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Understanding changes in climate and the factors affecting their occurrence is of 

great importance. In this study, the trend of spatiotemporal changes in the parameters 

of average temperature, precipitation, relative humidity, number of dust days, 

maximum speed, and wind direction from 1987-2023 at 13 stations in the western 

half of Iran was investigated using Mann-Kendall statistical methods and Sen's slope, 

and their relationship with each other was analyzed using the Pearson correlation 

method. Using the Mantel linear test and the Geo-Detector (GDM) geographical 

classification method, the effects of teleconnection indices, including QBO, IOD, 

BEST, and NAO, on the aforementioned parameters were investigated. The results 

of the spatial fluctuation analysis using Sen's slope test showed that more than 85 

percent of the area of the study area had an increasing trend in all parameters. The 

Mann–Kendall test showed that the highest increase and decrease in the parameters 

were related to the Sarpol-e-Zahab and Dezful stations, respectively. Pearson 

correlation analysis showed that the highest values of the correlation coefficients 

were between relative humidity and all parameters, which was inverse and 

significant at the 0.001% error level. Among the parameters, wind speed played the 

greatest role in the occurrence of dust storms, and its effects were observed in 74.9% 

of the study area. According to the results of the Mantel test, among the parameters 

studied, the highest correlation of the teleconnection indices with dust frequency was 

established, covering 69% of the study area. Ranking of the dominant factors on 

climate change with the geo-detector index identified the independent factor IOD as 

the superior and influential factor in the distribution of these changes. The findings 

of this study can help understand the climatic factors that influence changes in 

climate parameters. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Understanding the temporal and spatial trends of climate impacts and recognizing the factors 
influencing their occurrence is of great importance. The temporal and spatial variation of dust events is 
dependent on numerous climatic and terrestrial factors (Guan et al., 2017). In recent decades, global 
warming and climate change have caused an increase in temperature, a decrease in rainfall, and 
frequent droughts. Following the occurrence of these droughts, the dust phenomenon has also 
increased (Achakulwisut et al., 2018). Climatic characteristics and their dominant elements play an 
important role in the occurrence and distribution of phenomena (Mahdavi, 2018). Most studies related 
to the analysis of trends in climate variables have been based on Mann-Kendall tests and linear 
regression. Therefore, the main objectives of the present study are to use two methods, the Mantel test 
and the Geo-Detector index, to investigate the temporal and spatial changes of climate variables with 
an emphasis on the frequency of days with dust storms in the western half of Iran. 

 

MATERIALS AND METHODS 
To determine the correlation between climate variables with horizontal visibility, data on average 
temperature, precipitation, relative humidity, maximum speed and wind direction were used for the 
36-year statistical period (1987-2023). To investigate the climatic causes affecting these climate 
variables, monthly time series data of bivariate ENSO (BEST), Indian Ocean Dipole (IOD), QBO 
index and time series of North Atlantic Oscillation (NAO) index were used. The Mann-Kendall 
method and Sen's slope were used to investigate the temporal trends of selected climate variables. To 
analyze the linear relationship between climate variables and teleconnection data, the Mantel test (a 
widely used method for testing the linear correlation between two matrices) was used (Meng et al., 
2022; Yang et al., 2023). Finally, the factor detector was used to determine the contribution of 
teleconnection patterns to climate variables. 
 
RESULTS 
The results of determining the trends of temperature, precipitation, relative humidity, dust occurrence, 
maximum speed, and wind direction metrics for the statistical period 1987-2023 showed that the 
changes in correlation coefficients fluctuated greatly during the statistical period. The trend of dust 
occurrence correlation in many of the studied stations is almost in line with the trend of changes in 
climate variables, which indicates that climate changes are in line with these fluctuations in the 
selected stations in western Iran. The results of determining the trend using the nonparametric slope 
test showed that the precipitation parameter at Kangavar, Kermanshah, and Dezful stations has a 
decreasing trend, which can lead to a decrease in water resource storage and a decrease in river 
discharge. The existence of an upward trend in the temperature parameter for 53% of the study area 
can cause an increase in evaporation and transpiration, followed by a decrease in water resources and 
pressure on groundwater. Wind speed had the most significant relationship with the frequency of dust 
storms, and in 96.2% of the study area, it had the highest correlation coefficient with dust occurrence. 

 

CONCLUSION  

Since climate is affected by multiple parameters, climate change cannot be the result of only several 
specific components, and it is the effect of various parameters that causes climate change in a region. 
The findings of this study can help decision-makers in developing strategies and measures for 
sustainable water resource management, reducing and controlling the risks of dust, drought, and 
flooding, and discovering climate factors affecting changes in climate variables. 
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 7�0,2:  ��QPD�:��; BEST O1'��) �2 �
K .�'��2 ��+� g�I�� :x��% <��;�!�&�  
q –statistic value 

!��P � �
� C ��! K!�  �%� ��  CM� ��  CB

 ��&�J8�  
**95/0  1 *80/0 1 1 99/0 <��� � X1 

99/0 1 78/0 1 98/0 1  6���� X2 

*89/0 1 52/0 1 96/0 98/0  <��J  X3 

98/0  1 64/0 1 99/0 1  
M���% !;�  X4 

51/0 61/0 30/0 61/0 56/0 59/0  Zf8� X5 

42/0  63/0 37/0 63/0 50/0 62/0  Zf
� �
P �� � X6 

63/0 68/0 43/0 68/0 68/0 68/0  T��6� X7 

17/0  48/0 14/0 48/0 43/0 30/0 W%
M%�! X8 

63/0 67/0 33/0 67/0 62/0 63/0  <�
'��  X9 

69/0 88/0 67/0 88/0 86/0 84/0  �����%
� X10 

67/0 92/0 59/0 92/0 67/0 *83/0 !��&�� X11 

42/0 47/0 38/0 51/0 51/0 51/0  ���] A:

  X12 

99/0 1 57/0 1 1 99/0  <�3�'
;�J% X13 

                                 �1�� *** � ** �*  K����2fU' �� ^�D�D 05/0 �01/0  �001/0 .01I9
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 ��VI9:�  

99/0  1 84/0 1 1 99/0  X���2Z 

99/0 1 62/0 1 98/0 1  Y�+
� 

98/0 1 73/0 1 95/0 97/0  X�I92 
**99/0  1 77/0 1 98/0  1  �#	
�� �012 

51/0 81/0 23/0 81/0 76/0 80/0  _.:� 

35/0  50/0 31/0 50/0 43/0 50/0  _.'� ]�R ��2Z 

50/0 46/0 45/0 64/0 63/0 64/0  7+)Y� 

44/0  54/0 39/0 54/0 53/0 45/0 `��#��� 

63/0 66/0 37/0 66/0 57/0 60/0  X���
� 
*71/0 89/0 54/0 89/0 80/0 80/0  ��	;���L 

58/0 92/0 38/0 92/0 84/0 85/0 ���V1L 

27/0  30/0 23/0 35/0 28/0 35/0  ]�
a >
�' 
***97/0 1 81/0 1  1 *80/0  X����'0�9� 

                                                   �1�� *** � ** �* �2 K��� ^�D�D05/0 �01/0  �001/0 .01I9
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!��P � �
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98/0  1 52/0 1 1 ***91/0 X���2Z 

99/0 1 58/0 1 **88/0 1  Y�+
� 
**81/0 1 35/0 1 **83/0 ***90/0  X�I92 
**83/0  1 49/0 1 97/0 1  �#	
�� �012 

45/0 63/0 18/0 63/0 48/0 55/0  _.:� 

37/0  64/0 14/0 64/0 5/0 64/0  _.'� ]�R ��2Z 

60/0 67/0 45/0 67/0 67/0 67/0  7+)Y� 

29/0  44/0 08/0 44/0 36/0 39/0  `��#��� 

64/0 74/0 41/0 74/0 68/0 68/0  X���
� 

59/0 78/0 41/0 78/0 60/0 67/0  ��	;���L 

76/0 96/0 49/0 96/0 91/0 81/0 ���V1L 

61/0  68/0 48/0 70/0 61/0 70/0  ]�
a >
�' 

97/0 1 46/0 1 1 ***97/0  X����'0�9� 
                                                    �1�� *** � ** �* �2 K���fU' �� ^�D�D 05/0 �01/0  �001/0 .01I9
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85/0  1 99/0 1 1 1 X���2Z 
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98/0  1 99/0 1 1 1  �#	
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48/0 48/0 04/0 48/0 48/0 48/0  7+)Y� 
*99/0 99/0 99/0 99/0 99/0 99/0 `��#��� 

99/0 99/0 99/0 99/0 99/0 99/0 X���
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*99/0 99/0 *99/0 99/0 99/0 99/0 ��	;���L 

***99/0 99/0 99/0 99/0 99/0 99/0 ���V1L 

99/0 99/0 99/0 99/0 99/0 99/0 ]�
a >
�' 

98/0 1 *99/0 1 1 1  X����'0�9� 

                                           ���� *** � ** 	* 
� �
����� 
� ����� 05/0 	01/0  �001/0 .�����  
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Flood is one of the most catastrophic natural hazards worldwide that can easily have 

devastating effects on human lives and property. The frequent occurrence of this 

hazard makes it necessary to develop accurate flood hazard maps for better 

information dissemination and disaster preparedness and mitigation. The proposed 

research work is to analyze the flood susceptibility assessment in a mountainous 

environment. Therefore, this study aims to apply machine learning models (MLM) 

and geographic information systems (GIS) techniques to predict flood hazard areas 

in Ilam province. Two ML algorithms were used for flood susceptibility mapping of 

Ilam province: random forests (RF) and artificial neural networks (ANN). Sixteen 

continuous parameters and different categorical variables were identified to assess 

the correlation between these variables and flood events in the study area and were 

used as inputs to run the two models. A total of 1042 flood and non-flood points 

were randomly selected, 70% and 30% of which were used as training and validation 

datasets. Also, the results of the error rate of the proposed algorithms were 

considered, clearly showing that in the RF model, MAE, which is equal to 0.0889, 

and RMSE equal to 0.1872, have the lowest value, R2, which is equal to 0.8423, has 

the highest value, which performed better compared to the ANN model. The value of 

the research lies in the fact that the proposed models can also be used to assess 

natural disasters such as earthquakes, landslides, etc. In addition, this work makes a 

significant contribution to the efforts to reduce the risk of natural disasters. 

Therefore, it will help to increase environmental sustainability. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Flooding is one of the most destructive natural disasters in the world due to its severe property 
destruction and loss of life (Zanchetta& Coulibaly, 2020), and causes severe damage to infrastructure 
worldwide every year (Desai et al., 2015). Awareness of the flood phenomenon and its consequences 
is crucial for controlling and reducing flood risk (Marz et al., 2010). Flood susceptibility maps 
facilitate risk management decision-making (Wang et al., 2020). The Niger Basin was assessed using 
three machine learning models and twenty factors. It was found that areas near the river are more 
prone to flooding, and the extreme gradient boosting model performed best (Adeyemi & Komolafe, 
2025). The Ili River Basin was investigated using machine learning models, and about 58.8% of the 
basin is located in flood-prone areas (Zhang et al., 2025). Ilam Province is one of the flood-prone areas 
of the country which can be He pointed out the November 2015 flood and the spring 2019 flood, 
which were unprecedented in the last 100 years and caused widespread destruction of homes and 
urban and rural infrastructure. Despite warnings and precautions, the November 2015 flood claimed 
the lives of several people in late 2019 (Salamati Hormozi et al., 2017). 

 

DATA AND METHODOLOGY  

The method of the present research includes creating a flood inventory map, identifying variables 
affecting floods and multi-lineage detection, validation, and accuracy analysis, or evaluation of flood 
sensitivity maps, etc. The models used to produce flood sensitivity index maps include the random 
forest model and the artificial neural network. The results of machine learning prediction and 

statistical modeling are significantly affected by the accuracy of historical flood location data (Liu et 
al., 2021). Flood-vulnerable areas in this model are divided into two zones based on historical and 
geoenvironmental data (Benkirane et al., 2020). Due to the topography and mountainous nature of the 
region, as well as the lack of Sentinel 1 satellite images at the time of the flood in the area, Google 
Earth Engine software did not perform well. For this reason, and using expert opinions, the Maxent 
model was used to extract flood points. Here, the geographical locations of 424 historical floods were 
taken from the Regional Water Organization of Ilam Province, and the Maxent model was used to 
prepare a flood inventory map. These floods were divided into two groups. The first group included 
70% of the flood data and was used as the training dataset, and the second group included 30% of the 
remaining data and was used as the validation dataset. In addition, 617 flood-free points were 
randomly selected from high-altitude areas with low or no flood probability. In this study, R software 
was used to determine the importance of parameters, and two models, RF and ANN, were 
implemented in the R programming environment. 

 

RESULTS AND DISCUSSION 

16 input layers were entered as independent variables into the modeling process. The importance of all 
factors was determined and is shown in Figure 1. The relevance of each factor for both models was 
assessed using R software. 
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Figure 1: Relative importance of conditioning factors: (a) RF. (b) ANN Source: Authors 

 

Using criteria such as MAE, R-squared, and RMSE, the model results were quantitatively validated 
against the flood inventory map. Table 1. 

Table 1: Accuracy evaluation of the two RF and ANN models for training data through different error 
criteria 

ANN RF Model 
0.2591 0.1872 RMSE 
0.7056 0.8407 R squared 
0.1628 0.0889 MAE 

 

Flood susceptibility maps were generated for both the random forest and artificial neural network 
models. The maps showed a continuous probability scale from 0 to 1. 

Table 2: Flood susceptibility statistics with the RF and ANN models 
Model Flood susceptibility Area (km2) Percentage  (%)  
 
ANN 

High 1958.08 10.2 
Moderate 355.158 1.8 
None/Low 16933.53 88 

 
RF 

High 2687.99  13.9 
Moderate 4460.82    23.2 
None/Low 12097.98   62.9 

 

CONCLUSION  

The random forest and artificial neural network models were built using a spatial database, whose data 
includes 16 topographic and geoenvironmental factors affecting floods and 1041 previous flood 
events. The experiments did not show evidence of multicollinearity between the identified 
conditioning factors. The validation findings showed that the two models performed significantly 
better. However, RF was more efficient than ANN in terms of computational efficiency, prediction 
accuracy, and other evaluation criteria. This was shown by the value of R2 = 0.8407. This is because 
training the model with RF requires less execution time. The identification of key factors such as land 
use, elevation, and topographic wetness index (TWI) has enhanced the understanding of flood 
dynamics in the study area, and the results also showed that approximately 10.2% to 13.9% of the total 
area is highly vulnerable to flooding. 
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���J	 � 	�� ��>� /� _N   ���N w�� A��) �� �.
 ���J	 � ��) �.!" ) v���   �	�\���0-  �@IE� #�<-� .	�<

�- #��D ) ���B  #��N1394Ea\.  �= )�B  ��$�1398  �	  �
 	�\� ���<�100 J� V�)�� �- �@��) �GD   ��	��!m 

/   V/�E� �	��>(!AJ�)� �.
 �$<
 ��) �  -! ��<�	 ���\. �� ��  ��   A)�- Y^� $\D   �.����.�F��  �����

) �����(�B  #��N1394   V�) �J� �1398 �Ek #��!= ��0)) A��( �� �%�- "��.
  �#����\.  1396 .(  

  

���� L�� � �
  �
  

��B�*� ��:� ���=��  

� #��)�!�0 � ���
 _�^ �	!�#�� � u��� ���
 �� /�� Y.- �<�� �?�>� �
-  	 �?20,150 
������    p���2,1 

� P<�R �� ���
 B
 A?�>� /� �&�	- �.	.  F�C�G� ��31    ���	58 K	��@  �D34    ���	15 K	��@  ���

��\<-   45    ���	24 K	��@  �D48    ���	10K	��@ ) B�< A)� pK�  V�+1?��� .(-  #��)� u�< V�\<   V�\<

�!�0 ���>.�
- ?���  - O��� /� #��)� _�^   _�^ _�E�- ��D M�%D�� Y
   A>R�B !���� ��. �	�D .A)�
 ��^- 

�	 /�!�
 ��!����� �	  !�
 )��� (����� v���- �.
 �R�!"
 ���>�/  - �	 � #��)�- ���< ��  !F��� ��	�)- �	  !�
 

��Q&   c�)
 ���#��> ��" f��� �	 �.
 ���>�/- ��$�  
 ��>��D �	   ���Hx�� ��. #�< ��( m*) #- 	�< .

� �	 ��< A*H ���N   F��0+� s�)���!��'�> )��R�E�S �!�0�  ��	 L�I� ��
��?6/40>�) ���	�s�  BK��?  

 ��	 L�I�6/12- >�) ���	�s� �   �	���'���= (�����- � ��w�)!= �!��'�> 595 ���-��� A)� ���	  
 _N��. 
 

