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Wetlands are important global ecosystems that are expected to be very vulnerable 

to fires caused by climate change. The adverse effects of climate in recent years 

have increased the fire occurrence danger in Hamoun wetland. One of the 

methods of predicting the occurrence of fire is the use of fire weather indicators 

such as FWI. This index, which is widely used all over the world, evaluates the 

effect of these factors on the risk of fire by considering air temperature, relative 

humidity, wind speed, and precipitation. In this study, after preparing FWI daily 

raster layers in the Hamoun wetland, new thresholds for different classes of fire 

danger were estimated. Then, the ability of the FWI index to predict the 

occurrence of fire based on new thresholds was done. Among the meteorological 

parameters, the monthly average wind speed has the highest correlation with the 

monthly changes in the FWI index. The average total value of FWI is more than 

70. The cumulative distribution of FWI values in the region showed that for 75% 

of days (between 1998 and 2021) FWI value is greater than 47. The value of FWI 

for the northern areas is much higher than the southern areas. The results of the 

Mann-Kendall trend test show the increasing trend of FWI. The results showed 

that there is a significant difference between the new thresholds and the standard 

threshold values. So that the very high danger threshold, which is equal to 38 in 

standard conditions, has reached 105. Validation results showed that the AUC 

criterion in predicting the very high danger of fire, considering the new threshold, 

will reach from 0.576 to 0.834 in standard conditions. It can be said that the new 

threshold of FWI has been able to predict the danger of fire in the Hamoun 

wetland with good and acceptable accuracy. 
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1 - Asadi Oskouei et al. 
2 - Global Fire Emissions Database. 
3 - Randerson et al. 
4 - Giglio et al. 
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1 - Lawson and Armitage. 
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1 - Van Wagner and Pickett. 
2 - Ntinopoulos et al. 
3 - Vitolo et al. 
4 - Javanshiri et al.  
5 - McElhinny et al. 
6 - Tylor. 
7 - Skill Score: SS 
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1 - Wilks. 
2 - Taylor. 
3 - Vitolo et al. 
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1 - Sensitivity. 
2 - Fücsök et al 
3 - Specificity. 
4 - Parikh et al 
5 - Pham et al. 
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 �	��.$FWI !�� �T 9��1998  �-�2021  A>�� �O	�K& �� p�: � VD�: ����#	� �� 9��D

VO
 ,D ,��� �D .N�� �%
 ���� ���& ,&���$ R@�&�@$ ��$��2R@	�� 
 ,&���$ [���$ ��%.$ R	��FWI ��$ �� 9��

��$ �� �4 ��%.$ R	��>�D  � ,	��L � ,	�&�l%&�� 9���� �4 :� W� .N�� ���� �� N��S4 � 9>�� 9��  N�� ����*

 VO
)2,D .(��$ ��G� �� 
��*��T ;8�
 �	��.$ ��FWI  F��@@E� %&�� .N�� ���@D p�: ,D NU#& VD�: ����#	� ��

 ;8�
 ,&���$ 9��-�FWI  P��D � �U#& ND�T� 
�$� 
��D N��� ����
��� 9����$���� ,&���$ F��@@E� %&�� �D

 .N�� H����$  

                                                      
1 - Hanley and McNeil. 
2 - Nahm 



  

  

  

  

54  -------------------  �� ��	
���
� �

���  ����13 ����� �39���	� ��� 1403  

 

 

F(� 2:  �"��7� �<�
�� !�G<��� RN��FWI L�, �� -�
1998  �6�2021 I
K � F)�K ��G&H"��� ��  

  

