��� .  

��� ��>
 ,� �\�;   (:�;
 ��+?� �;+*$) =,�@� �,��� !���  "'��  
 ,� =,�@� -�*�


(C�+, -����
) "'��  

 ���#@
 V4�
�  	5�
 �;+*$ K5��
,��+� k+�8/ =,�@� +	�Y�5 ��,  "'��  10  

���S�$  K� �dq]  k7�3�f5� d�
�/� ��4���S [��@/ �+ W  �
���4�  3145  

()?,���4) � �,? �a�,�  [��@/ �;+*$ +��4 � (�";�) �"H  C�7�
 "�3�/ K5��
 e�5�� W�4 �"  =,�@�  ,��#$  150  

:/��
  	/� �;+*$:/�
 ��Y�5 "�3�/ ,�a +  ),��� � W9T��
 C�5 M+ +),�4  ,��#$  150  

<�;S W5�W0�4  <�;S �;+*$�
 C�5 M+ + ),�4),��� � W9T�  ,��#$  300  

�+�  �+� h(�;
 <��� :�;
 ��+?�  ,��#$  0  

	��,�?  	/� �;+*$:/�
 ��Y�5 "�3�/ ,�a +  ),��� � W9T��
 C�5 M+ +),�4  ,��#$  150  

���� �a�,�    ,��#$  0  

Table 4. Estimation method of damages caused by wind erosion 

 �)*��5 ::9;
1384 :104���J�  P �k@�1401  
  

 C�"S ,�5)�,�4 ,� )�� �+�5�J ?� �0�� <�@���& =�,�@� -�*�
 � 	4 	�����H$ .W5� �"$��
 <�T e]4 �$ )�$

)�,�4 	 F��
 )�� �+�5�J <�@���& =�,�@� -�*�
 V+���� �W5� �"0 ���� -��� *�� C�"S V+� ,�e]4 )�$ )�$

2  �3  � k�/�/ 	)9�843�664  �6�045�232 d4 � �(C�+, -����
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 V+�/ )�$4  �1  	)

 � k�/�/85�715  �628�977 .W5� (C�+, -����
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 C�"S5)�,�4 ,� )�� �+�5�J ?� �0�� <�@���& =�,�@� �,��� .-�
�$ IY�/ �+�5�J e]4 �$ )�$  
)�,�4�$   �+�5�J e]41   �+�5�J e]42]4 �+�5�J e3 �+�5�J e]44 �+�5�J e]45

 �\�; 

 ,�

 ��>


���  

"'��  -�*�
   =,�@�

 -����
)

(C�+,  

-�*�
   =,�@�

 -����
)

(C�+,  

-�*�
   =,�@�

 -����
)

(C�+,  

-�*�
   =,�@�

 -����
)

(C�+,  

-�*�
   =,�@�

 -����
)

(C�+,  

 V4�
�

���#@
  

"'��  0  0  0  0  0  0  701  7�010  0  0  

���S�$  ��
���4  2,484�277  18,65  58�654  0,983�082  12,28  38�621  0  0  

 �a�,�

� �,?  

,��#$  0  0  0  0  1018,7  152�805  0  0  0  0  

:/��
  ,��#$  0  0  50452,7  7�567�905  38951,3  5�842�695  524,7  78�705  7624,4  1�143�660  

<�;S�$  ,��#$  606,4  181�920  781,6  234�480  155,5  46�650  0  0  0  0  

�+�  #$,��  690,4  0  51107,60  0  0  33557,80  5949,1  0  

	��,�?  ,��#$  2956,9  443�535  13217,5  1�982�625  0  0  0  0  0  0  

 �a�,�

����  

,��#$  80283  0  6607,7  0  0  0  2231,2  0  0  0  

<4 :HS  628�977    9�843�664    6�045�232    85�715    1�143�660  

Table 5. Estimation of potential damages caused by wind erosion in the land uses of each erosion class of Hamoon 

wetland 

	�J�+ ��$�%& )�$1401

k�5� k+�a 	�J�� ,��T -� ,� �7;  �$ 	4 )��� e]4 � ��,�� =,�@� -�*�
 e�5�� �7;  �$ )�+v&