�   S�J��\� S�J- �<���� .��+�
�- � #��)�!�0 �.�?�  ��Q� ��
 �����������!�-  �?�   	 ��)(#��>.�
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	 ��!� �.
 "
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 >@D�Y �- 	�<. Y$� ��\� /� �D!= ���J	 � �.-! ����� {	 �Q� �	 �
��-! � #��)�!�0  /� �


�E��	 �.
 ��\<- ��E�  - *
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� � �\�k�)- (����� �- #��D ) z��J	 � ������\  	!���  ����Ek�#�����N ����'Ek

���\ )  ��� �) 	�
 ���<� ...  �(�S ��R  �#����\.  1393� #��)� .(!�0 !�- #��)� /� �.
 )�BJ�" A)� �� �
�	�B 

 !(g- �.
 ���(�R�D- �K�  �\- yw�\,� H�D AQD�� )�_0 � ���K- (�	�) .�B �.
 	�,��
  �
 �	�	 c� ��<}( �	

�- #��D ) ���_0 �.
 V�) �.
 68-73 – 94 – 97-98  402 ���<� 	�
 F���>J   !�<�
 #�>�� #�� �� /   �.!� 
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1 Zhang 
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 AD�1 .��B�*� ��:� �C*>� :,�-='��Q' : S�>�  

  

L�� �N�>�  

f �)�E<- .����/�) B��<- �
- P. gR =!� � B��< �
 A)�!	�� 	���� ��@�
 )��B �)�E<-! �����.�
  �H��

) ���B G�D  �� IJ�Ek-� �E)��*���- �QD  �B  AK	!� /��!��- �. ��@�
 )�>?�A ) ���B ^  ��� A)� 

) V ��1  .(V�� �.�� 
 �	�� ��
��� ��<
 ��D�� ) �� s�>? �J�< ��@��B )FSI (�ED��*�  B'E� V��  /�

)B�< -��EC� -*C� ��*<   -�	�CD2.(  

�:4:� �	C'. N�A  

A$� gD���)� #	�� �H��
 �.
 ��!�!A P.�
   B�)"�D   |�	 �!��QD �B  ��@�	����
 )�B >����  .A)� Y$�

) M�K �B
�. ��<}(� ����� #��E���.�
 	 � 
 ��� Y$�
  �*)�Q�B�) A�)�>? � B\�- �E
 )���)�
 1  

 �#����\.2022.( ��D�� A)�$� ��@� 
	���� )�B )FIM�� (�
��+-� �	�	 /��.
 )�B �*K- !S  ��J�) �@IE�

A)� ��< �\?�)2 �#����\.  2022�� B�) A!�!�� .( �B�) -G!��D 
�.�� � /� -��J |�	 �� /��� �g!  ��+

#��� -!�)�E<   ��E!N F���d��� �H�D AQD yw�\�?� �
 	��	 -!�.-� ���K B�) �(����. ��@� ��	��
 )��B D��0+�- 

� Y.���-
�E \+� �D�#�E (	��N �
 	�< B&�?-� /��   PE
� !��- �� ��� �Hx� ��+
 H�D P.�
�� )�B  ��< �����

A)� F0R)3 �2002 .(��@���	��
 	����
 )�B � ��= ��	�� ��@� A\) �� ��(
 )�>?�A �\?�) A)�-   

 �#����\.2016.( $D�� 	���� ��@�
 )�B ���E�/� !S  �!	�� ��� .A)� ��Q� �	�	
 �E)��*���   f/��N-  �H��

	���� �V��
 )�B �� #��E�!S ? �"��D�- � B\�- �EE
 �0)�)4 �#����\.  2021
	��� o5 �#����\.  2017 .(

                                                      
1 Costache 
2 Ahmed 
3 Plate 
4 Islam 
5 Mojaddadi 
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��<}( 
�.	��J� AQ& )��B ���K   AK	�A \+��#�E )N�m}R!�
 )�B �	 N!��E ,D ����= �-  �E
)   ��
��)

V�����1 �2020� (��!b R�P ��E- =�<�� 
��(	�! V��   /�)
 ���N
 �� B��K ��+ $��D- H�D AQD�� �	�	 AK	 �.
 

) #����B ��D!G- � ���K- (�	� ���)2#����\.  2021 .()N L+�E��m }R!� ) ����� �	�B� � �	!= V���  s�)� ��

�	�	 �.
 ��D!G- Q����  �I-   	 ���@IE� )1^ (�B��K� )�B )2) (�B "�J >@D�Y �- ���< )�E��#�� 3  

�#����\.2020����.�� �! �CD 	�*� =�Ea\.   �@IE� #	�� -���>.�
   -���(�R�D �� ���D �� .( BE��E) 
�1  �	

��� ��@IE� �	 B�) M�K  #��/��"�� ��� ]�� B(�(�= (GEE)4  /� �	�%�)� ��   B��	 =�\. �� .�E�<��� -��J 	���\�

 V�� /� �#�)�E<��
 �d� AE>�� .�< �	�%�)� B�) ��@� ���G�)� A$��	 �!��E �,K���A �������-!424 )�B 

��D!G- �@IE� _N #��/�) /� �
  #��)��0!� AE>�� V��  5 ���
 $D��  ��@�
	���� )�B �< ����( .�!= 

)�_0 �(  	 �� �.>@D � �Y  B��< V � � �( .���<70 �	�	 /� �&�	 �.
 )�B 	�� �
 �� �	�	 ���\�� #��E�

</��N-  B��< � 	 � �(   �< �	�%�)�30 �	�	 /� �&�	�.
 K��- �� �
 	�� ������E)��*��� �	�	 ���\�� #��E�- 

�< �	�%�)� �=!� �� � 0� .617 �� B�) # �� �I@�%D�� L+�E� /� -�	�CD ��+ B�) # ��  �! B�) Y
 V�\�?� �� p

�!"�D .���< _�G���  B�) M�K  #��� �
 A)� B�) 
	���� L�K	 ��@� S! �"��>� �B�) A�)�>? L�K	 B��QD

 ��,��I� =!� �	 .�.	 #��� ��424 .�< -!�)�E< B�) #��� �I@�  

  

 9�=41A�N I�N�<5 I��Q' .��O U%�N �� �V:� A��:� :  
SO�>�  �	C' ��:� .�
 (��' �
 ����   

  

  

Search.asf.alaska.edu/#/  

 -���(�R�D A��+� �J�< �M�%D��TWI #��D �J�< �

 #�!��SPI ��*< Y
��D ��EQ�� �m�< A$� �m�< �

 
���\.�� �J�< �-\��	 ���J	 � /� ��&��   -��./

�"������ F �%�� A��+� �J�< �-���(�R�D ���<

=��/ �#�!�� A$��-!��'\.-)�E< 

ALOSPALSAR  
(D.E.M./12.5 m) 

1  

Google Earth Engine   ��@�NDVI  Sentinel 2 (10 m) 
Google Earth Engin 

2 

Google Earth Engine   ��@�LU/LC  Land use/Land 
cover(10 m) 

3  

�	�	 -)�E<��. 
�.  -(����� ��@�  �	�	-(����� 
�.  4  

�	�	 "
��)  ISRIC(#�$� |�J F��0+� �  |�J A���  �	�	 |�J 
�.  5 

=��/ #��/�)#��!� -)�E<  =��/-)�E<  =��/ F��0+�-)�E<  6  

                                                      
1 Sarkar& Mondal 
2 Liu 
3 Benkirane 
4 Google Earth Engine 
5 Maxent 
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 AD�2 J
��
 L�� � ��:� ::#�(����'� :p*E�  

  

�+)�6 �
. J
��
  

(��6O�� *X=>E�  

� �	!= � �� �� ��,��I�!= R ����P ����Y . �
�� '�>�� - IJ- ��= �.����� H�D �
 A<�	 �.��G� 	�� �� ��G�- 

V�� �� �.
 )�>?�A  �,��I� 	��� �@IE��<�� ��<�	 )B�<3 .(V ��)2( ���!b "�D!��QD �B IJ�Ek- 16 B��� 

m)�E� )�B  ��-� #��� .�.	 TOL ��� �\.��.�
 � �	 �	�%�)�	���!= /� �Dw�� �,��I�262/0 #��� �
 A)� ��E.	

IJ�Ek 	��  ���- ��= �!= �����.� ����E� .A)�!�= �\. /� �� V�� ��?�� �	 �$�N/�)
 	�
 �	�%�)�!Y.  
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 9�=42: Z�G6���G��A *X=>E� N A��:��A1    

��[+� 

VIF  ���\

�*X  

�� 
TWI 78/1  561/0  

NDMI 26/1  790/0 

NDVI 48/1  677/0 

Rain 37/1  727/0 

Slope 97/1  506/0 

Soil 21/2  451/0 

SPI 6/1  623/0 

TRI 23/1  813/0 

aspect 02/1  978/0 

Curvature 36/1  733/0 

distance_r 31/1  764/0 

drainage_n 19/1  837/0 

elvation 81/3  262/0 

FlowDirect 03/1  972/0 

geology 03/1  970/0 

lulc 48/1  675/0 

 AD�3�6Z�G ���:�' ::��[+� �*X=>E A���G�  

  

�
�+����
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� ]���G  

Y�!��'�� A�\.� =��,D 
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�.����� ��� /� P. gR =!� �	 .	��	 	��  ��!�R S! �� �H����"��R   
���

 .A)� ��< �	�%�)� �.������R A�\.� =��,D  

�	C' � ^�+>� .�
�+����
 �)��� ,\ .�
 �
 

�J�< �.
 )�B   s�)� ��!(g- �. �@��s� �	�	 #	�� s��)	 �	   �,��I� 	��� �@IE� ) ���< _�G��� �.-!��1  
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�. �	�,�� -����� F��.���   �,��I� 	��� �@IE� �	 -G!��D 
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 ��}(��H�D B���- ���J	 � /� ��&�� �m�< A$� �m�< �M�%D�� ��/ 
����
 ����.�� -(����� =�'���� ��. �|�J A��� �=

=��/ �-.��( P<�R ����J	 � F��K �J�< �EQ��   #�!�� A$� �-���(�R�D A��+� �J�<�#�!�� A$� �-)�E<

��@� 
���  .�< _�G��� B�) A�)�>? 
��	���C%� e�<- �	�	 /���@�   A)� ��< ����� �$�N p��E�   �. �.
  �\.

_�G��� B����B�< �	 ��< )4(  A)� ��< �	�	 #���.  

  F�RG��:  
�.������R /� -�! M�%D��	����
�R A)� �@IE� S! _0�) V��E
 
���
 B���� /� -�!      -!��)

 �#����\.2016 .(��QO�  ��*D�� �V�\,� ��+- ��= )   M�%D���B 	��	 	�� o /!�� �R F���%D�� �� L+�E��!=  �	 �D

�@�!�>  ��,� �	 �Dw�� F���%D�� �� L+�E� �� M�K  �IJ)�B �E�>.  �#����\.   n�� )2021 	 o2 �#����\.  

2015) B�< (4 .([��  

                                                      
1 Bui 
2 Dou 
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^��:  �
 A)� =!� -(����� �� m�< �I��� .A)� �H�� -�!��� ���. F�,��I� �	 �
 A)� -���(�R�D B���� /� -�!

�� -(����� i�%�-�\?�) A)� m�< ��H�D AQD Y�@�>� ��+1 �#����\.  2019.(  �/ �k �.!� ����� �� _N i�%� ��<

QI)- �� A��)   ��\
!#� � _��� �   _N���� �- 	�< 
�\Q�)2  �#����\.  2020 .(#����\D ��E.	!B �/�=  ��

�!=�G �R � ��� L+�E� �� _N�!=A)� �D )�� �( ��$�R  3� 2009.(� ) �,�>� L+�E��B ����� �/ �	�= �.
  lI>�

!A�� �- ���< =���k)4 �#����\.  2019) B�< (4 .(_  

:^�� I#4 �� B��� =!�  �#����\.   -�\?�) m�< =�!�R A$� -�
��+2019 (��  #����- � .�.	!=  F�< �� Y.

(�����- �������� �,)�D �� Y.  !�- H�D�� �- ( 	��}-%)�!)5 �#����\.  2020 .(�/ A$��= �-\$� P@� ����D- 

 �	B�) A�)�>? ��@� �<�� ��<�	o /!�� �� A$� ��!#� � ����� _N-	�<  �#����\.   �0)�)2021 B�< (

)4.(�  

  :�>�'� .U�&   _�Q� ��,@� lI) :A)� ��< B���D A\>K �) /� �EQ���� #��E�  �H�� _��� � #�!�� �� �
 -�����

A)� -�   -�) �<�� ��%� B�) �� s�>? L+�E� ��G�D �	 ����D6 �#����\.  a 2012� .(�EQ�
 �� �� #0R!#�  _N

 �	!S ,� �@IE��= H�D�� �- � �*)�Q� /� �R .	��}(!= B���	�@� �!� #��� �%&>� �IJ ��E.	��� ) Y$��B A)� .

) B�<3.(F  

 :�'�X��� (� ��_�)���J	 � #�!�� ) �E�>. B�) ���GD -�&� 
�.��>� �.=��R �7  �#����\.  2009 o(/!��  L+�E�

)N�m }R!� )�B  �.�$�   ���J	 � F� ��� �	 yw�\,���< pK�  ��� )���N!��-8  �#����\.  2021.( ) B�<4.(]  

 :�	D
( �D�� `1��G#�!�� �� -��./ Y
��D �-(����� -��'E. -� ��H�D � � 
�. .	��}( _0�) �@IE� 
�.  m�^� 
�

) �E�>. T*D�� -��./ �@IE�   -�	 S�R ���@� ��N!��� ��
  !�>%-9 �2017Y�>�) .(  m�^� [�,O -��./ 
�.

-� �@IE� S! �	 � ��� B�) #�< 
���   ���J	 � #���+ �� ��E� ) 	�<2018 ��w���
10 �#����\.  2018  .(

) B�<4 .(�  

 : �-='��Of��� -� ����R =��/ -QI) 
�.�E!��� �� �� �� �
 A)� -�!��� ���. -�&� ����� �.	 )10�R��� �'D11 �

10�2012(   ���) M�K  V�\�?�B H�D�� �- 	��}( ��� )12 �#����\.  2022 .(�	�	 �.
 (�����- F�,��I� �	 yw�\,� 

 B�) ��@� ��$D� �����E(- ���<o /!�� �� ��+@�>��Y >���R ���B )�B �E�>. ��*D�� �	 ���)13 �#����\.  2022 .(

) B�<3.(�  

                                                      
1 Rahmati 
2 Mohammadi 
3 Gruber & Peckham 
4 Choubin 
5 Yousefi 
6 Lee 
7 Opperman 
8 Andaryani 
9 Ayalew & Krajewski 
10 Komolafe 
11 Teegavarapu 
12 Verma 
13 Bera 



40   ��G�A (��6O�� N�<5�I N �O�A )��PG AQ>4 (� ���R+N� �O� �P� �D�� ��...  

 :�3��� .�O��1 #�"�� �� �
 A)� -���� -O��� 
����
A)� �H�� -(����� /� B&�? _��� �   i�%� ��
�/�
)1  

 �#����\.2015) B�< .(4 .(e  

 :a�X I)�O\$� P@� �
 _N i�%�- ��D �	�� (����� _��� �- �!�% �-  ��E
����+ @�>��Y dED |�J ���J T)�D�Y 

�- 	�< �q����)2 �#����\.  2019) B�< (4 .(c  

�'�X��� ��=b cX�� :SPI !�- 	!�' �.������R /�
 ��������!S ��� �
 A)�
 R�P��E- )�B � �	�%�)�- 	�< 

) B�<4.(	  

�Z�B���' ���R+� �
��- J�:
 cX��) �=�NDVI 3(: NDVI   BE��E) �! �CD ��2   -���� e�O  ��10  �� ���

 /� �	�%�)�	"� "��K # 	�� ����!S )NIR- B8 ����   ("��K )B4�< �*)�Q� ( �!	��N)4 �#����\.  2016 o=!��5  

�#����\.e 2017 .(( P<�R�.�- �">� P@�-! )��� �	- )�>?�A ) ���B 	��	 #�.��)6 �#����\.  2018 B�< .(

)4 .(i  

 �)��-:
:G IO:�� cX��(TWI 7): ���(�R�D A��+� �J�<- )TWI,� (���
 ��� �
 A)�
 ,D��= \
�A H�D�� 
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In recent years, there has been a notable increase in the intensity and frequency of 
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utilizing daily temperature data from the Era5 database, covering the period from 

11/10/1357 to 10/10/1402. Following the year 1377, the frequency distribution of 

maximum temperatures exhibited a notable shift towards higher values, accompanied 

by a reduction in seasonal temperature differentiation. This transition resulted in a 

change in the temperature distribution from a biexponential to a uni exponential 

model, as well as an increase in leftward skewness within the temperature 

distribution. The frequency of 37 degrees Celsius experienced the most significant 

increase, recorded at 0.5 percent, while the frequency of 1 degree Celsius 

demonstrated the most substantial decrease, exceeding 0.3 percent. These observed 

changes may be attributable to local factors, such as urbanization and desertification, 
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significant El Niño events. An examination of the thickness of the 850-500 

hectopascal layer indicates that the spike in maximum temperatures in Iran in 1998 is 

not merely a localized occurrence but rather a manifestation of global climate change 

that has disrupted the previous climatic equilibrium. These changes indicate the 

widespread and continuous effects of global warming on the climate of Iran and 

beyond. 

 
How to Cite: Khorramabadi, F., Keikhosravi-Kiany, M. S. and Masoodian, S. A. (2026). Analysis of changes in 
the frequency of maximum temperatures in Iran.  Journal of Natural Environmental Hazards, 15 (49), 55-74.  

 

© The Author/Authors  

DOI: 10.22111/jneh.2025.51939.2114 
Publisher: University of Sistan and Baluchestan 

  



56  Journal of Natural Environmental Hazards, Vol 15, Iss 49,  September 2026 

EXTENDED  ABSTRACT 

INTRODUCTION 
One of the most important challenges in human preparedness to face climate change is understanding 
the behaviour of extremes at the local scale. Extreme temperatures affect energy, health systems, and 
agriculture, thereby straining resources and the economy. Understanding the probability distribution of 
temperatures in the coming years, including extreme temperatures, plays an important role in the 
adaptation of humans and ecosystems to climate change (Guirguis et al., 2018: 1). In addition, under 
climate warming conditions, the characteristics of climate extremes will change; in particular, the 
intensity and frequency of high temperatures and heavy precipitation will increase, which will have 
potentially harmful effects on nature, the economy, and society (Delgado-Torres et al., 2023: 1). The 
impact of global warming on extreme climates (such as heat waves and extreme precipitation) is 
greater than on average climates, and the probability of extreme weather events will continue to 
increase in the future. The increase in extreme weather events has adverse effects on human society, 
health and well-being, economy, and natural ecosystems (Darand, 2020: 1). In recent years, various 
studies and research have been conducted on temperature changes and extreme weather events around 
the world (Easterling et al., 1997; Seneviratne et al., 2021; Sanchez et al., 2023). In the present study, 
an attempt has been made to analyze and investigate the frequency of temperature changes in Iran in 
detail.  

 

DATA AND METHODOLOGY  

To conduct the present study, the daily maximum temperature data of the ERA5 database from 
11/10/1357 to 10/10/1402 for 16436 days over 44 to 64 degrees east and 25 to 40 degrees north with a 
spatial resolution of 0.25×0.25, was utilized. Only the pixels covering the Iranian territory were 
utilized to examine Iran's temperature characteristics. To extract the daily maximum temperature from 
the ERA5 database, we extracted the hourly temperature for each day and considered the largest value 
among the 24 data on each day as the maximum temperature of that day. Also, to investigate the 
relationship between temperature changes and atmospheric thickness, geopotential data of 850 and 
500 hectopascal levels, respectively as ground surface and middle layer atmospheric levels, were taken 
from the ECMWF database daily and at a spatial resolution of 0.25 × 0.25 degrees in (NC) format. 
Programming operations in the Python software environment were also used to process and analyze 
the data. 