 ;8�
 ,&���$ F��@@E� �D �� ���#UG� R	���@D ��D N��� ,&���$ [���$ 
����
��� 9����$���� R@D ��FWI  ����

 !�%�) ��D3,D a	��& ,D ,����D .(N���$ �%$4 NQS ���� ;8�
 ,&���$ 9��-� F��@@E� %&��FWI  F%
 ,D ,D

.N�� ,�#D�� ��D N��� ,&���$ [���$  �$� 
�4 :� W� ;8�
 ,&���$ F��@@E� �D �� ���#UG� R	���@DFWI  N
��

 !�%�)3 ��%.$ ��� 9�$� � ��D N��� 3	�KL� �D .( ;8�
FWI ) 3	�KL����#UG�  � P��D 3	�KL� �D �$� 
(NUk$

 ��%.$ �U#& ND�T� ;8�
FWI ) 3��*���#UG� �%�) NL�	 (�Q�$ !3.(  

L�+M 3 :Z"�V  RN�� �<�
�� �,'&� !�) ��G&H��
FWI I
K � F)�K ��G&H"� �� �,�5��'
 -�
�&����
 �<�
�� �,'&� �)  

 ��D N���  �$�  �U#& ND�T�  P��D 

���#UG� H	�=  

 

95/0 86/0 77/0- 48/0- 

  

�"J �<�K�� -�&,� -�
FWI 

,	> 9�78 v@Mx� �D���� ,&�:�� 9���� 9�� V@�M�:�D 9��ECMWF ERA5 FWI  �&�O$ p@OQ� �:�%&� �D25/0 

,	> 
,���v@Mx� ,&�:�� 9���� 9�� �%
FWI  v@Mx� P�� �	�&��� �D�	:�� a	��& .%
 ,@�� ,?-�7$ ���$ ,.7�$ ��

 VO
) ���@� ����G& �� �783) !�%� � (4���� �	��.$ ��U�D g��D �78 v@Mx� P�� .N�� �%
 ���� ���& (�� 9

ECMWF �4 � �%
�%���$ �	��.$ ,D �� ��p	�K& �%
 VO
) N�� ���* ��3,D c(���@� ����G& 
 ��K@$ ,* 9��T

 � ���#UG�RMSE  �	��.$FWI ���� 9��D 9��ECMWF,D 
 :� H@���88/0  �23  ,D96/0  �13  N-�` ��

v@Mx� VO
) %@�� �%
4 �	��.$ 9�78 �&�O$ <	:�� .(���@� ����G& 
FWI ECMWF  �� ,?-�7$ ���$ ,.7�$ ��

 VO
3 ,D .N�� �%
 ���� ���& �	��.$ ��*��TFWI ECMWF �%���$ �	��.$ :� ��G* .(�Q�$ �78 ��%.$) ��D �%


 �	��.$ 9�78 [���$FWI ECMWF !�� �T 9��1998  ��2021  ~�U	�.� ,.7�$ ��10 - .��D  
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F(�3 �"��7� �H"�7� �(\9 ?�,) �'��= ���'�< :FWI ECMWF ^��_= � OQ �+�ECMW Corrected �+
�	� �"��7� �) �	7< � �+�

 �"��7� -�EN �<�(� `"K'= �,'&�FWI ECMWF (?,�� ?�,) ��6�E� ��'� �7E5� ��  

  

 %?D ,* ��� ���& �78 v@Mx� P�� �	�&��� �D�	:�� a	��&:�  :� F���$ ��G& 
�78 v@Mx�72/0  ,D91/0  3	�KL�

VD�6,�
�� ,���  !�%�) N��4���� 9��D �78 ,&�@$ � R@�&�@$ R@�{G� .( 9��FWI ECMWF  :� VU6 N-�` ��

�78 v@Mx�1 ,D :� H@���52/9 -  �01/7-  ,D02/0  �67/0 ,D a	��& ,D �C& .%@�� �78 v@Mx� :� %?D N-�` ��-

N���$ 
�%$4���� �	��.$ N�� ,�#&��� �D�8 ,D �78 v@Mx� P�� NQS ���� 9��FWI ECMWF  ,D � v@Mx� ��

�%���$ �	��.$,	> 
R	��D��D .%�* p	�K& �%
v@Mx� ,&�:�� 9���� 9�� �%
FWI  �&�O$ p@OQ� �:�%&� �D25/0 