 C�"S h��
6 �
 -��� c+��� ."0 V��>/)�,�4 	4 "$�	 F��
 )�$ 	�� �:/��
� ���� �a�,� � �$,�? )�,�

k�5� e]4)�,�4 �d4 )�+v&���S �)?,���4 �a�,� 	 F��
 )�$<�;S � �$W5� )�$ )�,�� W0�4

k�5� e]4)�,�4 �W+�.�,� � �K5��
 )�+v&k�5� e]4 )�,�� ���#@
 )�$��� ��+? )�+v&."��  ,�

k�5� e]4 ��+? ��G� � C�"S �$ )�+v&)�,�4 ?� M+.W5� �"0 ���� -��� �$  
  

C�"S 6k�5� e]4 .-�
�$ IY�/ ��� ��>
 ,� �\�;  )�+v&  

Table 6. Vulnerability class of elements at risk in Hamoon wetland  
	�J�+ ��$�%& )�$1401  
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�$ IY�/ ,� )��7�T� M@+, ="0 )";  

  
Figure 4. Economic risk intensity zoning map in Hamoon wetland 

	�J�+ ��$�%& )�$1401  
 �	
��� ,�e]4 ������JT �5,� �,�
 IY�/ )��7�T� M@+, ="0 )�$	�J�+ ."0 	�J�� ,���
 -��� �$ 	4 "$�

e]4 �d4 ���� M@+, )�$59,93 ) "\,�177885  �d4 M@+, �(,��#$2,31 ) "\,�6884  )�$ e]4 �(,��#$

 �K5��
 M@+,0,60 ) "\,�1800  ���+? M@+, )�$ e]4 �(,��#$4,45 ) "\,�13217  )�$ e]4 � �(,��#$

 ���+? ���� M@+,32,68 ) "\,�97028 ���� x�7��� ��� 	 �, (,��#$."��  
  

 C�"S7 .e]4 ������J-�
�$ IY�/ )��7�T� M@+, ="0 )�$  
  

  

  

  

  

  

  

  

  

  
Table 7. Frequency of economic risk intensity classes of Hamoon wetland 

	�J�+ ��$�%& )�$1401  

  

e]4 )";5  	5]4R  

�f�4 =�G9(  M@+, e]4  
M@+, -�*�
  

 (-�
�/ �,����
)  
(,��#$) W'�@
  "\,�  

d4 ����  I0-10  177885  59,93  

d4  II10-50  6884  2,31

K5��
  III50-100  1800  0,60  

��+?  IV100-500  13217  4,45  

��+? ����  V500-2000  97028  32,68  
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3i3���� ������ 0� �
�� J!�� 9�� 0� ��� !"� H0�� ���#�� . 

<�T *�� C�"S V+� ,� 	4 ,����H$ d4 �	�Y�5 I�5, "�3�/ 	4 d4 ���� ��+�5�J e]4 ,� �W5� �"$��
 �/

 ?�250  V�����
 �W5� C�5 ,� :�
 ��
���4 ,� V/QS (S)  � ���1262,8  W5� ��� ,��#$ ,� ������4

	)d4 -��;  -�*�
 V+�/QS (S)��� 	�Y�5 I�5, "�3�/ 	4 ���+? ���� ��+�5�J e]4 ,� 	4 �3�',� �(  �

500- 6000  V�����
 �W5� C�5 ,� :�
 ��
���4 ,� V/QS  C��>
33696,7  W5� ��� ,��#$ ,� ������4

	) -�*�
 V+���� -��; QS (S).(  
 C�"S8I�5, -�*�
 .-�
�$ IY�/ ��+�5�J e]4 �$ ,� �$�

Table 8. Sedimentation rate in each erosion class of Hamoon wetland

	�J�+ ��$�%& )�$1401  

  

 C�"S9  ��
�,�& �/�95��
 c+��� ����� CU �3��>
 )��3  X�� ��J, W5�?� �+�vj �\�;  V�����
 �95��
 e�5��

	��H� V+";A ,�Z;
 V+� 	 .W5�hH  ,� �7;  �$ )�� )��� V� V�����
 =,�\ 	 	4 =��f�
 )�$0-27  ,�  W5�

d4 � V+���� .W5� 	�J�� =,�\ �/�>3��
 !��"�
 �7;  -�*�
 V+�/P  k�/�/ 	16,8 �3,2 ppm  ��H/ V�����
 �

�	��H �7;  V+� )�� �$10,44 �?�"��d4 � V+���� .W5� �"0 )��� �7;  -�*�
 V+�/K  k�/�/ 	400  �90 ppm 