 

RESULTS AND DISCUSSION 

In the initial phase of this study, an analysis of the general structure of maximum temperatures in Iran 
was conducted by calculating the average maximum temperature for each day across the country. The 
resulting time series of temperature data was smoothed using a 365-day moving window. This 
examination of the smoothed time series revealed a notable increase in maximum temperature in the 
year 1377, which is distinctly observable within the data (Figure 1). To assess whether this 
temperature increase in 1377 is consistent across the entirety of Iran, a maximum temperature dataset 
with dimensions of 81×61×16436 was utilized. The smoothed time series for maximum temperature 
was computed for each grid cell using the same 365-day window, followed by the standardization of 
the smoothed temperature array. Subsequently, a principal component analysis (PCA) was performed 
on this standardized dataset. The results indicated that the scores of the first principal component were 
consistently positive before 1377 and predominantly negative thereafter. Furthermore, the 
investigation into temperature anomalies across Iran demonstrated that a significant temperature 
increase has been recorded in 45% of the country's area since 1377. To explore the potential causes of 
these temperature changes—whether they are attributable to factors such as urbanization, 
deforestation, desertification, the desiccation of lakes, and other anthropogenic influences, or whether 
broader climatic patterns are at play—data on geopotential height values over the Northern 
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Hemisphere at the 850 and 500 hectopascal levels were extracted. The atmospheric thickness in these 
two layers over Iran and the Northern Hemisphere was subsequently calculated. The findings indicate 
that atmospheric thickness over Iran has experienced a significant increase since 1377. Consequently, 
the year 1377 can be regarded as a jumping point in the temperature time series for the Northern 
Hemisphere, as the temperature values in the lower atmosphere are directly influenced by atmospheric 
thickness; thus, an increase in atmospheric thickness correlates with an increase in temperature. 

 
Figure 1. Smoothed time series of maximum temperature in Iran based on Asfazari data Era5 dataset. 

 

CONCLUSION  

This study analyzed daily maximum temperature data from 11/10/1357 to 10/10/1402, covering a total 
of 16,436 days, to investigate changes in maximum temperature characteristics in Iran. The smoothed 
time series revealed a significant increase in maximum temperatures in 1377, which was evident 
across most regions of Iran. Upon standardizing the data, the principal component analysis indicated 
that the scores for the first component were consistently positive before 1377 but became negative 
thereafter. This shift resulted in a frequency distribution of maximum temperatures that leaned towards 
higher values, with an increased occurrence of temperatures exceeding 23 degrees. Additionally, the 
seasonal temperature variation diminished, transforming the temperature distribution from 
biexponential to uni exponential, which reflects a reduced difference between hot and cold seasons. 
The thickness of the 500-850 hectopascal layer suggests that this temperature shift has also impacted 
the lower half of the atmosphere, highlighting the global nature of the warming phenomenon. 
Furthermore, the temperature jump in 1377 may be associated with the strong El Niño event that 
occurred that year, potentially influencing broader global climate change, disrupting the previous 
climate equilibrium, and leading to a new climatic state.  
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The expansion of settlements along riverbanks and drainage channels, as well as 

indirect interventions in large and small catchment areas that drain the surrounding 

mountains, have disrupted slope stability, destroyed vegetation cover, compacted 

soil, and altered the profiles of waterways. These factors have increased vulnerability 

and intensified the impacts of sudden floods. This issue has become particularly 

critical in recent years, as intensified droughts have diminished public awareness of 

the occurrence of consecutive and heavy rainfall in some regions. Consequently, 

unauthorized construction within the riverbed and its buffer zone has increased, 

changing the flow and sediment transport potential and disrupting the balance of 

these aquatic ecosystems. Under these circumstances, rivers reclaim their natural 

rights according to flood return periods, severely affecting any existing 

developments within the floodplain. This study is categorized as applied research in 

terms of its objective and as exploratory research in terms of data collection. It 

involves field visits, data gathering, and the analysis and interpretation of qualitative 

data. To this end, in the first step, by analyzing the content of field visit reports from 

flood-prone villages across the country, the main challenges related to flood risk 

reduction were identified. Then, based on the findings and the recognized need for 

the regulation and dredging of rivers and drainage channels in vulnerable rural areas 

nationwide, the February 2025 flood event in the Pirbazar River was examined and 

analyzed. Finally, recommendations were provided for policymakers and local 

authorities to strengthen resilience against floods. 

 
How to Cite: Falahati, F. (2026). Sustainable management of flood-prone areas with a focus on the impacts and 
damages caused by the Pirbazar River flood. Journal of Natural Environmental Hazards, 15 (49), 75-96.  

 

© The Author/Authors  

DOI: 10.22111/jneh.2025.52056.2115 
Publisher: University of Sistan and Baluchestan 

  



76  Journal of Natural Environmental Hazards, Vol 15, Iss 49,  September 2026 

EXTENDED  ABSTRACT 

INTRODUCTION 
Due to the location of population centers near water resources, rivers, and streams, the vulnerability of 
these settlements to flood hazards has increased. In recent years, climate change has further raised the 
probability of extreme events, including flash floods. Meanwhile, the expansion of settlements along 
riverbanks and streams, and indirect interventions in large and small catchments that drain surrounding 
mountains, have disrupted the balance of slopes, destroyed vegetation cover, compacted soil, and 
altered channel profiles, resulting in increased vulnerability and intensified impacts of flash floods. 
In recent years, in particular, the intensification of droughts has diminished public perception of the 
risk of heavy and successive rainfall in some regions, which in turn has led to increased unauthorized 
constructions within the riverbed and floodplain. Consequently, changes in flow and sediment 
transport potential have disrupted the balance of these aquatic ecosystems. Under such conditions, 
rivers reclaim their natural course according to their flood return periods, severely impacting existing 
structures within the floodplain. 

 

DATA AND METHODOLOGY  

This study is an applied research in terms of its purpose and is classified as exploratory in terms of 
data collection, involving field surveys, data collection, and qualitative data analysis and 
interpretation. 

In the first step, quantitative content analysis was used. The statistical population in this part of the 
study consists of field visit reports for 1,418 villages at risk of natural disasters in 31 provinces, which 
were studied and visited under the project titled Identification, Prioritization, and Action Plans for 
Villages at Risk of Natural Hazards. This national project was conducted using field, administrative, 
and software-based methods, and based on Clause 8 of Article 27 of the Sixth Five-Year Development 
Plan of the Islamic Republic of Iran, the National Disaster Management Law, and the National Hazard 
Atlas, aiming to identify and propose solutions to reduce priority natural hazards in rural areas. 

 

RESULTS AND DISCUSSION 

Content analysis of the field visit reports showed that out of the 1,418 villages studied nationwide, 
1,169 villages (82.4%) are at risk of floods, 638 villages (45%) at risk of earthquakes, 393 villages 
(27.7%) at risk of slope movements (landslides, rockfalls, etc.), 33 villages (2.3%) at risk of land 
subsidence and sinkholes, and 18 villages (1.3%) at risk of shifting sands (Figure 1). Therefore, 
flooding is the most widespread hazard occurring nationwide. 

 
Figure 1: Common hazards in villages at risk of natural disasters and hazards. Source 

The results showed that river and stream management (26.05%) and dredging, cleaning, and removing 
obstacles from riverbeds and streams are the top challenges nationwide in flood risk management and 
reduction (Table 1). Despite efforts made to dredge rivers and streams across the country, incidents 



Sustainable management of flood-prone areas with a focus on the …. 77 

such as the February 2025 flood in Gilan Province and the overflow of the Pirbazar River demonstrate 
that this challenge continues to play a major role in increasing flood-related damages. 

 
Table 1: Most common required actions nationwide for flood risk management and reduction 

Code Main Category Frequency Percentage 

1 Observing riverbed and riparian boundaries 352 8.04% 

2 River and stream management 1,140 26.05% 

3 Implementation of watershed management projects 751 17.16% 

4 Implementation of elevation coding 266 6.08% 

5 
Designing and implementing surface and subsurface water collection and 

drainage systems 
445 10.17% 

6 Educational, cultural, and promotional activities 288 6.58% 

In this event, the overflow of the Goharroud and Zarjoub rivers and subsequently the Pirbazar River 
led to severe flooding of streets and residential units, especially along the rivers, rising water levels up 
to bridge decks, damage to natural resources and the environment, contamination of flowing waters 
due to sewage inflow, large-scale erosion and loss of fertile soil from the watershed by the rivers, 
damage to infrastructure, contamination of drinking water, blocked roads, and evacuation of 
residential units along the rivers in Rasht. Studies indicate that the lack of dredging and management 
of these rivers, failure to observe riverbed and riparian boundaries, changes in erosion and 
sedimentation conditions, channel shifting, lateral and longitudinal displacements, formation of 
shortcuts, changes in bed levels, alteration of sediment gradation, and transformation of channel 
geometry are among the main factors that have intensified the impacts and consequences of this flood, 
increasing damages. In addition, in some areas, such as the central square of Pirbazar city, the 
elevation level of construction relative to the riverbed is lower, which, given the unmanaged river 
conditions, has resulted in water overflow and inundation of built-up areas. 

Another notable aspect of the flood was the deterioration in water quality due to the mixing of sewage 
with surface water resources. Because of the high runoff volume and prolonged water retention on the 
ground, especially due to the full capacity of wetlands and lack of proper drainage, water quality 
parameters significantly degraded during this flood. 

 

CONCLUSION  

In this study, the results and specialized reports of field visits to 1,418 villages at risk of natural 
disasters in 31 provinces were reviewed and content analyzed. The analysis of natural hazard 
frequencies in different provinces showed that flooding is the most widespread natural hazard 
nationwide. By examining aggravating factors, related challenges, and mitigation strategies, it was 
found that despite efforts made so far to reduce flood risk, river and stream management, dredging, 
and enforcement of riverbed and riparian boundaries remain top priorities for flood risk reduction. The 
February 2025 flood in the Pirbazar River clearly exemplifies these challenges. 
Given the financial constraints and high costs associated with post-disaster recovery and 
reconstruction, and the necessity of proactive planning and action for disaster prevention and risk 
reduction, this study presents recommendations for policymakers and local authorities to strengthen 
resilience against floods. 
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The Qarah-Aghaj basin, as one of the most significant watersheds in Fars Province, 

has experienced numerous destructive flood events in recent decades, causing 

extensive damage to regional infrastructure. This study presents a comprehensive 

analysis of flood behavior in the Qarah-Aghaj basin through an integrated approach 

that evaluates four statistical distributions: Gumbel Type I, Generalized Extreme 

Value (GEV), Generalized Pareto (GPD), and log-normal. The distribution 

parameters were fitted using three distinct methods: Method of Moments (MOM), L-

moments, and Maximum Likelihood Estimation (MLE). The goodness-of-fit was 

rigorously assessed through multiple criteria, including the Kolmogorov-Smirnov 

test, Akaike Information Criterion (AIC), and Root Mean Square Error (RMSE). Key 

findings demonstrate the superior performance of the GEV distribution in flood 

modeling for this basin. The GEV distribution showed optimal agreement with 

observational data, as evidenced by the lowest Kolmogorov-Smirnov statistic (0.058) 

and AIC value (234.5). Furthermore, it provided the most accurate predictions with 

an RMSE of 112.3 m³/s and a positive bias of 2.1%. These results indicate heavy-

tailed behavior in the flood frequency distribution, primarily attributable to unique 

geomorphological characteristics, including steep slopes (mean 12.5%), high 

drainage density (1.8 km/km²), and extensive karst formations (covering 

approximately 60% of the basin area). The analysis underscores the necessity of 

employing advanced distributions like GEV for complex hydrological systems in 

arid basins such as Qarah-Aghaj, potentially reducing computational errors by up to 

20%. The study conclusively establishes that a single distribution cannot be 

universally applied across all arid basins, emphasizing the critical importance of 

considering basin-specific characteristics in flood frequency analysis. These findings 

provide a scientific basis for updating flood management standards in similar 

regions, with significant implications. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
The primary challenge in flood management of arid basins lies in the substantial uncertainty 
surrounding peak discharge predictions. The Qarah-Aghaj basin, as one of the most significant 
watersheds in Fars Province, has experienced numerous destructive flood events in recent decades, 
causing extensive damage to regional infrastructure. Field observations at the Tang Karzin station 
reveal that recorded floods, particularly the extreme 1986 event with a discharge of 6,409 m³/s, 
significantly exceeded values predicted by conventional distribution models. This study provides a 
comprehensive analysis of flood behavior in the Qarah-Aghaj basin, where recent catastrophic events 
have exposed critical limitations in traditional frequency analysis methods. By integrating advanced 
statistical approaches with detailed physical basin characterization, this research addresses existing 
knowledge gaps through systematic evaluation of GEV, Pareto, log-normal, and Gumbel distributions, 
while offering operational solutions for regional flood management based on statistical findings. 

 
DATA AND METHODOLOGY  

The Qarah-Aghaj watershed, located in the central portion of the Mond basin in Fars Province, was 
selected for this investigation. Four statistical distributions were employed for extreme flood 
frequency analysis: Gumbel Type I (Eq. 1), Generalized Extreme Value (GEV) (Eq. 2), Generalized 
Pareto (GPD) (Eq. 3), and log-normal (Eq. 4). Parameter estimation was performed using three distinct 
methods: Method of Moments (MOM), L-moments, and Maximum Likelihood Estimation (MLE), 
optimized through the log-likelihood function log-L(θ) = ∑ log f(x_i|θ). Specific parameter 
calculations included: 

(1)  F(x) = exp[-exp(-(x-μ)/σ)] 

(2)  F(x) = exp{-[1 + ξ((x-μ)/σ)]^(-1/ξ)} 

(3)  F(x) = 1 - [1 + ξ(x-μ)/σ]^(-1/ξ) 

(4)  F(x) = Φ[(ln(x)-μ)/σ] 

(5)  L(θ) = Π^{n}_{i=1} f(x_i| θ) 

Where x represents flood discharge random variable and θ denotes the parameter vector (location μ, 
scale σ, and shape ξ). Distribution fitting quality was assessed through multiple criteria including 
Kolmogorov-Smirnov test (α=0.05), Akaike Information Criterion (AIC), and Root Mean Square 
Error (RMSE). 
 
RESULTS AND DISCUSSION 

Analysis of 55-year instantaneous peak discharge records revealed significant flow variability within 
the basin. Comparative evaluation of GEV parameter estimation methods showed 5.3% variation in μ 
and 10.7% difference in critical ξ parameter estimates. For the 1000-year return period flood, 
substantial discrepancies emerged among distributions (Table 1): 
 

Table 1: Predicted discharges (m³/s) for the T=1000-year flood in Qarah-Aghaj basin 

Distribution Discharge Deviation from GEV 

GEV 11,098 - 

Gumbel 8,750 21.2% lower 

Pareto 12,450 12.1% higher 

Log-normal 10,530 5.1% lower 

The GEV distribution demonstrated superior performance with optimal goodness-of-fit (KS=0.058, 
AIC=234.5) and highest predictive accuracy (RMSE=112.3 m³/s, positive bias=2.1%). In contrast, the 
Gumbel distribution showed systematic underestimation (negative bias=12.4%, RMSE=185.6 m³/s), 



Uncertainty Quantification in Extreme Flood Prediction: Geomorphic …. 99 

while the Pareto distribution exhibited overestimation tendencies (positive bias=5.8%). These results 
unequivocally demonstrate that the GEV distribution's incorporation of the shape parameter (ξ) 
enables superior modeling of heavy-tailed flood behavior in complex arid basins like Qarah-Aghaj, 
potentially reducing computational errors by up to 20%. 
 
CONCLUSION  

This study establishes that the Generalized Extreme Value distribution with positive shape parameter 
(ξ=0.18, p<0.01) provides optimal flood frequency analysis for the Qarah-Aghaj basin. The heavy-
tailed behavior primarily stems from unique geomorphological characteristics, including steep slopes 
(mean=12.5%), high drainage density (1.8 km/km²), and extensive karst formations (≈60% basin area). 
Comparative analysis revealed that traditional Gumbel distribution may underestimate 1000-year flood 
risks by up to 40%, emphasizing the necessity of basin-specific approaches that account for: 

* Distinct geomorphological features 

* Nonlinear hydrological system behavior 

* Combined climate change and anthropogenic impacts 

These findings provide a scientific basis for updating flood management standards in similar arid 
regions, with particular implications for critical water infrastructure design and risk mitigation 
strategies. The methodological framework developed through this research significantly advances 
predictive accuracy in extreme flood estimation for water resource management applications in water-
scarce regions. 
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�� 4	 ����� 3����� ���� ��6�� ��? 
 += ��
��� �� P-
Q7 ��� �� ���\6�� ���
 .�-

�?� 4hJL �[	��/ .�- �
 4�f�� .�  .���?��� ���� �� ���\6�� �? P-
Q7 �-. ?�� 4hJL �[	��/ �. �����6H 

-��6

��. q�B ���	�� E�\B��) 740 �� ^1� �� �6
���?= 45�/ �� (�C ��2 � .3�� ��� ��O�� ;�<=�� �����6H 

���� �-. -��6

��. 
 ?�� 4hJL �[	��/ �. f��4� ��? ��.  ��
�55 ) 4L��1345 -1400 (
 49���� �-�� .��  4��UO


��I
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�� ������ .�/  ��5/35  �B6409 ��a �? b0@
�6
�4 
� 4	 ���?���� ��+, �B�	�
�6��8 1365 )6409 

��a �? b0@
�6
�4� (�C 3�� ��� 3Ra �= �� .���� �-. ?�� � �� 4�f�� �[	��/����6H q�B ���	��� MUN �� �7 �
=. �

���? ���
� 	�\�3 ��I
 ��6?� .3��� ���2��  Z
� �? G�7IQR ������� f�7 
�P ���? �? ��� .��� 7��6���  


�I
�4H ���� �? �-. @U	�� �� ���U6�� 
 3Jc. ��
��  ��
� ��55 4L�� gB��� ��������� . ��U- ��JL �� �-� ��C  �?

��
 ��
�= �� ���\6�� ���
� ���?� �6� 4	 ���v ���� ��6!�� 3HH� ��� ���-�. �� ��. ��
�� .��? ���� �-. 

?�� 	 Y�6�	 �?�\�3 �6R
� ��
�= �? �-. ��
=. 
 �-��� �? d?�1B 
����� +�<�� ����
) �-. ��?,�gB (���  .����

���� �-. � ����
) G�7�+, 6409 m³/s (Z
� �? �-. ) 3��?
�L-moments�JB (�T ����T��JB ���� �? .  .�-

 ��
�J
 4�f�� l��6
 �-�?= ���� ��O�� �@�:�L
���-��2 ;�<= 939/18 .3�� ��� ��
=�? 4���a �? b0@
�6
  ���I


��
�J
 �N
�! �-�?= Y��0
) ��
�J
 4? .�
�
 �-�?=  (��@/ 
 ��?= }��R
 .�-015/17  
 4���a �? b0@
�6


 ��
�J
 �� ��� ��L�B �L�! �-�?=928/1  3RH� �� 4	 4I1�
 +���
� b��5 .3�� ��� 4R��J
 4���a �? b0@
�6


4? Z��? AO/ 4? �?,�� �?� Y��0
 ���
= 3��64/3 �� �c������ 4	 3  4? Z��? T��RB ����7 ��6RH� �c�� ���-�

�
 45�/ ��� �� +���
�  .���?
��Q� �-. �c�� ��� �2� T
�� 45�/�A � 
 8�!�4U �8�! oB��w7���. f�?. 