V@�M� 9��U$ 
,���.%��L�S ���6 9%?D 9�� 

L�+M4 :�<������� -��) ���4� ���< � �EN !�G<��� � -�
FWI ECMWF �EN ^��_= K� +�) � F�2 ?6�0 ��  

 
�EN �<��� �EN !�G<��� ���4� ���< 

�EN ^��_= K� F�2 01/7 -  52/9 -  72/0  

�EN ^��_= K� +�) 67/0  02/0 -  91/0  

 

�"J -���Q F���= �<�K�� -�&,� -�
FWI 

,	> 9��$4 V@�M� a	��& 9���� 9��,&�:�� FWI  VO
 ��4  VO
 ,D ,��� �D .N�� �%
 ���� ���&4 V* [���$ 


 ��%.$FWI  :� 3@D ,.7�$ ��G� ��70  VO
 ) N��4�$ R@�{G� .(�h NG� ,�.& 
 ��%.$ NQS ����FWI  9��D

�-�G
 �`��&�D��� �`��& :� ��>�D H���$ ,D �� VO
 ) N�� ��4R$ %&�� ��$:4 a	��& .(�h NG� ,�.& 
 !�%�*

���& �	��.$ ��	�KL� %&�� �%���FWI 
) ��D ,?-�7$ ���$ ,.7�$ ����� �� VO4.(N��� NG� ,�.& 
  

                                                      
1 - Before 
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F(� 4:  �"��7� �,'&� �<�(� `"K'= �	7<FWI ) L��&0� �"��7� �<�(� `"K'= �	7< �(\9 ?�, �	7<) �7E5� ��P-value +<�� O'�KQ (

!� (?,�� ?�, �	7<) L�+5D  

 �	��.$ �&����LFWI  VO
 �� ,?-�7$ ���$ ,.7�$ �� �4 �?GZ� <	:�� �5  �	��.$ �&����L .N�� �%
 ���� ���&

FWI �$ ���& ,.7�$ �� ,&�:�� �&����L R	���@D 
%���	��.$ FWI  ,��� ��40  ��50  ,��� �� �4 :� W� �50  ��

60  VO
 ) N�� ���� ��5 �	��.$ �?GZ� <	:�� .(�h NG� ����G& 
FWI  ,.7�$ �� 9��D ,* ��� ���&75  %]��

!�� �T) ��:�� 9��1998  ��2021 ��%.$ (FWI _�KD :� ��47  VO
 ) N��5 �S� R	��D��D .(N��� NG� ����G& 


 !�%�) ���%&���� F�.UT )��� �D �� 3�4 5�6� �78 B@���YD13@� (:�� V* 
B@	�G& ��@D ���$ ,.7�$ �� !�� 9��

��@#D �78 �D F�.UT �� ,?-�7$ �$ ���6 %	%
 � >�D F�.UT 
,.7�$ [	��
 )��� �D ,* N�� :�@& R	��D��D .%&�@S

X	�?� 3�4 5�6� �78 :� 9%	%� ,&���4 � �%
 �	��.$ ���D >�D .��
 ,U��M$ F�.UT 9��D 9%	%� 9��FWI 

,&���4 ,D NU#&3�4 �78 ���%&���� 9��� :� �*�` �4 �����?$ ��	�KL� %&�� R@�{G� � 9:��3�4 �78 3	�KL -

.��D %���8 ,.7�$ �� 9:��  

 

F(� 5 �"��7� �<����# ���'�< :FWI  .(?,�� ?�, ���'�<) OQ ����= `"K'= ���'�< � (\9 ?�, ���'�<) �7E5� ��Q1 O�	< �+5
�

�� L�� c��9.+��)  
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�<�&,Q-�
 �EN @=Q ;'2�-K',  RN��FWI   