	��H� ��H/ V�����
 � �7;  V+� )�� �$247 ppm �?�"��d4 � V+���� .W5� �"0 )��� �7;  -�*�
 V+�/N  k�/�/ 	

0,06  �0,02 	��H� ��H/ V�����
 � "\,�� )�� �$ �7;  V+0,037  ��� 	4 "\,�3700 ppm �?�"�� W5� �"0 )���

	 �7;  �$ V�����
 �"  	4 -��; CU .W5� 	�J�� ,��T ���f�5� �,�
  

  

 � ="0
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�+�5�J

 W
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e]4  
  	�Y�5 I�5, "�3�/

Ton/Km2/Year 

-��� ?���
�

="0 !";$�

R �"  V�����
)

 e]4 �$ ?���
�

(�+�5�J  

QS  �"  V�����
 e�5��

�,�@�, �$ =�?���
�  

Ton/Km2/Year  

QS  
)S(  

kg/ha

d4 ����Id4 ?� �/250  d4 ?� �/25  22,5  126,28  1262,8  

d4II  500- 250  50-25  42,91  350,39  3503,9

K5��
III  1500- 500  75-50  64  1005,83  10058,3

��+?IV  6000- 1500  100-75  88,18  3369,67  33696,7

��+? ����V   ?� ����6000   ?� ����100  107,23  8734,81  87348,1
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 C�+^9. -�
�$ IY�/ ?� w��8
 ��'�� �� ,� X�� *�3��� 	 F��
 c+���  

+��
 3&���P(�) j	�  Av.P Ppm Av.K Ppm N%  

 !,�H010-21  13,8  320  0,04  

 !,�H020-16  15,8  230  0,05  

 !,�H030-27  3,2  90  0,02  

 !,�H040-17  16,8  250  0,06  

 !,�H050-21  10,8  250  0,03  

 !,�H060-16  10,8  300  0,04  

 !,�H070-17  6,2  160  0,04  

 !,�H080-18  16,2  400    

 !,�H090-22  4,8  230  0,04  

 !,�H0100-16  6  150  0,02  

V�����
  10,44  2470,037=3700ppm

Table 9. Results of soil analysis in ten different areas of Hamoon wetland  
 ����#
 ���  -�,���� ,���
 V�5";.
 ?� 	�J��� :v�{
1400  

  
I�5, -�*�
 �,��� ?� �& IY�/ X�� ,� ��S�
 �+�vj �\�;  ?� M+ �$ ,�"G
 �95��
 � �+�5�J e]4 �$ ,� �$�

	 �3��>
 ���5�3  C�"S h��
 ��+�5�J e]4 �$ ,� ��S�
 �+�vj �\�;  ��4 WJ,,"$ ,�"G
10  .W5� �"0 �,���

 C�"S10	�J,,"$ �+�vj �\�;  <4 -�*�
 ����� �  )ND �KD �PD(  �\�;  )��K �N �P  �+�5�J e]4 �$ ,�

d4 � V+���� .W5� �7;  ��J,,"$ -�*�
 V+�/P  F��
 k�/�/ 	 -�*�
 � ��+? �+�5�J e]4 	12809,50  e]4 �

 -�*�
 � d4 ���� �+�5�J1114,50 ���
d4 � V+���� .W5� �"0 �,��� ,��#$ � ��� �7;  	�J, ,"$ -�*�
 V+�/K 

 -�*�
 � ��+? �+�5�J e]4 	 F��
 k�/�/ 	303060,16  -�*�
 � d4 ���� �+�5�J e]4 �26368,07 ���
 ���

� d4 � V+���� .W5� �"0 �,��� ,��#$ �7;  ��J,,"$ -�*�
 V+�/N  � ��+? �+�5�J e]4 	 F��
 k�/�/ 	

 -�*�
4539767,68  -�*�
 � d4 ���� �+�5�J e]4 �394987,29 ���
.W5� �"0 �,��� ,��#$ � ���  
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 C�+^10.  ��+�vj �\�;  WJ,,"$ <4 ,�"G
P  �K  � Ne]4 ,��5�J )�$-�
�$ IY�/ �+  

 e
]4

 
� 

=
"0

�
+�5

�J

e
]4

 W

]

 
  

 W>5�

(,��#$)
kg/h

a

Av.

P 
Ppm

�� 
Mg/ha

�� 

<4
Av.