�N��� � E�2
 
�+, �-. 
� 4�UN �� +�F
����  .�/6409 ��a �? b0@
�6
�4 ?= Y�� ��� 66 -65 
� ���?.  
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+,�� ���
��� T��JB .��?  �.�/ .�-��B �� S�M ��
=.  E�� TR
��1  41?��)1(� A�U0B .�/ ����I
 M���B 46���  

GEV  41?��)2( � M���BU0B �B��7�A �46�� )GPD(  41?��)3( X�L 
 Y�
��  41?��)4( .��6��� ���2 ���\6�� ���
 

M���B .�-�6
���7  ����? ���
 .�--�
�6�� Z
� 4� �?) �MOM�-�
�6�� �(. 1!� )L-moments �[	��/ 
 (

3��� �U��� )MLE .���� ���� Z���? (4�� ? �? �-�6
���7 3��� M?�B .��� ���U� log-L(θ) = ∑ log f(x_i|θ)  ��
=�?

.���� ����`U- M���B .�-�6
���7  
 (��L�S �������
 �������
) 4��U� .�-�
�6�� �� ���\6�� �? �-�-�6
���7. �B��M 

 G��c 4? TR
��μ = ̄x - 0.45σ  
σ = √6 s/π ��� 4R��J
�� 3��� M?�B 
  .��? ���U�GEV  41?��) ��5 ���\6�� (

.�����) �����1  �����@U- 
2024.��UL n2  �����@U- 
2024(.  

)1 (  F(x) = exp[-exp(-(x-μ)/σ)] 

)2 (  F(x) = exp{-[1 + ξ((x-μ)/σ)]^(-1/ξ)} 

)3 (  F(x) = 1 - [1 + ξ(x-μ)/σ]^(-1/ξ)  

)4 (  F(x) = Φ[(ln(x)-μ)/σ]  

)5 (  L(θ) = Π^{n}_{i=1} f(x_i|θ) 

41?�� ��� ��:�-  

��@
 �6
���7 (μ) ���� �3�� M���B ������
 �? Y��0
 4	 ���� 3�C	�
 ���-� �
 �-  .���?  

���I
 �6
���7 (σ)  ����U- 4	X�C? �B M���B ���0
 K��J�� �? Y��0
 �3�� �\c �� ���� ����	��7 �����? 
 ���?  .3��-

����eB ��o6
 (x) ���� �
 +,�� �?� ���-� ���?. 

T@� �6
���7 ξ �F�
 4	 �
 �3�� .�/ M���B E�� ����	 4	 �
���- :���? 46��� t�6F
 3L�/ 4� ����B  ξ 

X�C? 4���� E�� �� M���B ����? �\c �� �B3 3�� ����� �� �?. ��� ξ ����? �\c �?��? TR
�� E�� �� M���B  .��? �-��!

 4	 �6L�/ ��ξ 8S�	 Y�R��
 E�� �� M���B ����? �\c �� �B4 �
 ��B�	 �� �? ���?. 

T��JB ��� ��  ��-x  4?���� ����eB ��o6
 ����� 
 +,�� �?� ���-� θ ��@
 �6
���7 T
�� M���B .�-�6
���7 ����? 

(μ)���I
 �6
���7 � (σ) T@� �6
���7 
 (ξ) �� 46��� �h� ��. ��U� �? Y�U6/� �L��S M?�B (f) x_i|θ   ���� P��U�

�
 �= �� 4	 ��� θ  ����?.�-�6
���7 T
�� M���B (μ, σ, ξ) �
 T��JB �� .���? 4��U� .�- ��U� �? 4��U� ������
 �.� 

(x̄) ��U� �? 4��U� ���0
 K��J�� 
 (s) �
 ���� ���� FB �� �-�6
���7 ��� .����M���B Z���? 
 ��U  .��? .��
= .�-

���� T��JB 4? ��@�:�L
���- .�-+,�� 4? ��?�
 G�0L�1
 �� �Q�
 ����� ����� ��?��	 �.�/ .�-. 

M���B Z���? 3�\�	 �?����� ��
�= .�� ��O�� �\�6F
 .�-���0
 �� ���\6�� �? .��
= .�- K
���UL�	  - K����U�� 

(KS)  .�����0
 ^1� �?0�05 4?����� �@� �� Z
� .�- ��c� PO�� Z���? M���B �- ���
  .3��� ���2 ���\6��

���0
 �� ����`U-(AIC)  Y�
 4H��I
 .��?  4��� 
 �-������
 �1! G�0?�
 (RMSE) P�7 32� �?����� .��? ���?  �-

G�? Z
� �? 3�012 ��� T��JB .�� ���\6��  �? 
 ~�6��1000  T
�� 4	 ����� ��O�� ���@B���? 4R��J
  .�-

 ����UD�95 ��U	 .��? .����? ������� A���B 
 �c�� ��? 3�012 ��� .���. UD� 4�c�� ���I
���� 95  �c����?. 

                                                      
1 Gandhre 
2 Lymperi 
3 Fréchet 
4 Weibull 
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 ���B M�)� I�N: �
G &%G��> :�6 A�*�*OF�P �
�E����
G...  

?�� 1000 4? 4L��) G��c12116-10080 (��a �? b0@
�6
�4 ��� ��
=�? 3�� 4�
�� 4	 �.  Y��0
m³/s 2036 

� .������ ���� 4�
�� 012 ��� ^1� ���-��3 ?/��D �� 4	 3�f�� ���� �-. �? ��H/�� 4? .���� ��JL 
���Q 

) T@� �6
���7ξ4? (L��T ��H/�3 ? �f�?��6��� � �� �� A ��� 012 ����3 � .������ �5 �? E�5�
�b oB��G�� 

7/34 �c�� ��?. ξ oB 
��� L�U6/�� 15  �c��?� ��� �-. T?�2 G�
���?5�B�^ .3�� +,�� �1! ���0B .��?  .�-

��
� �t�6F
 G�� �?  �� 3����? .�-2  �B1000 M���B �� 8� �- .��? Y��  ��� .�� 4R��J
 ����? ���
 .�-

 ���� �? G�R��J
)41?�� 6( �= �� 4	 3��� ��O�� F(x) 
 �0UOB M���B M?�B T_r 3�� �h� ���
 3����? ��
�.  

)6 (  T_r = 1/(1-F(x))   

T��JB  .�-l�J
 �� P-
Q7 ��� .��
= ��� .�- ��� �� .�� ��O�� �\�6F
 .��C�� ��C�� R �eeFB 46H? �? extRemes 

M���B Z���? .��? �.�/ .�-HEC-SSP  
MATLAB  T��JB .��? 
 �-  �� .����� ���\6�� �@�:�L
���- G�R��J


T��JB ���  ��-x  4?���� ����eB ��o6
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 �6
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�� M���B .�-�6
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���I
 �6
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�UB

3��
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 A�U0B .�/ ����I
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 4H��I
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4? �� 40L�1
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 4I1�
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 �U�� G��c4? ��@�
� .��U46�����	 �R�	�B �P-
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Z
� �� �
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�� �� .��
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 8��,	 .�- �
 4	 ��� 4? ����B �� 4?��
 G�0L�1
 .��? �R60
 �?�S��S �����

���� ���2 ���\6�� ���
 C�� dD��
 ����.   

  

�EA�( �
G B
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�?� ���
� .�� ����? 4hJL �[	��/ .�-  ��
� �� .�55 ���� �4L�� T?�2 .��w7���oB ���-� 45�/ �� ����N 4N�B

��2 �?� .3�� ;�<= 3Ra .�-  ��
�J
 �� ���5/35  �B6409 ���� 4	 ����� ���2 4���a �? b0@
�6
  ��N
 ���-�

3Ra �?� ���6��? .3�� 45�/ ��� �� f�? G�� �? .�/ .�-����
�  �?= Y�� 4? ��?�
 ���66-65  ���I
 �?6409 
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�/ 4	 3�� ���? 4���a �? b0@
�67/6 ) G�
���? ������
 �?��?7/951 3�� (4���a �? b0@
�6
.  �? 41?�� ��� ��

 M���B �� ���\6��GEV�?� � ��
� .��? �/��D .�-  Y
�N) �� 4R��J
 t�6F
 3����? .�-1(:  

 0�&R1: M�� �
G %���� ��MG ���� �
G T�E�� @	U'�M  

(0�I) @	U'�M ����  ) �%��� �M�m³/s(   V�)���� ��W�A95٪  )m³/s(  

100  4564  4210, 4918  

200  6004 5520, 6488  

500  8566  7815, 9317  

1000  11098  10080, 12116  

 

�
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�6
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���7 4	 ��� ���� (ξ)  ���6��?
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�/ Y��18 



�� ��������� ������  ����15 ����� �49
 ����� ��
�� 3 �#� �1405     107  

�
 P��C�� �c��  ���� �� �6
���7 ��� d�2� ��
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  ��? 41?�� ����? ����D �� .�-�

��Q�
 ) 45�/ l��6
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3R[
 (r=0.72) �
 ���gB 46��� ��� .���� 45�/ 4	 ��	 +,�� �06H
 �6��? ��B��B b�� �? .�-  ��6�� �? .�/ .�-

����6H- �����. 

 ��c� MR�
 4� �� +,�� ���
��� T��JB �� 3�012 ���012 ����3 �6
���7�8 �012 ����3 4��U� ��� 
 . ���

012�3 ��B +�F6��) Y�
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 .�-�6
���7 ��? �� ���I
 ���B

 ����UD� 4�c�� 4	 ��� ���� G�R��J
95  �/��D �?� .��? �c��1000  ��? 4L��10080  �B12116 m³/s  ��o6


T?�2 4�
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G����oB b��5 4R��J
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�\6
 x�1� ���-�

 �� ���� 3�012 ���3��
�J
 .�- 4��U� ���� ���� �? .3�� .���  .�-55  �6
���7 ������	 q�B ���6H�� 4L��

T@�(ξ)  �?CV=34.7%  �
 ���� �� 3�012 ��� ��C�
 ���Bf�? ��� 3���H/ �����? E�5�
 ��� 4	 �-�  ��� ���0L�

�U	 4? �6
���7���� 3�\�	 
 3� 3�� ��N�
 .�-  Y
�N)2( G��c �� 4	 3���0
 ��� 4? ��f�? 3�012 ��� ���S .

���� b�	�B �� ���oB �� .��
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� P��C�� ���I
 ��- ξ �
 T?�2 ��C�
 4? ����B � N�B)�
�/ 35  (�c�� 46��� �����

4? .��w7���oB �� ^1� ��� .���?�?� 4R��J
 �� �Q�
  �? .�- �,[
) ��f�D 3����? ��
�1000  ���7 3�U-� (4L��

�
 .�1! 4	 ��S ���	 35 �c�� �� ξ �
  �B �B
�\B 4? ����B50��� �O�
 �/��D ����I
 �� %.  

��@
 .�-�6
���7 (μ) ���I
 
 (σ) ����I
 �? CV  b�B�B 4?2/6 
 %9/8 ���`U- �
� ���6H- �����!�? �RH� G�Ra �� %
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 0�&R2: �Y(Z Q>����� �
�E����
  ���JK L&��@ �3*�3 U��G  

�E����
   CV%  

μ  2/6  

σ  9/8 
ξ  7/34  

  

M���B .�-�6
���7 ��
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���7�
 � Y
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=�? Z
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 012 ����3 �6
���7�8 ���� 
 ��
=�? Z
� ��� ����B 012 ��� ������ 4?�3 

4��U� ���. �� agB Y�
 +�F6�����w�� .���? ����`U- 012 ����3 4��U� ���. �JB�T G�?  �? ~�6��1000  ���@B

UD� 4�c������ 95  �c�� ��.��? ξ )12/24-0/0��� ���� (  Y
�N)3.( ����`U- ?� ����U�� /��D�  ��
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G &%G��> :�6 A�*�*OF�P �
�E����
G...  

 0�&R3: �9�(�2 �
�E����
G '*>(] GEV  �M �&����^�MD�� �
G ��M T�E��G ��K �Y*% _�`^  

���^�M D��  μ (m³/s)  σ (m³/s)  �E����
ξ  

MOM  3/425  1/287  18/0  

MLE  7/438 4/295  21/0  

L-moments  9/415  8/279  16/0  

  

  
 6;�2 :M� ���*�3� %���� '*> a�I� �M @	U'�M ���� �M��M ��(] GEV ��� �'�M �M)�V�) 95 (&W��  

�� ��� 
 ��-��
 ����U�� ��� �C�� �? 4	�P ?� ���I
 �3����? ��
�� /��D� 4?�C�� ^5�
 ��D�P 
� ��?� .���  ��
�

���� � 4	 3�� �= ���-��+, �-. ? G�� (�6U	 E�2
 Y�U6/� �?) ������6�. 
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�3 �C������ �@� 
 ����Q� �-. �c�� ��B�M GEV  4	 3��

4? ?�!� Y�
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 �����U�����  ���6H�
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��Q ��?. ��
� �-. 3�� G�
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descriptive-analytical with an applied objective, and data were collected through 
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EXTENDED  ABSTRACT 

INTRODUCTION 
The water crisis in semi-arid regions like South Khorasan, Iran, poses a significant threat to 
sustainable development and human settlements, exacerbated by prolonged droughts, overexploitation 
of groundwater, and industrial activities. The Nimbeluk Plain, located in Qaenat County, faces acute 
water stress due to declining aquifer levels, land subsidence, and the water-intensive operations of the 
Qaenat Steel Plant. This study employs a scenario planning approach to conduct a foresight analysis of 
water issues in the human settlements of the Nimbeluk Plain, with a specific focus on the steel 
industry’s impact. The research aims to identify key drivers influencing water resources and develop 
probable scenarios to inform short-, medium, and long-term policymaking for sustainable water 
management. Multiple factors, including climate change, population growth, and mismanagement of 
water resources, drive the water crisis in South Khorasan. In the Nimbeluk Plain, 99.5% of water 
consumption relies on groundwater, leading to severe aquifer depletion and the designation of 26 out 
of 35 plains in the province as restricted for extraction. The Qaenat Steel Plant, with a water 
consumption of approximately 1.2 liters per kilogram of steel and an initial production capacity 
requiring over 700,000 cubic meters of water annually, intensifies pressure on the region’s limited 
water resources. This industrial activity, coupled with agriculture’s dominance (consuming 93.5% of 
extracted water), threatens the sustainability of human settlements and increases risks such as land 
subsidence and migration. This study adopts a descriptive-analytical methodology with an applied 
objective. Data were collected through library research and field methods, including interviews and 
questionnaires. The statistical population comprised 11 experts in regional and water planning, 
selected via convenience sampling. Thirty-six variables affecting water consumption were identified 
and analyzed using structural analysis in the MicMac software to determine key drivers. Subsequently, 
a cross-impact matrix was developed, and data were processed using Scenario Wizard software to 
generate and evaluate probable scenarios. The Delphi method was employed to define five possible 
states (from desirable to critical) for each key driver, forming the basis for scenario development. The 
results of the structural analysis revealed a highly unstable water consumption system in the Nimbeluk 
Plain, characterized by complex interactions among natural, human, and industrial factors. Five key 
drivers were identified: urban drinking water quality, water supply quality, migration tendencies, 
water access, and the utilization of Qaen’s urban wastewater. These drivers were pivotal in shaping the 
future of water resources in the region. The scenario analysis produced eight strong scenarios, with 
75% indicating undesirable outcomes (intermediate-to-critical, semi-critical, and critical states). Table 
1 summarizes the key drivers and their probable states, highlighting their influence on water 
management outcomes. 

 

DATA AND METHODOLOGY  

This descriptive-analytical study with an applied objective examines water issues in the Nimbeluk 
Plain, Qaenat County, South Khorasan, and Iran. Data were collected via library research and field 
methods, including interviews and questionnaires with 11 experts in regional and water planning, 
selected through convenience sampling. Thirty-six variables affecting water consumption were 
identified and analyzed using MicMac software to determine five key drivers: urban drinking water 
quality, water supply quality, migration tendencies, water access, and Qaen’s urban wastewater 
utilization. Scenario planning was conducted using Scenario Wizard, with a 25×25 cross-impact 
matrix based on five probable states per driver, derived via the Delphi method with nine experts. This 
generated eight strong scenarios, 781 weak, and 117,151 inconsistent scenarios. 

 

RESULTS AND DISCUSSION 

This foresight study on water issues in the Nimbeluk Plain, South Khorasan, Iran, with a focus on the 
Qaenat Steel Plant, revealed a highly unstable water consumption system driven by intricate 
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environmental, social, and industrial interactions. Using MicMac software, 36 variables influencing 
water resources were analyzed, identifying five key drivers: urban drinking water quality, water 
supply quality, migration tendencies, water access, and utilization of Qaen’s urban wastewater. 
 

 
Figure 1: Distribution of Variables Based on Direct Impacts of Variables. Source: Authors, 2025  

Scenario Wizard generated eight strong scenarios, with 75% projecting undesirable futures 
(intermediate-to-critical, semi-critical, and critical), underscoring the urgent need for strategic 
interventions to avert environmental, social, and economic crises. 

 
Table 1. Summary of Scenario Analysis for Water Management in Nimbeluk Plain 

Scenario Overall State Overall State Influencing Factors Influencing 

Scenario 1 Desirable 
Enhanced drinking 
water quality and 
resource access 

Increased household 
water use, reduced 

salinity 
Desirable 

Scenario 2 Desirable 
Slight improvement in 
drinking water quality, 

needs attention 

Increased household 
water use, reduced 

salinity 
Desirable 

Scenario 3& 5 Intermediate 
Status quo persists, no 

notable change 
Stable population and 

water quality 
Desirable 

Scenario 5 
Intermediate-

to-Critical 
Rising drinking water 

pollution, quality at risk 
Stable water use and 

salinity 
Desirable 

Scenario 6 Critical 
Declining water supply 

quality, increased 
migration 

Stable population and 
water quality 

Desirable 

Scenario 7 Critical 
Severe decline in water 

quality and access 
Unchanged consumption 

and funding patterns 
Desirable 

Scenario 8 Critical 
Severe pollution and 
water quality decline 

Unchanged consumption 
and funding patterns 

Desirable 

 

The analysis highlights the Qaenat Steel Plant’s significant pressure on water resources, consuming 
1.2 liters per kilogram of steel and over 700,000 m³ annually, alongside agriculture’s 93.5% share of 
water use. These factors, combined with groundwater over extraction, contribute to aquifer depletion 



122  Journal of Natural Environmental Hazards, Vol 15, Iss 49,  September 2026 

and land subsidence, threatening human settlements. Desirable scenarios (1 and 2) demonstrate 
potential for improved water quality, reliable supply, and reduced migration through wastewater reuse 
and water-efficient technologies. However, critical scenarios (6–8) warn of severe pollution, reduced 
access, and mass migration if current trends continue, aligning with Hassaniyan (2024) on 
environmental injustice and Shirzaei et al. (2021) on irreversible subsidence. 