 !�%� ��5 �	��.$ 
,&���49��  X��Y$ F�.UT�78 3�4 5�6�9:��  ;8�
FWI � p�: � VD�: ����#	� �� 9��D 


����v@Mx� � v@Mx� 9�� �%�&FWI ECMWF  !�%� ,D ,��� �D .N�� �%
 ���� ���&5VD�6 F��Q� 
 R@D �����

,&���49��  �	��.$ �D X��Y$ F�.UT,&���4,D .���� ���� ���%&���� 9�������,.UT 9��D ,&���4 ��%.$ 
!�k$  �78 �D

 >�D ��@#D��  �D��D ���%&���� N-�`38,	> ,.7�$ V* 9��D ,* �-�`�� 
v@Mx� 9���� 9���%
1 �D��D 
105  N��

 !�%�)5 �	��.$ .(,&���49��  �	��.$ �D ~�U	�.� VD�: ����#	� �� X��Y$ F�.UT,&���49�� ,	>v@Mx� 9���� 9�� -

 �%
FWI  !�%�) N�� �D��D5VD�6 ,�O& .( ,&���4 ��%.$ ,* ,O�	� ,���FWI  N-�` �� %	%
 �78 ,.UT 9��D

 �D��D ���%&����50 �� N�� :� ���@D F>�` �	�� �� ,&���4 R	� ��%.$ ,* �-�`214  �	��.$ :� ,?-�7$ R	� �� .N��

,&���4 9��FWI ����4�D,	> ��?	 ,.7�$ V* 9��D �%
v@Mx� 9���� 9�� �%
FWI .%
 ���Q��� 

L�+M5 :�<�&,Q-�
 �EN @=Q ;'2�-K',  RN��FWI���� � I
K � F)�K ��G&H"� �� -��) �^��_= � ^��_= -�
 �+	<FWI ECMWF  ��

�7E5� ��6�E� ��'�  

 
�7�� RN�� -+5)FWI 

*D ���N  

 

*D  

 

�,'&� 
 

J�) 
 

J�) ���N 
 

+"+� 
 F)�K 4 - 0  4 -16  43  -16  106  - 43  236  -106  ≥ 236 

I
K 4 - 0  15 - 4  42  -15  101  - 42  225 - 101  ≥ 225 

����^��_= -�
 �+�FWI 

 

4 - 0  4 -16  43  -16  105  -43  236 - 105  ≥236 

����^��_= -�
 �+	<FWI 

 

4 - 0  15 - 4  40  -15  97 - 40  214 - 97  ≥ 214 

�7�����+<�&,� -+5)  

 

2/5 - 0  2/11  -2/5  3/21  -2/11  38  -3/21  50 - 38  ≥ 50 

 

�5,���&���  �<�&,Q�EN -J�) ���H) @=Q ;'2�K',-  

 !�%� ��6  VO
 �7  a	��&��U���Z���  ,&���4�78 9>�D ��@#D 3�4 5�6�:�� ���& ,?-�7$ ���$ ,.7�$ �� 9

 ,&���4 ,� 9��D �Z����U��� .N�� �%
 �����78  ���%&���� ,&���4 
>�D ��@#D38���� ,&���4 
v@Mx� 9���%�&2 

97 ���� ,&���4 �� 9��v@Mx�%
3  105 3@� !�G�`� .%
 ��Z&�3�4 5�6� v@M] ��@DN@��#` �	 9:��4  9��D