K 
Ppm  

��
Mg/ha

��

<4

N  
Pp
m  

��
Mg/ha

��

<4

 ����

d4I
84537  

1262,8  10,4413183,6  1114,5  247311911,6  26368,1  37004672360  394987,3  

d4II  
122167  

3503,910,4436580,7  4469  247865463,3  105731,1  370012964430  1583825,5  

K5��
III  
40125  

10058,310,44105008,7  4213,5  2472484400,1  99686,6  370037215710  1493280,4  

��+?IV  
36412  

33696,710,44351793,5  12809,5  2478323084,9  303060,2  3700124677790  4539767,7  

 ����

��+?
V  

13573  
87348,110,44911914,2  12377,4  24721574980,7  292837,2  3700323187970  4386630,3  

Table 10. The amount of total loss of nutrients, P, K, N in the erosion classes of Hamoon wetland 

	�J�+ ��$�%& )�$1401  

?,� �95��
 )�� �	
��� ,� 	 V+*�+�S �;+*$ )��7�T� g�, �+�5�J e]4 �$ ,� �\�;  <4 )��7�T� g

	 	4 k�/�/ V+" PW5� �"0 	�J�� ,�4W5�?� �+�vj �\�;  -��9S ,�Z;
X�� �+�5�J ?� �0�� ��J, ?��� �

 V+*�+�S 	�
 �$��4 V+� ),�?� g?,� � W5� �+��H�0 )�$��4 ?� ���f�5� � �\�;  V+� -��4"���/  )�,���

 C�"S ."$� ,��T �
 ,����� ,� X�� �+�5�J C��;4 g?,� ?�11 	5 V����S )�$��4 ?� ������4 M+ �;+*$ �

 =?� �7;  ������4 M+ V�
{/ �;+*$ �C�"S V+� e�5�� .W5� ���4 �,��� �, d�5��& � �f@J �=?� �7; 

65100  �f@J �7;  � C�+, ,�*$183582  d�5��& �7;  � C�+, ,�*$217700 .W5� C�+, ,�*$  

 C�+^11.  ��4 WH�T C�5 �+�vj �\�;  V����S )�$1400

Table 11. The price of fertilizers replaced food elements in 1400  
WH�T ::9;
 �)?,���4 ��+�H' =�
"� W4�0 ?� 	�J��� �$1400 

��4 ^��  �7;   
 ,� �\�;  "\,�

�+��H�0 ��4  

 )�� ��4 ,�"G


 ������4 M+ V�0��

�7;   

	��,�+��j WH�T )�

(C�+,/������4)  

<4 WH�T  

(C�+, ,�*$)  

�,��  =?�  0,46  2,17  30000  65100  

 =�f@J �&�5

<�+�/  
�f@J  0,46  2,17  84600  183582  

d�5��& =�f3�5  d�5��&  0,5  2  108850  217700  
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 C�"S12  �3��>
 h��
4 ,,"$  )��7�T� g?,� -�*�
 �,��� 	 ,� �+�5�J e]4 �$ ,� �\�;  <4 ��J

W5�?� g?,� -�*�
 V+���� .W5� 	�����& -�
�$ IY�/ ,�"G
 	 	�J,994  e]4 	 F��
 C�+, �,����


d4 � ��+? ���� �+�5�J -�*�
 	 d4 ���� �+�5�J e]4 	 F��
 -�*�
 V+�/32  .W5� C�+, �,����

  

 C�+^12��J,,"$ ��4 )��7�T� g?,� . e]4 ,� X�� �+�vj ��\� �\�; -�
�$ IY�/ �+�5�J )�$  
�+�5�J e]4 � ="0e]4 W
]   V (C�+, �,����
)

d4 ����I32  

d4II  127  

K5��
III  120

��+?IV  364

��+? ����V  352

<4 :HS  994  
Table 12. Total wasted economic value of the main soil nutrient elements in Hamoon wetland erosion classes 

	�J�+ ��$�%& )�$1401  

4 ;7� .  
 ��]  -�
�$ IY�/ �#�� �9;S ?� ),��@ =]#�
 -"
� "+"& m � �-�;4�5 W��>
 � W�;
� � d�G�@
 =���`{/ �

�
 )�� �+�5�J	�/ <�#�/ � �+�5�J ,� IY�/ V+� ��@ �a�,� ��+? d.5 .��0	5�
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