The MicMac analysis showed technology for water reduction as the most influential indirect driver 
(score: 541), followed by urban drinking water quality, groundwater quality, water treatment quality, 
and annual precipitation (each scoring 512). Agricultural water consumption was the most dependent 
variable (score: 562), emphasizing its vulnerability to system changes. The unstable system, with 
variables clustered near the scatterplot center, indicates strong interdependencies, complicating 
management efforts but highlighting the pivotal role of key drivers. 

These findings align with Joadi et al. (2023), who stress aquifer vulnerability forecasting, and Beheshti 
et al. (2021), who advocate scenario-based water management. The study’s emphasis on technology 
echoes Qin et al. (2019), noting innovation’s role in mitigating water crises. However, the steel plant’s 
expansion without sustainable water sourcing risks exacerbating ecological damage, necessitating 
immediate policy shifts toward integrated management, including industrial water recycling, 
agricultural reform, and enhanced wastewater infrastructure. 

 

CONCLUSION  

This study provides a strategic framework to address the water crisis in the Nimbeluk Plain, South 
Khorasan, Iran, focusing on the Qaenat Steel Plant’s impact. Five key drivers-urban drinking water 
quality, water supply reliability, migration tendencies, water access, and Qaen’s wastewater 
utilization-shape the region’s water future. Scenario analysis revealed 75% undesirable outcomes 
(intermediate-to-critical, semi-critical, and critical), signaling risks of environmental, social, and 
economic crises. The steel plant’s high water use (1.2 liters/kg, >700,000 m³/year) and agriculture’s 
93.5% consumption exacerbate groundwater depletion and subsidence. To achieve desirable scenarios, 
policymakers must: (1) implement water recycling in the steel plant, (2) invest in wastewater 
treatment, (3) promote low-water crops and efficient irrigation, (4) monitor aquifers, and (5) raise 
public awareness. This model applies to other semi-arid regions, but the small sample size (11 experts) 
and limited data suggest broader studies are needed. Without action, pollution, reduced access, and 
migration will intensify, threatening sustainability. 
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2 - Scenario Wizard 
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 5�)U1: -�
��TG� OK W�X� �/6�  

��TG� Y�.   Y�.

-��XG&�  

��TG� Y�.   Y�.

-��XG&�  

��TG� Y�.   Y�.

-��XG&�  

64 �� �5�N5� Var01  A����4� Q��5 A�����!� ���	  Var13 �NX�V 64 ���K� 7�;�
  Var25 

�!� 	� ���5��4 7�;�
  Var02 �!� �� ��N$9C�  Var14 A�:(  ��	� <� 64 n�ON��  Var26 

�&E �)�&C4  Var03 64 7�;�
����<��<  �E  Var15 �<&I P�� 64 n�ON�� �  Var27 

�D&V �)�&C�  Var04 64 ��;KD 7�;�
  Var16 ����> 64 J�K� A����  Var28 

64  �)�&C4  Var05 ����C�5 Z	�� A����  Var17 �NX�V J�K� 64 A����  Var29 

 �!� 6�� 64 7�;�
  Var06 �����4 M�  Var18 
  ��� �D4 ������ uC <� 64 n�ON��

��	�  
Var30 

M:� 7�;�
cd��  	�4 	� 6
�!�  

Var07 
�� <� ����C�5 7����� A����� M�

����<��< ��4  
Var19 

��!� A����cd�� ��;KD <�  	� 6
 �!� 64  

Var31 

M:� 7�;�
�C��<  	�4  Var08 A��	 A����64�E  Var20 
cd�� <� ���;N5�� P��G  �!� 6 

A4 n�ON��  
Var32 

<� ����!� �� ]��:D �!�  Var09 64 ����C�5 ��;KD 	��O�  Var21  <�m� 64  ��	��V  Var33 

��� 7�;�
���5	  Var10  <	���
 64 ���K� A����  Var22  <�m� 64 ���	��  Var34 

�X�9� <�) �� �5�N5�  Var11 64 ��	��V A����  Var23 �� 7�Xd��64 �'X� M�  Var35 

 7���� 
�$I� A����A�����!�  Var12 64 ���	�� A����  Var24 
 o&C&�#D ����4 QE�
 �
 ���E

�	�� �L 	� �	 64 J�K� ����.  
Var36 

  

ZK [�=G8� �N��� \�,� �N �
��TG� -�(E
��/MA � -��E]��/MA �N�(P�� �
  

)��
��L ��;V� �N���E� '�D 	��] B� B���L "�	��  5�pN$ � ^��� �	� ��
5 	� .�pN$ �E  �L�"	��  Q�
��L
�N���E�  ]#� ��n�� '����$� �N� �N5� �5 � 75��� S�D�	�g)� '
 ]��&()�� ���> � ]ON$� "(� QO� �� �E   sd��

]��G��D�^ 5 "]��O� 	� .��N$E�pN$ �E  �L���	�� � n&I Q�
��L	&� ��G  � � ��	����N� �N���E� Xd��7 
S�D�	�g)�  S�D ��gL���  �������� � A���� ��E� �5��� �
�� '
 ]��&(��  � 	�&�� �	� �<�5� 	� .�P 5 W&��"pN$ 

�N���E� �N5� �� �E  S�D�"	�g)� �� ��!� �N� ]���)��E�  	�B$ L �
 J�E ��A��� �D��� S�D "(��N$E�gL��� 
���> � �N$���)�~�D � (p
 |�9D	� ��) ]ON$� "(�:� $OD�p �� ��&�.  

  
;+� 3: TG���
�- /�A�� /�A � ��E]�� E
(� .:M9�� (	�<� "A�	�#:E�1397  

5	��� Xd��7 � 	� 64 J�K��8&'9: � A���� �E� 5 �
�pN$ �L���	�� �N� � 75���E� �	��  S�D���� ON$��p  �
e�ON$���p '�D 
�5� �� .��N$E�] S�D�� ON$��"p S�D��D	�g)��P N�� �� ]��&(�<� �4 M���� <� ��D	�9( =���" ��A�� 
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��� 
�$I��7 � 64 n�ON�� "A�����!��P �<&I �  �N5� �5� 9� <�) ���X�S�D "]��O� 	� .�gL���D��P ON$� ]��&(�p 
N�� ���<� 
 ]��� =���;�7 �!� 6�� 64 " �4 M����� D4 ������ �� 	� uC <� 64 n�ON���� �� ������ .�P Xd��7 

�L���	�� A��� L �c��XD ���E��q��� ��P � �� �S&� �'N�� ]��&(75� �O��� 	� 64 J�K.  

�N���E�  �� ��!� $�)�	� S�D�	�g)� S�D ��gL���� ]��� (�A�� NX�V J�K� 64�" )�&C4� 
 "64�;�7  � 6�� 64
<��<����" <	���
 64 J�K� " OI) 64 ��	��V � ���	���O� <�m� � 	�) 64 n�ON�� "(��  � � A�:(�P �<&I �  "(

�;�7 ��5��4� ;KD ��� o&C&�#D "(6cd�� � 64)   "J�K� QE�
Xd��7 'X�� 5�N5� "M�����  64 J�K� �

NX�V)� ���> ��64 <� 7����� "( �E  <��<���� ������ � �E  D4� G�� n�:�) ��N$E 64 n�ON���  .(	��&:�
�N���E�  S�D) �N$����gL���  ~� (=���� ��� 
�$I��"7 
�;�7 NX�V J�K��" �N$9C�� �:D ��]  � ����!� ��
�54�Q G�� 6&�� 	�� 	�� 	��G���N� .��E�  S�D�	�g)� S�D)�	�g)�  � ]��� (=���A�� A��	 � Z	��64 
 � �E�;�7 

M:� 	�4  ��e n�:� 	� 6cd��� �N� .��N$E��E�  S�D) ]ON$��� )�&C4 ����� (p
� D&V � �&E�" 
�;�7 
M:� 	�4  ��� � �C��< ��5	� 5�N5� �� ��� MG�� 	��&:� 6&�� 	� <�) �� ���.  

]#� 4 " Q�&L100�V	�  ON$��p ]��G j���	��:D �
 75� ��E���� > ����� j���	�'� &G " &G �N9$� " 
Xd j5&N��� > ��'� Xd�� � A��� �	��E�.  

  
;+� 4: *I��
)]� TG���
� /�A \�,��N���� =G8��[ TG���
�  .^� ^�� �U��& \�,� �N:M9��  ���	���1403  

  

�
��TG� [�=G8���_ -�(E
��/�A � -��E]��/�A �N�(P�� 

 �
 ��� A��� �E���N� p�ON$���e ����S�D ]�'�D" o&C&�#D ����4 �	�� �L 	� �	 64 J�K� ���� QE�
 �
 ���E" 
 <��N�� ��541����� ��� P�� .75� 8&'9:�� 	� 64 J�K� pN$�5 �� p�ON$���e ]��( P��D	�g)��S�D " �&OC�� 7�:E� �

 	�4&� �9D	 	� .�	�� �O��� 64 M���� �D4 7����� 	� ���	����  �E ���N� "p�ON$���e  	�g)��S�D  �X�  �E   �E
" �!� 6�� 64 7�;�
"  <��N��512 ""64 7�;�
 ���<��<  �E�"  <��N��512" "�
64 ��;KD 7�;"  <��N��512  �
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"����C�5 Z	�� A����"  <��N��512  	��GA��� �
 ��	��  	� �:�'G� j���� � 64 M���� 7�;�
  	&�� QO� ���E�
����&L ��N$E 64 J�K� �����'�  �E. 

 "����  &5 <�" <	���
 64 ���K� A����" � <��N�� �562�� " .�� ���5��� p�ON$���e ]��( P��D��gL��S�D A�&�(
���N� ���5 	� ������D ��  <	���
 Q�� 7�5�$I �� W&d&� P�� P�� 	� 64 J�K� 7����� 7�:E� � pN$�5  �E

�� ��
�D Q�� ��
 ."64 �'X� M���� 7�Xd�"  <��N�� ��541  �"64 ����C�5 ��;KD 	��O�"  <��N�� ��521  ���< 	� ���
A��� �
 ��	�� 	��G p�ON$���e ]��&( P��D��gL��S�D u�54 ���E�  7���w 7�:E� � 64 M���� �&�&� 7�Xd�  ��gL

	� ��;KD 75� �D4 ������D �� �!��&�.  

 ]#� �� ��&D ��5 " ��~� ���E���N� �#����"64 ��;KD 7�;�
"""�!� 	� ���5��4 7�;�
"""�&E �)�&C4""" ������
��	� uC <� 64 n�ON��  ��� �D4"  �" o&C&�#D ����4 �	�� �L 	� �	 64 J�K� ���� QE�
 �
 ���E" � ��;V �
�� �

A4  	&�� QO� "�)��
��L E�� �p�~�D �  ��'
  �E���N� A�&�( �� �N$��� �	 pN$�5 	� ����
   ��)	��G .�<�5
75� �E���N� P��  &G �c��XD �&�� � pN$�5  	����L�� ��&� ��� �
�� �� B���� �E���N� ���:D.  

  

  
;+� 5: L*I��
� TG���
� /�A \�,��N���� ��_=G8��[ TG���
� .:M9��  ���	���1403  

  

 n���2" �9D	  �E���N� p�ON$���e � p�ON$� ����S�D  ��� ����#� ���� A��� �	  ]
 <� ���N� �E p!5 � �E�
�� �F�	� 	��E �� 
��O� 	� �	 pN$�5 ����&L 	� QO� P��N��� ��  �E���N� ���5��� �� n��� P�� .��
  �'
  �E

�� B:
 pN$�5 ��
.  
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 5�)U2: ��A� ��_� [�=G8� ����/�A -)*N[
 �N �
��TG� [�=G8��L(�  

[�=G8� ��_ ��/�A [�=G8� ��/�A 
`(��  

-�(E
��/�A ��XG&� Y�. ��/�A-��E] ��XG&� Y�. -�(E
��/�A ��XG&� Y�. -��E]��/�A ��XG&� Y�. 

501 Var34 369 Var32 456 Var01 440 Var36 1 

412 Var02 465 Var12 413 Var13 487 Var17 2 

465 Var18 497 Var22 509 Var29 512 Var18 3 

428 Var16 512 Var06 413 Var17 413 Var35 4 

400 Var32 415 Var31 464 Var09 429 Var05 5 

514 Var12 512 Var16 423 Var25 413 Var06 6 

562 Var22 480 Var18 456 Var14 412 Var21 7 

415 Var06 417 Var35 512 Var30 413 Var07 8 

415 Var31 400 Var05 479 Var35 435 Var15 9 

416 Var08 412 Var02 412 Var34 475 Var31 10 

481 Var28 410 Var13 456 Var02 485 Var30 11 

413 Var19 486 var25 512 Var18 499 Var27 12 

476 Var36 399 var27 413 Var16 445 Var01 13 

497 Var17 512 Var15  461 Var32 445 Var02 14 

417 Var15 467 Var21 499 Var12 470 Var26 15 

541 Var35 384 Var28 464 Var28 427 Var24 16 

415 Var07 495 Var20 413 Var15 456 Var32 17 

475 Var11 413 Var09 499 Var31 412 Var20 18 

413 Var01 472 Var04 493 Var22 464 Var08 19 

508 Var13 486 Var24 427 Var05 456 Var28 20 

416 Var29 405 Var03 412 Var21 412 Var19 21 

500 Var14 470 Var26 589 Var06 464 Var22 22 

486 Var25 413 Var10 479 Var07 470 Var29 23 

417 Var23 498 Var11 498 Var23 413 Var13 24 

456 Var20 417 Var08 412 Var19 435 Var16 25 

470 Var27 512 Var17 413 Var03 464 Var09 26 

426 Var09 442 Var01 478 Var36 412 Var34 27 

415 Var04 467 Var34 432 Var33 432 Var14 28 

486 Var24 463 Var14 442 Var04 487 Var10 29 

486 Var03 484 Var07 412 Var20 442 Var25 30 

486 Var26 417 Var23 416 Var24 408 Var03 31 

498 Var10 451 Var19 470 Var08 499 Var12 32 

521 Var21 465 Var30 470 Var26 490 Var11 33 

415 Var05 541 Var36 464 Var10 413 Var33 34 

460 Var33 491 Var33 476 Var27 456 Var23 35 

465 Var30 444 Var29 490 Var11 470 Var04 36 
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�Z��	�
 O��G. -)��I -�
 

<��N�� @�;'D ����  "p�ON$���e � p�ON$� ��S�D n���3 �� "��<��N�� W&:m� �� ��&D �� �
 ���4 75� A����L b�L
���� ���5��� 7�:E� u�D�D �� 8&'9:�� 	� 64 J�K� ����4 �� �S&�  ��'
. 

 5�)U3 :G�� @6������P� �L()�
 �N �
��TG� [�=G8���_ ����/MA  
`(��  ��TG� Y�.  ��P��G�� @6���  

1   OK C�2�I-�#� O��  3745  

2  �#� �� �.�,�NK C�2�I  3451  

3  P� ��U�#� �N ;(��A �#�  3205  

4  OK �N �,�G,�  3106  

5  >a�' P� ���2G,�� V(�S -�#� O ZK 5�=G.�  3104  

6   Z�%��K� D(�, Z�).��#� ��'�  3005  

7  b�U C�2�I>a�' -��K�#� �� O  3002  

8  �#� �N �LG8�<�  2998  

9  �6
 �]�6<K  2987  

10  �.�,� c�N C�2�I  2963  

11  OK ��2XA C�2�I  2963  

12  Z�).��#� C�*�� \�8d� Z�%��  2746  

13  K�A6e �]�6<  2741  

14  b�U C�2�I�<�NP -��K  2641  

15  OK C�2�I�*��P�(P -�
  2641  

16  ����� P�] �N �,�G,�  2641  

17  -P��� OK �����e  2641  

18  *���NK bN  2641  

19   Z�%��*� P� �.��<�, C����NN��*��P�(P �NK b  2641  

20  Z��� Z�%��OK�
  2504  

21  OK �]�6<K  2499  

22  -P���	I OK �'�X� Z�%��  2321  

23  �(�� f< P� OK 5�=G.� -��N �AK ���.�N  2312  

24  OK ������ Z�%��  2225  

25  �.��<�, F��N Z�%��  2225  

26   �)*(K-���*' )()� D
�I �I �(�
���� �
 �� �� OK W�X�  2200  

27  �P6d V�N OK 5�=G.�-�  2199  

28  �L.�& OK W�X� Z�%��  2199  

29  �G�*e W�X� OK Z�%��  2199  

30  OK �����e Z�%��  2109  

31  ��#N Z�%��>a�' ��2XA P� -��-�#� OK O  2098  

32  OK �.��<�, ��2XA ��)=�  2078  

33  �G�*e OK �'�X� C�2�I  2052  

34  -P��� OK ������  2025  

35  OK ���' b�*� C��a�  2017  

36  Z��� -�(�� P� OK 5�=G.�  2008  
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A����L P�� ��  ��'
  �E ���;N5� �	&� �O��� 	� 64 J�K� ����4  �E&�	��5 P���D  ��� �'V�  �E	&�� A�&�(
��N��) 	��G. 

C��a� V(�)A Z��	�
 �<��Gd� -�
 )��I -�
- 

<� �E�&>�~� 
�5� ��  <�) ]:N�� 7�Xd� b�L " ��'
 A����L b�L <� B� �E  ��� "�;C� Z�	 �� A�5���	�

�� .����) ���XD (������ �D 6&'�� A����L  ��� "n�t� A�&�(" �!� 6�� 64 7�;�
"7�Xd� "  �C�:NI�  �E

�� "(A���� ���N54 	�) �&�&� 7�Xd� %���D "7�;�
 �9$� Q����� "7�;�
 ���:�f Q����� ]��� �9$� Q���
�� �N��) �~� 	� �O��� 	�  �!� 6�� 64 �)�&C4 <��� � �)�&C4 .7�Xd� P��  ]�#�D  ��9� "�C�:NI�  �E

%�� 	� ]��ON�  	�g)�S� `��D�� 	����  �	���� &�	��5��N��) 	��G. 

g(�G. � ;N�=G� -��E]�/� h(�A�� ;�+	A ���%(� 6(��*,: 

A��� uC���  �N5�	 	�]9G Q�� 	� ���"  RD��N5� P���D 	&~�� ���E" %�� <� 75� ��� ���;N5� �	���� &�	��5 	����
 �	4 <� �9 � �����5�L ]�:#D 	&~�� �� A��9�� <� �;�NA����L ���5��� <� `L "	&~�� P��� .�� �N��) ��!� M��O-

7�Xd� �  ��'
  �EA4 �'N��  �E�E "��#�D �'V� �V��( A�&�(�]E�RL  �E&�	��5 ���E����� 6��N�� Q k ��
 �
 �D	&V5  uC�G 	� �'V� A����L25 7�X�G %�(  �	�� 7C�I"  �� �$��D���) ��X�25*25 `a5 .��� ]�#�D �	 (
�����5�L�   �'V� n�_5 � 7��) 	��G A�KK�N� 	��N>�	� � �� �I��� M��ON�  	�g)�S� `��D�� 6&f	�f 	�

v�� �
 �&� P�� ����< P�� 	� ���"� B� �E �)�7�Xd� <�E  25�N;�� ��;D� ���) STD �f��   W&G� %�( �� W&G� ��
7�Xd� ���5�E �7��� �E�&>  7��!� 	�) ]��ON�  	�g)�S� `��D�� ]�'�D ��25*25%�� 	� ( 	���� �	���� &�	��5 "8 

 " &G  &�	��5781  � ��Xd  &�	��5117151 �� ���5��� 	�)<�5��  &�	��5. 