 �D��D ,&���4 ,�100  !�%�) ��D %]��63@� !�G�`� .(3�4 5�6� �%� v@M] ��@D;@Y�� �	 9:��5  ,&���4 9��D

105  ��%.$ �D67 ,&���4 �	�� ,D NU#& %]�� !�%�) ��D ���� �� 9���D ��O�G� ��6� .(!�G�` ��%��  5�6� A��*

3�4 9:��PFA  ��%.$ �D85  !�%�) N
�� �� ��O�G� R	��%D 
���%&���� ,&���4 9��D %]��6(.  ,* N�� �-�`�� R	�

 %	%� ,&���4 9��D105VD�6 ��%.$ ,D !�G�`� R	� 
 ,D � ,�L�	 3��* �����33  !�%�) %@�� %]��6 � ��O�G� .(

N6� ,&���4 ��* 9���78  ��%.$ H#` �D >�D ��@#DAUC  ���M�$  9��ROC  VO
 ��6  !�%� �6  ���� ���&

 %	%� ,&���4 .N�� �%
105 ��%.$ 
AUC  :� ��5764/0 VD�6�@o N6�) ,D (!�U68341/0 ���& ,* %&��� �%���

                                                      
1 - Corrected FWI ECMWF. 
2 - Not Corrected FWI ECMWF. 
3 - Corrected FWI ECMWF 
4 - Sensitivity. 
5 - Specificity. 
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VD�6 � A�8 N6��$ !�U6 VO
) %
�D6  !�%� �6�$ R	��D��D .(���� v@Mx� NQS ����:�� 9�� ,&�FWI  W�� �

,&���4 R@@?� ,&���4) %	%� 9��105N�� HU� ( R	��>�D ,D �D�	AUC .N�� �%
 

L�+M 6 �<�&,Q ��5,���&�� X"�&< :�EN J�) ���H)  

�<�&,Q 

 

?�,�H0 

 

R��	= 

 
PFA AUC Confidence interval 95% AUC 

105 100 67 33 8341/0  8325/0  - 8357/0  

97 100 63 37 8163/0  8146/0  - 8179/0  

38 100 15 85 5764/0  5752/0  - 5777/0  

  

  
 F(�6 :�5�5�  -�
ROC  ��"��7� AUC F3�0 ��5,���&�� �<�&,Q-�
 �EN  ���+<�&,� �<�&,Q -��) J�) ���H)38  �<�&,Q �(P��2)FWI 

ECMWF ^��_= �+	<97  �<�&,Q � (P�,)FWI ECMWF ^��_= �+�105.(���,)  

-��f ���&<  

:�� � ���	D�� 3�4 �78:��9 ���
���� ��D9 %$	�	N G�� :� 3�4@N >�D�	 ��D .N�� �����8�D9 �	R  
��C�$

 ;8�
FWI  ,D  �����	O� B�$ :� ��	R ;8�
 ��D ��9 3@���@D 3�4 �78 :��9 ,D ����#S ��T ���� ����� ��

$ ���6 ���Q��� ���$�S@�� ,* ��� ���& a	��& . R	���@D ��D N��� ,&���$ [���$ 
����
��� 9����$���� R@D ��

 ;8�
 ,&���$ F��@@E� �D �� ���#UG�FWI ����3���� a	��& ����� R@G� �� . ����OG� � )�-����@�&1)2022 K@& (

 ,* ��� ���&��#UG�� �	>�D ��@#D D@R FWI ���� ���� ��D N��� �.  

 ,&���$ F��@@E� 9��-�FWI  R@�{G� .N�� ����* � ��	�KL� 9��-� p	 
�$� � ��D N��� 9��-� F��@@E� ,D ,@U


�$ �D�8 ,D �78 v@Mx� P�� ,* ��D �4 :� �*�` a	��&,	> 9�78 %&������� ,&�:�� 9���� 9�� V@�M�:�D 9��

ECMWF ERA5 FWI  �	��.$ ,D � ���� 3��* ���%���$,D .%�* p	�K& �%
	��.$ [���$ ��T ,&�:�� �FWI ���� -

 V@�M�:�D 9��ECMWF ERA5 
 �:�%&� ,D ~�U	�.�10 �%���$ �	��.$ :� ��G* %`��,�@$: R@G� �� .N�� ���D �%
 

����OG� � ��@-� p$2)2020(  �	��.$ ,* %&��� ���& ��8 3���� ��FWI ,U��M$���� :� ���Q��� �D �%
 9��

ECMWF ���� �D ���U$ F�U��M$ �D �D�8 N.D�7$����#	� 9�� ���� ����
��� 9��)q�7$ 9�78 [���$ �D5  �

                                                      
1 - Ntinopoulos et al 
2 - McElhinny et al 
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���Z&� [���$7/3 -.(  ��%.$ ��� ���& a	��&FWI �-�G
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