 �N�(P�� � ;���A-6S -�
6(��*, 

 P�� <�8  " &G  &�	��52  "6&'�� 7�Xd�  �	�� &�	��53  � P������ 7�Xd�  �	�� &�	��53  �����:� &�	��5
7�Xd� &�	��5 �N�D �5	�� .���&� 64 J�K� ������  �E  W&:m� <� �
 ��� A��� �E40  	� 7�Xd�8   &�	��5

 " &G5  "6&'�� 7C�I5  "6&'�� �:�� 7C�I14 �� 7C�I "������9  � ������ �:�� 7C�I7  .�	�� �&�� ������ 7C�I
�� A��� M�<&D P�� �
 �E� 75� %7C�I < &�	��5  �E 7�Xd� <��� <� �
�I  &G  �E  �� �	 ��������) 6&'����  �E

75� �O��� 	� 64 J�K� ����4 	� (������ � ������ �:�� "A����.  

&�	��5 ]�'�D ) u�N��  �E1 "2 "3 "4 "5 "6 "7  �8(   ���A����L <� B� �E 7�Xd�  �� &�	��5 �E 	�  ��'
  �E
�Vc> 	&� :75� ��� A��� ��< 	� 

 *  �E&�	��51  �2  "����!� �� ]��:D QE�
 "���5��4 � 6�� 64 7�;�
 �&9!� �� ��
�D �� �	 6&'�� 7�Xd�
�� A���  �!� 6cd�� <� ���;N5� �X5&D � 64 �� �5�N5� Q����� ��E�. 

 *  �E&�	��53  �4 �� ��&KD �� �	 (�&�&� 7�Xd� %���D) �������� 7�Xd�  �� 79t� ����D ��E A4 	� �
 ���

A����L 	�  ���:�f �;�� �:� {	  ��'
  �E �E�. 

 * &�	��55 �� A��� �	 A���� �� �	 �������� 7�Xd� A����L ���5 � �N��� Q����� 6�� 64 �)�&C4 A4 	� �
 �E�  �E
d� 	��� �G�� �&�&� 7�X �����. 
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As Tabriz is located on active faults and has experienced devastating earthquakes in 

recent years, crisis management must assess the city's resilience to seismic hazards. 

In this study, the seismic risk-reduction capacity is evaluated, and the city's resilience 

against earthquakes is assessed using the urban resilience scorecard against disasters, 

aligned with the Sendai Framework. This research can be categorized as applied 

research, and its methodology is Descriptive Analytics, which was conducted 

qualitatively. The thematic analysis method (TAM) was implemented. Data were 

collected through semi-structured interviews, expert questionnaires, and the analysis 

of documents and scientific sources. In this evaluation, ten principles and 47 

indicators were examined. The findings of the study show that Tabriz scores low in 

terms of seismic resilience, reflecting deficiencies in organizational structures, 

inadequate budget allocation, lack of specialized human resources, lack of integrated 

urban management, insufficient public awareness of earthquake hazards, and 

weaknesses in data collection and validation by relevant organizations, which has 

been discussed and analyzed in detail inside the article's text. In addition, the article's 

findings indicate that data vulnerabilities need to be evaluated and categorized, a 

thorough database must be established, information should be disseminated and 

regularly updated, and cohesive disaster management strategies should be formulated 

and executed across the city. The preliminary earthquake risk assessment results for 

Tabriz show that the city has scored a low 45 out of 141 (approximately 32%) in 

terms of resilience. Out of the 47 indicators examined, 10 are "not yet implemented," 

29 are "partially implemented," 5 are "in progress," and only three are "fully 

established." The most significant gaps include the lack of integrated crisis 

management, a shortage of dedicated funding, weaknesses in data sharing, low 

public awareness, and vulnerability of critical infrastructure. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Tabriz is one of Iran's metropolitan areas and, according to recent tectonic studies, is located near 
active faults in a high-risk seismic zone. There is a critical need for a comprehensive investigation 
regarding the vulnerability of urban regions like Tabriz to seismic hazards. The city can improve its 
readiness for future earthquakes by assessing both the risks associated with seismic events and the 
processes involved in recovery. This study examines not only the types of forces that pose a risk to the 
city but also various dimensions of resilience, including organizational, economic, infrastructural, and 
public awareness. The aim is to identify weaknesses in these dimensions that could affect recovery and 
to propose practical measures to enhance resilience and post-disaster recovery. To evaluate Tabriz's 
resilience against seismic hazards, this study employs a case study approach based on the UNDRR 
scorecard. A questionnaire was distributed among stakeholders involved in seismic crisis 
management, complemented by consultations with experts and meetings with relevant organizations. 
Primary data were collected through these consultations and meetings. The methodology included risk 
identification, assessment of institutional capacity, financial evaluation, infrastructure assessment, and 
review of disaster preparedness and response procedures. To ensure that the analyses accurately reflect 
the perspectives of those directly involved in seismic crisis management, data were gathered from 
municipalities, relevant organizations and departments, as well as urban planning specialists. 

 

DATA AND METHODOLOGY  

To improve and guarantee the precision of the responses, multiple rounds of communication with a 
variety of organizations and discussion sessions were held. Also conducted was a qualitative analysis 
of current earthquake crisis management programs, which included an examination of relevant local 
regulations and pertinent policies governing urban development. 

 
Figure 1: Statistical analysis of responses to the level of risk for Tabriz city against earthquake. 

 
Table 1. Suggested Actions to Achieve Maximum Resilience. 

Action Responsible Organization Timeline 
Review construction patterns and street designs and improve 
current conditions 

CMEAG – RUDEA – CMTM 10 Years 

Reassess urban green spaces and their quantitative and 
qualitative standards 

CMTM 10 Years 

Mandate land use planning for urban developments and 
constructions around the city 

CMEAG – EAMPO – RUDEA – 
CMTM 

10 Years 

Re-engineer informal settlements and position military centers 
around the city appropriately 

CMEAG – RUDEA – CMTM 10 Years 

Reassess urban green spaces and the green belts of cities CMTM – RUDEA – CMEAG – 
Natural NRWMO 

10 Years 

Review and restore the streams and rivers within and 
surrounding the city to their natural state 

CMTM – CMEAG – RUDEA – 
ERWA – EWWC 

20 Years 
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Provide environmental water needs for rivers CMTM – ERWA – CMEAG 25 Years 
Identify and restore the Qanats of Tabriz and its surroundings CMTM – ERWA – CMEAG 5 Years 
Reassess quantitative and qualitative aspects of urban green 
spaces and green belts 

CMTM – RUDEA – CMEAG – 
NRWMO 

10 Years 

Secure funding and develop urban wastewater treatment 
facilities according to needs 

EWWC – EAMPO - CMEAG 5 Years 

Optimize the municipality's revenue sources for transferring 
Aras water to Tabriz 

CMTM – CMEAG – Local council 20 Years 

Utilize Tabriz's elite to adopt effective diplomacy for 
maintaining the water quality of the Aras River 

CMEAG – Provincial Representatives 
in the Islamic Consultative Assembly 

5 Years 

Restore pastures surrounding the city and implement 
afforestation to mitigate regional dust storms 

CMEAG – CMTM – NRWMO – 
RUDEA 

20 Years 

 

The statistical analysis of the responses is presented in Fig. 1. It is related to the earthquake risk in 
Tabriz. This figure is provided for a clearer representation of the statistical analysis done in this paper. 
Taking into account the differences in the submitted responses, it is a useful approach for evaluating 
the results. According to Fig. 1, opinions converge on earth movement and landslides, fires associated 
with earthquakes, and falling rocks from heights; however, opinions differ on soil liquefaction. 
Proposed measures to achieve maximum environmental resilience are presented in Table 1. 

 

RESULTS AND DISCUSSION 

According to the Tabriz Seismic Resilience Assessment, several critical challenges were identified: - 
Organizational shortcomings: The city lacks a centralized framework for managing seismic risks, and 
disaster preparedness budgets are insufficient; - Hazard assessment gaps: Existing seismic hazard 
maps are outdated and incomplete. Disaster management and urban planning require significant 
improvement, including a regularly updated comprehensive risk chart. - Investment and economic 
capacity: Economic resilience is weak due to limited investment in risk reduction and the absence of a 
dedicated organization for resilience projects; - Infrastructure vulnerability: Some hospitals cannot 
withstand major earthquakes, and critical systems like water and energy require more resilient 
infrastructure; - Public education and awareness: Earthquake information is mostly shared during or 
after events. Continuous education campaigns are needed to improve community preparedness; - Data 
management: A centralized system for collecting, validating, and sharing information is essential for 
effective disaster response; - Preparedness and response systems: The city lacks an early warning 
system, and inter-agency communication is poor. Resilience could be strengthened through early 
warning systems, regular training, and a unified operations center. 

 

CONCLUSION  

In this paper, a comprehensive analysis was conducted regarding the seismic resilience of Tabriz city. 
The results show that the city faces significant seismic risks and highlight the need to assess and 
manage these risks across the urban area. The evaluation assigns a low resilience rating, indicating an 
urgent need for organizational reforms, the implementation of practical risk management strategies, 
and increased funding for disaster preparedness and response initiatives. Furthermore, the findings 
emphasize the necessity of ongoing monitoring and evaluation to track progress and address emerging 
challenges. With consistent assessment and a flexible approach to resilience strategies, Tabriz can 
effectively manage evolving risks and improve readiness for future earthquakes. 
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Heatwaves are among the most critical climate-related hazards, posing serious risks 

to human societies and ecosystems. The accelerating pace of global warming 

highlights the need for detailed investigations of this phenomenon. In this study, 

daily maximum and minimum temperature data for 30 years (1995–2024) were used 

to identify local heatwave thresholds based on the 90th percentile and probability 

density functions. Five major heatwave characteristics: number of events, number of 

heatwave days, magnitude, amplitude, and longest duration were extracted across 

Iran. Their spatial distribution and hotspot regions were identified, and temporal 

trends were assessed using the Mann–Kendall test and Sen’s slope estimator. Results 

show that, in addition to arid and southeastern regions (e.g., Lut Desert, Central 

Plateau, Southern Baluchestan, Hamun basins), high-altitude areas of the Zagros 

Mountains—particularly the Tashk–Bakhtegan basin—are highly exposed in terms 

of heatwave frequency and duration. In the lowland plains of the southwest and 

southeast (e.g., Khuzestan, Lut Desert, Hamun, Baluchestan), heatwave intensity has 

in some years exceeded 50 °C (maximum) and 40 °C (minimum). Trend analysis 

revealed statistically significant increases in all heatwave characteristics, especially 

in the number of events and days, with average slopes of ~0.24 events and 1.2 days 

per year across most regions. While northern and southern coastal areas (e.g., Persian 

Gulf coast) have remained relatively unaffected by persistent daytime heatwaves, 

nighttime events show a clear increasing trend. Moreover, the highest long-term 

averages for all characteristics occurred during the last eight years of the study 

period, particularly in 2024. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
Heatwaves are among the most severe climate-related hazards, with impacts increasingly amplified by 
global warming. They are linked to excess mortality, pressure on infrastructure and energy systems, 
agricultural losses, and ecological disruption. Iran, situated in an arid and semi-arid region of the 
Middle East, is particularly vulnerable to the rising frequency and intensity of heatwaves. Previous 
studies in Iran have mainly relied on station-based temperature records, which offer limited spatial 
coverage. This study addresses this gap by employing high-resolution gridded temperature data and a 
probabilistic approach to detect and analyze heatwave events across Iran during 1995–2024. 

 

DATA AND METHODOLOGY  

Daily maximum and minimum temperature data for 1995–2024 were obtained from the ERA5 
reanalysis dataset at 0.25° spatial resolution. Heatwave thresholds were defined using the Probability 
Density Function (PDF) method, based on the 90th percentile of temperature distributions, with a 21-
day moving window applied to reduce temporal variability. Heatwaves were identified separately for 
maximum and minimum temperatures, with a minimum duration of three consecutive days. 

Five key heatwave characteristics were extracted for each grid cell (Table 1): (i) number of events, (ii) 
number of heatwave days, (iii) magnitude (average intensity), (iv) amplitude (maximum daily value 
within the event), and (v) longest continuous duration. Spatial and temporal trends of these indicators 
were analyzed using the non-parametric Mann–Kendall test and Sen’s slope estimator. Areas 
exceeding the 95th percentile in each index were classified as critical zones. 

Table 1. Definition of Identified Heatwave Characteristics 
Feature Definition (Unit) 

Number of Events Number of heatwave or warm spell occurrences during the study period (events) 
Number of Days Total number of days associated with heatwaves or warm spells (days) 

Heatwave Magnitude Average temperature across all heatwave or hot period events (°C) 
Heatwave amplitude Highest daily temperature recorded during the hottest heatwave, selected based on the 

magnitude (°C) 
Longest Heatwave 

Duration 
The heatwave with the longest consecutive duration among all events (days) 

 

RESULTS AND DISCUSSION 

Spatial distribution maps indicated that heatwaves are not confined to desert and lowland regions; the 
Zagros highlands—particularly the Tashk–Bakhtegan basin—also exhibit high event frequencies. On 
average, 2–5 heatwave events per year were recorded based on maximum temperature. In southeastern 
Iran and the southwestern plains (e.g., Khuzestan), extreme intensities were observed, with maximum 
temperatures surpassing 50 °C in some years. 

Heatwaves based on minimum temperature, reflecting nocturnal heat stress, showed increasing trends, 
especially along the southern and northern coasts. The highest average magnitudes occurred in 
southern and southeastern regions, where high humidity and limited nighttime cooling amplified 
nocturnal heat levels. The most extreme peak temperatures were identified in Khuzestan, the Lut 
Desert, and parts of Sistan and Baluchestan. 

Temporal analysis revealed statistically significant upward trends in most indicators—particularly in 
the number of events and heatwave days. The steepest increases occurred in the Zagros foothills, 
where annual rises exceeded 0.24 events and 1.2 days. The longest continuous heatwaves lasted 7–10 
days in desert areas, with some extreme events extending up to 40 days. 
The composite risk map identified the Tashk–Bakhtegan basin, southern coasts, the Khuzestan plain 
and southeastern Iran as multi-dimensional hotspots, simultaneously exhibiting high frequency, 
magnitude, and amplitude. Annual records showed that the warmest years—especially 2021 and 



Identification and Analysis of Heatwave Characteristics in Iran Based on Multiple Indices 177 

2024—had the highest cumulative values across all heatwave indicators. Notably, eight of the hottest 
years fell within the final eight years of the study period, reflecting an accelerated warming trend 
(Figure 1) 

 
Figure 1: Top Five Highest Averages of Heatwave Characteristics Based on Ranking across the Study Years 

(1995–2024) 
 

CONCLUSION  

This study demonstrates that the intensity, duration, and frequency of heatwaves in Iran have increased 
significantly over the past three decades. These events are no longer limited to traditionally hot zones; 
mountainous and coastal areas are increasingly affected, particularly by nighttime heatwaves. By 
integrating high-resolution gridded data with a probabilistic approach, the study provided a more 
accurate representation of spatial and temporal patterns compared to station-based analyses. 

The findings emphasize the urgent need for localized adaptation planning and early warning systems, 
particularly in newly identified hotspots such as the Zagros foothills and coastal regions. With 
continued warming, compounding risks related to human health, agriculture, and energy demand are 
likely to intensify. Future research should integrate heatwave characteristics with socio-economic 
vulnerabilities and land use changes to support comprehensive risk reduction strategies. 
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	��/ 3�4���& &B� ��  �&���%	# =>�&�4#� ��&� ;� ;� I���� � ��K�� �	24� ��4R � 	��	�  %	#�  ;���� � ����0
��") ������� ���	!B�� �1 �2013(. ;#� ��J� %	#� ��34� ;� 	��/ %	#&B� l��  ��2�	�&H h@ ���@	A����  ��

J��� �h2 E@	��&V ���;� � ��� <�4�\"Y4�	J <[2	F" �� ;�J	��4��� 4m�n)2  <��	B6# �2021(. �&H ��&�"  ;�
 	
�2�
2&�% ��D&��� ���% �46\ I�[� �� /���  <	!�� �	D� ��&�	� ������ 2op���� \	6�C�� V�	F
C42�   �

�>�Z  ;� <��	��&IJ	�� �	#D�7�� �� �	������ %	# � ��<	���	6	#� ���D&� ;Bh� �	�d�� %	# � <��� UPD 	2�?�!
%	# V67� V9��&P� �4# ��& �� 	C ;� ������q/. �A� �� �� �2��@	A� �H��g6#?�!��4�� � % ��	�� %	# %	#

�� �	�&� ���h@ .����Rr�  � �_�!�	�"�V  %�	/ 	�;9��� �# ��&�" H&� ����� ��� ��&��� W	� � '	�� ��&/$�%	# 
�����% �D ���� ���	������� �� s4F� <	�  � G���2���42 2�	K�� s4��  �� �� ��J  ��A�%	# � tP�A�&�	� ���� 

��")���  �<��	B6# �2015;� .(<�4�\��� �5	u�<� l������ � <	!������ op2 I:2�� �� ���F 	��/ 34� ���/� ��
�	#)	3  �<��	B6# �2011(. �	7���;� ?�!��%	#  ��	��% ����� op2 I:2�� <	� ���% �� ���F 	��/ 34�/���� 

5	24�)4  �<��	B6# �2012 .(	��/ 3�4���& �W4@��2 �����42 4F ���o� ;� ����%�2% �4�� ���?�! ) �4��!&4C5  �
 �<��	B6#2023(.  5	7 H�\ ��	vD ���!/�& 	��/ 3�4��% "�;��4 D�w ���I �	�% op2�� �����q/ ��
� ���% 

����%  �	��� ;��&�$ ���% �� <��/�	� 	vD% �� �#	�  	��#� 4����)6  �<��	B6# �2019(. ��2�Z 	��/ 3�4��% 
"�;��4 �� l��� ����42 ��	� ���& ?�!���> %	#��	�% ��D�&� �� 	 �>� /�<	#	  � ��	
�&I �42�� �qc ��4��& op2�� 

��q
�.� 	��/ 3�4���&  ����!/;� ��4R�	B�� �	�  �� ��7 �����42 4
�����	� %	#% � �H x2 ����� ) �#�4��	24�7  �
 �<��	B6#2024(.  %n��� �A� ��	]	92 I�� HB6�% ��� l��� E@	�� �� �� d��% �W4@ ���� ;����V  ��	K���

����� 4
2  �&; ��D� s4h��&� ���� � �����;� ��D� �� d�� 1�F ��J&� ���") �#�8  �<��	B6# �2020�g6# .( �H�;�
	F �4@V�
C42�  s��� ��&	 ��2&� �2> 4�%%	# P
�C� ;���� �9� ��	� B�2 	� ��V �  z�� �� < �� �H {\	�
/�4�>� �C%  �4#��4� V��)9  �<��	B6# �2018(.   

�	_��� ���	
C �� ���� G�/��D� 	� �2&� ;� 	��/ 3�4�� �	�� H�
�	��<> ��� � ��� ���4� ���B2 	
�2� 	#�� ;� 
5	6�7� &�	 ��D�&� &��	 #)�I| ��H ����� x2����� =>�4#��&10� 2012�� � ( ���;� 2���J� �6C ;� ���I  E@	��

�>�Zq"&� ��2 ���!# ;C�4� <> 	�&� ���	�� .���& �H��	0 	��/ 3�4��6
� %	#� ��� ��% ;� <	
C ����� �� 1��4C
�&�$ 9@	�� ��� => 	��4#�% � � ^�J�;6^�J �&�	� ������. �&<�� ��� ���	J ;9��� �� ;��;�	 ���� ���F� �  �&H 

�"&�� � 	�u�!��I!. �&H �� ���!/ 	� �4����� �   ��H%	# � � ^�J�;6 �^�J�> 	��Zq"&�% ��&�  ����� ��
�� ;� I�� ;C�4� 	��/ 3�4�� =4P��	� ���o����42 ;�h�	���	� �4@�  ���A�%	# op2 <> tP�A��� �����	� � ���q
�%

%	# ��2 �� �4C4�&� 	��> � .����&;� ;� 	��/ 3�4��x2 5	7 �� ������ ��	!J � ���!#%	#  &�	% ;������ ���6#� 
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<> ����J�	/ 	� G�\ 	� }W	6�7� 	#% h!�� ��2 ���&� ��4��. ���	��& �H�� 	 ;�	��� ;��&�% �	/ 	�% 6#� �o~��I 
���<> G	��� ;� �  V�	� Q�� G�P�!�  �  �� ;� � 42&1 	vD �& -  3�4�� ��	� �/$&� Iho ���6# ;� �&	��/<> %	# 	#

l��� �&	vD '	�9� ��  I
C��&�&I �	� ���@	A�� �  �&H �"&�� � ���D&� =	2��>% � �� 1��4C&<��  .I��  

  �	��	��&�	% � 	�&�	/�%	#  .���� �4C� 	��/ 3�4�� ��4� �� ��	K�� ��4� ;9��� ;� 84��� ;� �2	��	��  � ;��� <>
 �#�$" ;��	��^&��� � <��&� ���& ��" s4]4� ;� �2�� �	9�9:2 H&� V�	� ���!# �� :���	��6���V  � ��$�

 <��	B6#)1392( 	��/ 3�4���& �&<�� <��� Y�� ;� � 	�� �u���7  � ��	K��� 	� ��&�	� ���% �&�	
�!%	# �6#&�% 
	�	�� �4���& 	�� .�����&U <>	# 34� ��� <	��	��/ %	#�& !� �	24��W4@ 3�4�� ;� Ih���� � ���J�����% 

	" � I�� ;����&<	  �� � <	�!� 	#% �!A��H 	"�&� 34�	��/ %	#�& <����D�	B���� .���!# �2�<	  <��	B6# �
)1395;�
" (� G�/ %	#&<�� @ ��� ����	�	�� tP�A� %	#�& x2 ;� � ��������� <>�J���" 	#�� 	�� �&U <>� 	#��
�	 
�&H ;�
" ;� �4�	��/ %	#�& ���� I6� ;�J� %	#�� /���!/ �� ��[\� �	B�� b�\ I6� ;�D��xC %	#�	�&  W	�

����� \	6�� .I�� ����P� ) <��	B6# �1397x2 (��q"�&�% �D&H%	# PF��6� XJ	� '	�� �� ����2 %	#�h�  �
	��/ 3�4���& ;]47 ���!/ ����> %	#&� 	�� .��������F ;��	����4� �4��&U �&H <	�� �#�$" ���	��� �#	� ���#�

 �� XJ	� ����D� � ^�J � ��� %	#&� ���	���  �� XJ	� ��G�/ %	#�� ^�J���	�. �	F%�
  <��	B6# �
)2021P:2 ;� (�V  42 � ����&1 �	B� �- �	� � 	��% ;� =4@�� =	h7	��/ '���� XJ	� <�4�\�& @� ���� 

� ����� <	�� � ���J���" <	�!�	2&H ;� XJ	��&�$ � E@	�� ���;6^�J �&<�� �4�R ����%  .I�� ���� 5	h�� ��
�����% ) <��	B6# �1401���J� (�D %	#&H 	��/ 3�4���& F�� 5	6� E@	�� �� ��� �&<�� �����  ����2 .�����

	��/ 3�4�� s4F��& J�� ��� �&�	
�!	# ��D�&�� �� �� �J� �#	�� !7 .I�� ��4��H) <��	B6# � �4"1402 ;� (
P:2�V �	�>% 	��/ 3�4���& ;���� ���4�C %	#�  .���J���"  �h��	
�> ����  � ��	K��� 	�	�� %	#% ����;�  � 	��/ 3�4��
J��� �&/$�%	# <>	�	�� �� 	#�& 	�� .�����&U �����D ;� ��� <	�� �#�$"� 34�	��/ %	#�& �	24���� �����  ��4�

I��. 
�C� ) <��	B6# �2023��2 ���� (&� 	��/ 3�4���& ��h� ��� ���� ��� %	#&#	
�!�  XJ	�  � ��	K��� 	� �
	��/ ��2�& � ��&<�� �  � � ���� ���F ;��	�� ��4�&/$�<> %	#�����D � ����2 ;� 	#� /��� � ����  �� G�/ 3�4��

7�4�� PF� tP�A��6� ���J���". 	]��&  �) <��	B6#1398	�� ;�	��> (�& @ 	��/ 3�4��� � �� �� 5	� G�/ ����&<�� 
h��; 	�% � '	�� �� .�����&H �#�$"� ;�	��>	�� %	#�& <	�  �� 	��/ 34�<	B� � 	# tP�A� %	#&<	!B ��I!. 
67��&<	 ) <��	B6# � �4"1402x2 ;�9� (��� ;�	��>	�� %	#�& 	��/ 3�4���& � ��&<�� ������4� ���  � ��������F

	�� ;�	��> ����� <	���& 	��/ 3�4���& @� ��D� ;��q/ ;#� ��0&� &;�D	 � � ;� � I��% �# 5	� H�� 09/0  �
052/0 !P� ;C���'4 � .I�� ��4�&H ��D� {\	� ;�p!�&� 	�� ��	!�� %	#���;� ��/&�� ��D� ;� ���� �&�  �� %	#

Z� �#	� � G�/ .�� �#�4J ��� %	#'	h\��	 )2019� (&/$�%	# PF��6� op2 I:2 �� 	��/ 3�4���� x2��� PF��? 
���% b�\D��xC %	#�	�& � ��	��&<�� ���F ;��	����4� 	�� .���&U �� �	_��� ;� ��� <	��H�
�	�� ���%	# P�D� 

��D� 	��/ 3�4�� ���&� P�D ����2 �� �����D� ;� ;C42 	� 	��/ 3�4�� C��J� �	�� ;6#&4	# ;#� ��> %	#&��� 
 �#	�&��	. 4P\% ��	 ) <��	B6# �1399x2 ���� (����� �D&H%	# ��� �� 	��% �&�	
�!%	# �6#&�%  �9� � 3����

�	�� I:2&4%	# >&��� ;� �� �4_��&�	� PF� �	�	�4��6� ���F ;��	����4� 	�� .�����&U <><	�� 	#��D� ���� ���#�&�� 
	��% ����;� 	�� � EP��% 6��;� @ EP��� �� > 5	�&��� �  .�4�&H �	���� �% )1399( " �������� 	��% �&<�� 

 	��	B�> ;�% ��2	��/ %	#�& 	�� .���J���" 	��/ ��� 54@ XJ	�  � ��	K��� 	�&U <>	�� H�
�	�� ��� <	�� 	#% 
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 �4�� ;�W	�	2 26/1 !P� ;C���'4 ��D�&�  �#�4J&ID	. #	/���<	 ) <��	B6# �1400x2 ���� (����� �&/$�%	# 
	��/ 3�4���& x2 	� eh2����� PF��?  <	���
� ��&�� ������4� ��� ���F 	�� .�����&U <><	�� 	#��D� ���#�&� ����

��� �����D� � � ��4� 	��/ 3�4��&H 	� �� ����&� �&/$�	# ����	 ��#	�� ?# ��� � G���2 .I�� ����Ah�	
C  �
) <��	B6#1394	�	�� ;� (�&� ;9h@���% P:2 ��V �6#&�% 	��/ 3�4���& � =�c 5	6� �� 5	� G�/ �	� U�" ��&<�� 

4
�� .���J���"�6# Z�	c %	#&�% 	��/ 3�4�� s4F� G	
�# ;� .����� �&	�	�� �� �&6�	F� �4" �R	� � �D )1395 (
�4�C V7�4� �� �� G�/ 3�4��� ��&	% P:2 ��J�V ���"4��B� ���� G	������. ) <��	B6# � �4" G��1396 3�4�� (

	��/�& � =�c&<�� 	�	�� ���& P:2 ��V ���"4��B� ����� � ) <��	B6# � �����2017��� (&e ���"4��B�  ;� ����
����� =�c �� �� G�/ %	#&<�� ������4�� ��� ���F� .���  

 �4�� VJ�� �	��	��	��/ 3�4�� Z�	F �� �� �& 42&1 �	B��  - �	� ��  ���� � ��	� x2��� PF��6�  �&	 P:2�V �6#&�% 
���� ���F ;��	�� ��4����.  	� .���� �	��	�� �&	� 	� ������ ;C� �&	��/ 3�4�� �&	�	�� �	:� ;� �#�$" H&� ;0�/�

��	K2 5	7 H&��� <	�� �� ;��	�� H&� I�6#� � Y �� <> %	# :�#� ZPc���2 �� <	99:�&;P:2��V%	#   � 	��/ 3�4��
����� %	#&#	
�!� �	���4#� ���� ��	K������ ;� ��6� � ����%	# ;Bh��% � ;0�/� .I�� ��� ;C42&H ��&��B% 
P6\� 	�� 	�&U V�	FI�� �	6�\�� 	�� 	��&U  42 1�	2 <>&1 	vD�& �&�	
�!%	# �	���4#� 	vD �_� � ZPc� ;� I���& 

5�	���  ��4h�&	 	6�&��� F��9� => s�4�� ;6#  � �4#�&	 n�&?%	# 	���& � �4�� ������!.  G��F� �H&� �� ��[\
 H&� ��	B� � ��	�  �	��� �&	�	�� ��� 	�� �&	��/ 3�4�� 	� ;C�4� �� ;���	/ 	���&�"  �H&���	�� .I��� ��&H  �#�$"

;� <��&� �&	��/ 3�4�� ���6#�&/$�%	# h@���� <	����� ��4��� � 	�&H 	�	�� �� ;� ��	K2�& 	��/ 3�4���&   �
����;Bh� %	#�% �� ��	K��� W	� IF� 	�4�� 	6� ;�&��� h�	��� 	��  �% ;�
"D��xC %	#�	�&  .I��  � �H��g6#

;� 5	6�7� ��	
0 1�	2 Y�� V���P:2 <	B���V 2W	6�7�� 	�� H�D�/�_��� ���	� %	#  �r	����q"&�%  s�4�� �� W	�
 42&1	# �� ��	K���;� ;����� � ;��6� %	�� '	���� �&	��/ 3�4�� .�4��� V�P:2 � �&	�	�� ;�	/��C �4@ � ��4�

�A� %��� �� ;!&	9� <	B���� ?#��D ��J b��� �� tP�A� %	#�/$&� ��#�$" H&� �I&	
��� .���s4��� %	# %�2
V�P:2 ��4� �� �	��	�� �&	� ;� Ih!� �� ���F V�	� ;� �#������D� ���J�� �� ����2 � /����  �&	�� 3�� ����J�

��W4@ 54@ �34� .I�� ���� H&�2  

  

���� �
    

���������	" .���!# W	� ��	�  � ��	B� IF� 	� �6�PF� �	\[@� V�	� �#�$" H&� �� ��	K��� ��4� %	# �&	�� %	#
;� �	�� ;����� � ;��6� V�	� �����P� � 	� �� � ;�� �� ��4R30  � ;�	� 1995  	22024  ;� 5	� 54�D G	62 %���

��� 3��A��� �	� ^�BK2���� H&� .��� ?��" V!� V�P:2 	� ���� �	
&	"  � 	#" ���������� �<	���� �	���4#� 
	"���1 ;Bh� IF� 	� %�0,25��� ID	&�� ��4F ;C�������� �	
&	" H&� .�  �	\[@�'	�9� �� �� �6�PF� ��	�  %	#

�� ;m��� ;�� �� � ��\	��#�. ����%	#  <> ;�� ������ 1�6�2 '	�� �� ;� �^&) ��	�  tP�A� �4�� �� ��\	� %	#
��� ����� � ;�
2 (;�\	� �� �H�� �	��	�� �� <> IF� � ���;� �I�� ��� ��&p2 �PP6��%�4@%	�� %	�J ;� 

;�	#	�  � }W46�� <> °C 3/0± �6� �2��D���  <��	B6# � 4B���)2022(. �� ���� �	
&	" H&� Y���/%	# WMO� IPCC 

                                                      
1 European Centre for Medium-Range Weather Forecasts 
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XJ	� ���42 ��6�PF� %	# GCOS1 I�� ;�D�/ ���F ��	K��� ��4� ��� ��4�)2  �<��	B6# �2021(. ���� H&� �� 	#
E@	�� 5	gA& ���	� ��	�!#4� E@	�� �� ;P6C � �tP�A� �����	h�\� ���> %	# ��� ��� �� XA�� � 5�� ERA5-

Land  �4# %��� �� %	�� ���42 	� �� 	� �
�!h6# Z&�]   � �2W	�80/0 ;�&� �	���� H�
�	�� %	�J � %�   � ��6�
°C 2/0± ;�	#	� '	�9� �� .���� ��4J �	�!� ��BP6\ <	�� U&	�� H&� V�	F IF� ���#�  e&��� �� ��7 �;C42

���!# ����g�" �D��/4"42  <��	B6# � ��	���)2022.(  ��#�$" H&� ���;� H��  z�� %��� �� %	� ��x�� <�4�\
 ��� =	A��� �PR�;� <��� E&�@  �H�&	" H�� ��	&;� �%4C e&��� H�D�/�_��� 	� H��  z�� � 5�� z�� H&�2

���� .I�� ���> I��%	#  ;� �	
&	" H&�H&4P� Z!7 �� �� ;m��� ���?� 	� ��\ <���273,15 � ;C�� ;�'4�!P 
 V&�h2;� � ;�D�/ �	���� .� �H��g6#;��6� %	�� ;����� � ;�� ��  ������D 	�6  H&� ;� �I�� ��� ID	&�� ;�\	�

;� ���� ;� 	�� H&���4R �� � 	� �	
0 H�
�	�� 54@ �� ;�\	�24 ) I\	�00–06� 06–12� 12–18�  �18–24 (
 	��/ 3�4�� .I�� ��� ;h�	:� ����:� ��V�P:2 � ���� �&	�	�� <��&� �4��<> ;� eh2�� %	# Z�	F �� ��� 	#

;]47 VB�) �� ;m��� �4�� �&��> %	#1 .( 

 
>&�1: �1 ��3�R� ��7� �?R)��%76 ����
 �S�� T-�1U .�
2 .<	/��!&4� :1h�� 

I�� �
  

 %����&	�	�� ;�	��>  � }W46�� 	��/ 34��� ��	K��� �&	�� %	#�� ;� �4�;� ����42 t&��2 �h!� 	& I�	o ��4R
;�	��> .��4�  � �2W	� %	�� ���	� I�	o %	#40 V�	F � ��	� �;C�����!# ;!&	9�� ;� 	���� V��� e&��� ;� �
C42

������ �D	� IF� �tP�A� E@	�� �	J �6�PF� V/�)3 <��	B6# �� 2020(. ;�	��> �V�	9� ������ ;&	" �� �h!� %	#
� %�	�> %	#�����P �6�PF� �� ?�_�2 ;9��� �# ?�PF� 	� Z�	��� ���4� I&�4��)4  �<��	B6# �2013(. H�6# ��4@

��� ��&e x2��� PF��? ��D� �&�  	�� ;�;�	��>	�	�� ;� ��	F I�� HB6� I�	o %	#�& :R�z 34����	h� 	��/ %	#� 
;�	��>h!� %	#� ;� ����	F�� �4@m? ��� 	�&e 	���& �C&�  ��4� G	
6#�&�/ � <42�	�)5 �2019;� �H&���	�� .( V���
r	���� � W	� %�&q" ��	� � IF��& �����%  ��	�	�� �&34� 	��/ %	#;�	��> .���!# ����4J�� �4J �h!� %	#

                                                      
1 Global Climate Observing System 
2 Muñoz 
3 Vogel 
4 Seneviratne 
5 Barton & Greig 
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XJ	�;� �KP�A� %	#����> �4C�;� ��� 	9� 	�&;! 	��Iho %	#�	9� 	� ���&� �	�>%  H�
�	�� ���	�&	 Q�R %	#
�	J �� �	� � .�����&	��> ;��&<�� ����% PF� s4�2�6� ����!/�% I�� )�  ��<	�	%	#  E@	�� 	2 ^�J � G�/

�	�!#4�� ���  � ��	K��� � (;�	��> I�� HB6� EP�� %	#%��� ���	h� Z�	�� �4�� tP�A� E@	���  H&� ��
;�	��>  � �#�$" 6�7� ��	
0 1�	2 �� ���h� Y�� � �h!� %	#5	 (PDF) 34� �&	�	�� %���  ��� ��	K��� 	��/ %	#

;� ��B&�� H&� .I�� %��� � �&	�D��xC ;�9� �# �� �����P� %�	�> 1& 42 '	�� �� �� 	�� �I�	o ���9� ^& ;� 	B2� %	C
�� ��	& �� 5	�  �� �# ����  � ��& 42 5�� ^& �6&492  �� �# %��� �1F�� �� .��� ���#	�� '	�� �� 	�� %	# 

Q�R � ��� ;�J	� �A&�	2  Q�R ���	�) 1& 42 H&� �&W	� %	#90;� (G��� =	A��� ;�	��> <�4�\ �4�  � I�6��)
���n1 �2018 .(;�	��> ;� ���� �� I&�� H&� ���� H��0 �� �	/ 	� �P:� �6�PF� e&��� 	� 	# ��4� %��� �H&���	�� .

 ;� �@	9�	�� s4F� 5	6�7�!� %	#��	 <> �� W	� 	#����� I�� �� V6\ ��
� ���� ;�&H ��� s4]4�% ;�	����&�% 
��&�&I I�� ?
� <��:�.   

 1�	2��	
0 5	6�7� ;� ��4R ;����1 �� t&��2�4�:   

)1 (  f(T) = (1 / (σ √(2π))) × exp( - (T - μ)² / (2σ²) ) 

<> �� ;� T <	�� ���#� ���9�	�� I��. μ ���� H�
�	�� 	�� %	# � 	� ��� �_� ��4� ��	�  σ  �	��� r��:�� 	��I��.  

;�	��> ;h�	:� %��� %	#%�R��  Vu�75�80�85�90 � �95   � �5	6�7� 1& 42 1�	2  �;���� 2 �� ��	K����4�:   

)2(  P(Tp ) = μ + Zₚ × σ 

<> �� ;� P(Tp)  Q�R �� �&	�� ;�	��>p I��. zp ���9� Z-Score  Q�R ;� 84���p � 5	��� 1& 42 �� :}[uZ₉₀ = 

1.282  �Z₉₅ = 1.645 I��. μ  �σ ���� �	��� r��:�� � H�
�	�� Z�2�2 ;����!# 	�� %	#.  

;�	��> H&� ;h�	:� %��� ;� �	#����"  � �XA��  �� ^& �� r�R ���62 %	C   �� <> r��@� �� <�	9�� ��	�  %	#
�� ��	K��� ;� .�4�  ;�	��> H���2 %��� �5	u� <�4�\ �� 15 ���� �Hm�n  �&�	2 <>  � ��� � VhF  �� ��0 �&	�� %	#

�� ;�D�/ �_��� ����  � ��	K��� 	� ST� .��4�  ���R ;�	��> � ;h�	:� 	�� %�	�> 1& 42 �� 	� H&� �� �4C4� %	#
�� 3��A��� �_� ��4� �4� H�	K���)2  �<��	B6# �2012(.  �� {\	� Y�� H&� ;�	��> ;� �4�  ;� 	
�2 ;� 	# �����x2

�	24� �	�	�4� �o� ;BP� ����	� '	!7 �P:� �6�PF� �4� ;�D�/ �_��� ��� �P�D ���.   

��  � ��&	��/ 3�4�� ;h�	:� �4_�� ;� ��#�$" H&� ������ ;��42 %	#) <��	B6# � �m�� e�42 ���2018 �� (
ZP�� e�:�3  �� ��	K��� Q�R �90 	�� G�;� ;�	��> <�4�\ ��'	�� �	�  ����" �21  V�	�) � ��10  � VhF  ��

10  � �� ;� VF��7 ���42 ^& �%�	�> %���&	" �&��D� %��� �H&� �� ��[\ .�&��/ ;h�	:� (�_���4�  ��  � ���  ��
�� ;�D�/ �_��� 	��/ 34� t&��2 %��� .�� ��	�  ����" 54@ ;�	��> � ����� ���	� ��q/��op2 U&	�� �� ���42  %	#

<	�� ;���� I��	!7 �� ���J� %����� ����2 �&	�	�� ;� ���� ����" 54@ �&��D� ;� ��� �4�� ��	7��  �#	� ;�
IA� e&��� ����" 54@ ;����/ �� �&	�	�� %��6� %	#���J� � ���� �	�&� %�2  ;� ;C42 	� �I&	
� �� .�4�

;�D	& �#�$" %	# ) <��	B6# � �m��2018 (�	h�	:� IF� <	�� < �42 �	�&� %��� � F �;!&	9� I�P�	  H�� %�&q"
 ����" �tP�A� E@	��21 ;� � �� � =	A��� �&	
� ;�&�/ <�4�\� .;� 	��/ 3�4����� ;�	/��C ��4R% 	��% ����;�  �

                                                      
1 Smith 
2 Stefanon 
3 MATLAB 



186   �+�)��- ��C ��> �-N��  �
. ���N O�7���- �-4�� �
 �1-� PQ��¬.�
 �,�N()A  

6��;� 	�	���& P:2 ��V ������ ;\46�� ����J� �# %��� � �/$&�  � %�  5��C) %��P� %	#1 ( V�P:2 � 3��A���
 .����  

;�%4
�� V�P:2 �4_�� �/$&�  � ^& �# �����P� H�
�	�� ����� ��4�� z�� �� 	��/ 3�4�� ��	B� �� 	��/ 34� %	#
;�
";����� �&	�	�� %��� ���� G	/ �� .�� ;h�	:� <��&� �&	�D��xC % �@ �� �/$&� �# �u���7 �&�	9� ��P:� %	#
� 	� %30  � �&��/ 3��A��� (;�W	�) ;�	��@	9� �R �� %�	�> �_�  � ;� Q95;� ������� ���F G� �7�4� <�4�\

;�9� ��/$&� �# %��� ����:� 8	9� H&� Z���2 .���� XA�� ����:�34� ����� �� ��@	A��" �7�4�  � %� 	��/ %	#
 .��� ;m��� 

�/$&�  � ��
� Q�� %�������  � �XJ	� �# %�	�> %	#���46� ;�W	� %	#S�	� %	#�["1  ;�	�� ����!/ ;� �� ;�
2
���� �/�����" ��� ����� ��	�  ���� 54@ �� �� 	#H��g6# .���� 5	� �&	�	�� %��� 	� 5	� U�" ���@	A��" %	#

;h2� �/$&� �# %��� ;�W	� H�
�	�� H&�2W	�;� � ��� %��� ���46� ��4R��4��  .���� ���� �&	6� ��6�2 

&�  � ^& �# ��	�  ���� V�P:2�/$H� %�����	"	� <4� >  � ��	K��� 	� 	# - 5����2  8	9� %��� �;���� �� � ID�/ G	���
 %�	�> ���	��� ���� %���� ��<	��6@� z�� 95 ) �R��p < 0.05(� ��
� 	� ���� Z��S�� Z�� Y��  � %��/3 

 .�� ;h�	:� 

V�P:2 H&� s46��1�	C ����� 	2 ���> ?#��D %��!� 	# 3�4��  � %�2 ��4R �6�PF� � ��	�  ���	B� �	��� �� 	��/
��@	A� 	� �7�4� � ���/��&�" H&� ����� �� �2W	� %�&q"��4� �&	�	�� �6�PF� %.  

 :�(S1�N�-� W-��C :�-�+�)� �-���N O�7�� .�
�(� 

 �N�-�   ((6��) W-��C  

���J� ����2   G�/ ���� / 34� ���J� ����2(���J�)  
 �� ����2   �� ����2( ��) G�/ ���� /34� 	� ���6# %	#  

34� �/���  ���J� G	62 %	�� e�4���� <	�� �� G�/ ���� /34� %	#('4�!P�) .�#�  
34� 3��  G�/ �� ;�� �� %	�� H&�2W	��� =	A��� 34� �/��� '	�� �� ;� G�/ ���� 	& 34� H&�2('4�!P�) .�4�  
��W4@ H&�234� ����  ���� 	& G�/ 34����� �&	� <	�� �� �� ��	�  ���42 H&����� ;� %�( ��) .I�� ;���� 	#  

 

�J,-X Y�1 � 

�N�-� >���C�-���N O�7�� .�
  

��(Q� ��(�C 

;�9�%	#  VB��� = � t��23�4�� ���J� ����2 �/$&� � %	��/ ��	�  � %	�� �� <	�� �� ;��6� � ;����� .�#�
 H&� ��	B� 1& 42��&�" �9@	�� �� XA�� ����� ;� %	�� ;�� �� ;��4@ ��B�  � ;�	��>%	# �����P� �P:� �2��D 

;�D� I��.   

 �/$&� H&� ����� �;����� %	�� '	����;� ��4�� z�� �� ;� ��� <	�� H�� H�
�	�� �4@2  	25  	��/ 34� ���J�
;Bh� �# %��� � 5	� �# ��% �&	�D��xC  	�)�	���  �h&�9225 ���4P�� 1���V�	F (��" .I�� ����  

                                                      
1 Box-Plot 
2 Mann-Kendall 
3 Sens’slope 
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 >&�2�N�-� :�1 [�� ��(�C � ��(Q� ��(�C �+7J� .�
4U �@
 \L�1 ���7�, ����
 .�)�	�1 .��� ]�+��1 ��(Q� ��(�C �+7J� (W3� .�


�1 [�� ��(�C �+7J� (O .�)��L .��� ]�+��1 ��(Q� ��(�C �+7J� (^ (� .�)��L .��� ]�+��1 [�� ��(�C �+7J� (� .�)�	�1 .��� ]�+�

�� 4�	, �� _�`,��� a1�� � �,��� ��-�� .[�� ��(�C �@
 \L�1 ���7�, (� .��(Q� ��(�C �@
 \L�1 ���7�,.(
� 

��	B� �_�  � ;�=4�C � =4�C �P7	� �7�4� �C;]47 ��� � �4�� =�c ��  ��# � ����	/�/ �Q�2� %	# � 5	6�
5	6����J� ����2 %���� �4�� �7�4� ����� �d�����J� ����2 e�4�� �V�	9� �� .���!# W	� 	2 e�4�� %	# %	#

 '	�9� �� �;��6� %	�� '	�� �� 	��/ 34��4��  <���� H&��6� .���� %�2���:� ��	B� Y��!/ � ��4� ��6�
XJ	� H&� �� ���J�� C �) �4�� =�c % �� E@	�� ;� 84��� ;]47 ;P6 �&��>�;J� .I�� %���� �&4� �7�4� � (

� .��	� E@	�� H&� �� ;&	" %	�� %���&	" 	& ;��6� %	�� ���� �� �h!� �	ho  � ��	� I�� HB6� ;�p!� H&�V7�4 
�A� � ��4�C5	6� � 5	6�  � �&	#;� ��4�� =�c ;��6� %	�� ��2W	� I�4@� V���;� ���4�� ��4R;�	��>  � %	#

 �P:�I�� ;�D� �2W	�� ;�%�4@ ��� ;� VF��7 	�� H&� 8	9� �J�� �� ;�3 I�� ;���� G���2  ��.  



188   �+�)��- ��C ��> �-N��  �
. ���N O�7���- �-4�� �
 �1-� PQ��¬.�
 �,�N()A  

 ����� ����:� 8	9�;�I�� � ���>  � 	�30 ;�	� �7�4� H&� ��� <	�� ;]47 �� %	# �&��>^�@ -  �<	
�A�
<	�!04P� ��4�C  - � <4�	# �A��&	#  � �&4� �4� ���F �����. H&� E@	�� H&����� ��� <	�4� �� 3�4�� 	��/ �� 

�� '	�9� ;�W	� ;���2 �������� ;�;�4/%� ;� �� H&�2�&�� ����2 �I�	7 ���J�	# 	2 14  ��� Y���/ 5	� �� �	�
I��.   

;� ��P��4@ �����" %4
�� �� H&����� ;�9� �� �#����2  ���J� ��=4�C �7�4� �� �A� �� H��g6# � �4�� �F��
 %���:�5	6� % �� E@	��  � ;]47 =�c V�	�) =�c'�� � r��@� ;����� (<	�� ���#�.   

  

[�� ��(�C  

 �� ����2 H�
�	�� �����" %4
��I�	#���J� ����2 ;�	�� %�	&  �7 	2 ��� 	��/ 34� %	#�  %	�� ;� 84��� ;�9� 	��
 �;������
0�	TB& �� <	�� 1& 42 �� %����� ��	B��#�  VB�)2 (� �3.  �� �XJ	� H&� '	�� ��;]47 �&��> %	#

�	�� �&4� �%���� �&4�;� �^6� ;0	&�� � �4� H�� H�
�	�� �4@14  	218  �� .I�� ��� Iho 5	� �� 	��/ 34�  ��
����!/ �7�4�	2 =�c ��4� ;P6C � %� =4�C�4� ������ �� �4�� d�� �&4� d�� �%���� �&4� d�� �'�/�  %	#
� <4�	# ��4�	V�B�  ;� H�
�	�� H&� ���4�C <	�!04P� �18  	224 ��  �����.  

 �� H�
�	�� ��� ;��6� %	�� XJ	� %��� 	2 	��/ 34� %	#���7 19  �5	� ��  �������  Iho �9@	�� <	6# ��
;���� �� ���J� ����2 H&����� ;� ��� ��� XJ	� H&� �� Q���� ����:� 8	9� .�������� ;]47 	� �&��> ^�@ - 

�<	
�A � �A��&	#  � '�/�  d	h��� �����. �� ����:�H&�2 ����2 �e&���  ��%	# 34� 	��/ �� '	�� %	�� ;����� 
;� 90  ;� I�� ����� 5	� ��  ������� 5	6� � '�/�  �7�4� ��5	� �@ � ;����� ;0	&�� =�c %	#2021  �

2024 I�� ���� ��. ���J� ����2 ;� 84��� �����P� �&�	9� � �����" %4
�� ����� �s46�� �� �� ����2 � 	# %	#
�� <	�� 	��/ 3�4��?# 	��/ 34� ����� ������D 	� }	����� �2W	� }	9P�� %	�� 	� �7�4� ;� �#� �  ��� ;BP� .���!�� <	� 

 H&� ����/$&� �����x2 � �P:� �&	�� �	�	�4� 1�	2 ����� ;�	��> ;� Ih!� �h!�;9��� %	#%� - ��	�   	2 I��
e9D ;�	h� 	& ;�� �� EP�� %	�� 	���)1 <��	B6# �� 2016 .(  

H�
�	�� ;�W	� ����2  ��%	# 34� 	��/ �� %�	�!�  � �7�4� 13 �� 	�� �I�� �� E@	�� �R	J <4g6# �A��&	#  � 
'�/�   ��^�@ ;]47 - <	
�A�  8	9� 	� Eh���)VB� ����:�2 H&� �(3 ����2 	2 ���  � 30  �� ��� �&��D� ;�D	& 

I��. ���� ;����VB�) 	#2  H�� ;����� %	�� '	���� (� ��5  	238   ��)1  	27  �(���J�<	�� ���#� �/�����"
W	� �4C� 	� .I�� �4�� �� 	��/ 34� (���J�)  �� ����2 %W	� ��" 8	9� I�� ����� �4J I6� ;� �� H�
�	�� ;�  �

�� ��&p2� �4@ ;� E@	�� �J�� ������4� 34� ��/�� %	��/ %	# ;�� �����!#� ;�	�� ���� ;� I�� H&� �
�	�� 	#50 
���� �R�� 5�	��) 	#15 ;� (5	�  � ��6� H�
�	�� �4@13 )  ��3���� ;���2 �� G�/ 34� (���J����� .��� %	�� %	#

�6����� �&W	� �7 ;����� %	�� ���	� � ������ �� ���	9�� }	�h!� 1& 42 ;�����!/ 1& 42 	# ���&	" �7 ;� Ih!� %�2
�� <	�� ;� �������� ;�p!� H&� .����� ��� %�2W	� ���J� ���42 5	6�7� 	��/ 34� ���J� ���!� �7�4� �#� 	� ���42

 ;���� %����� �46� ?�PF� ���x2 �o� ����� .��	�  

  

                                                      
1 Barreca 



�� ��������� ������  ����15 ����� �49
 ����� ��
�� 3 �#� �1405     189  

 �N�T1��(Q�  

�/��� ���J� ;��/$&�  � �
&� �B& <�4�\ ;��6� � ;����� %	�� XJ	� �� �# '	�� �� �	��/ 3�4�� %��P� %	#
ID�/ ���F ����� ��4� VB�)3 .(<	�� � ���� ��	�� 	��/ 34� ���J� 54@ �� �&	�� ;���� ;� �/$&� H&� ���#�

16�2 �2���7 ��� s4F� ���� �@ ;�D	&I�� 34�.  

 
 >&�3�N�-� :�1 ��(Q� O�� � ��(Q� �N�T1 �+7J� .�
4U �@
 \L�1 ���7�, ����
 .��� ]�+��1 ��(Q� �N�T1 �+7J� (W3� .�


 .��� ]�+��1 ��(Q� O�� �+7J� (� .�)�	�1 .��� ]�+��1 O7� O�� �+7J� (O .�)��L .��� ]�+��1 ��(Q� �N�T1 �+7J� (^ .�)�	�1

, (� .�)��L��(Q� O�� �@
 \L�1 ���7�, (� .��(Q� �N�T1 �@
 \L�1 ���7� 

���� �
&�B& ;� %�	&  I#	h� ��&	�� XJ	� �� �# �� ��/$&� H&� ��	B� %4
��  VB�)3 (= �t��.  �&�	9� VF��7
 ���J� �/�������� ;� .I�� ��� ��#	��  �h�� � '�/�  ��	�!#4� 1K2�� �7�4� ���� �_� s4]4� H&� ��� ��	�

<	&�C �����!/ �#	�/ ��4" �4C�  � ;� ���� ;� ��	� E@	�� H&� �� ;�	h� �o~� �&	��� � �P:� �&�4# %	#
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�#	� �� 	��/ 34� %	�� H�
�	�� .�4�;� �#	� H&�����!/ �4@�� ;� I�� ���� �� ;��6� %	�� '	���� %�2
<	&�C ;� �� <> <�42� '4�4m	") I!��� eh2�� ^�2	�	2	� %	# ���n1 �2008 .( 

;�%��46#	� %4
�� � �&	�D��xC I��F4�  � ���	2 �/$&� H&� ��	B� �����" ��P��4@I�	# 4�� � ����)2 �2024 .( ��
?� � I!" �7�4� �� 	��/ 34� �/��� H&����� �V�	9� V�	� s	K2��I��%	# =4�C � =4�C E@	�� ��PJ�� d��

;� � �4���4�) <��&� ��4�C V7�4� �$&� �E@	�� H&� �� .I�� ��� ��#	�� (<	6\ %	&�� � '�	D U�PJ �P7	� �
;� �	&  �2���7 ;���� � W	� %	����6� %	�� '	�� �� �$&�;� ;� H&� .I�� <	&	6� ;0�	TB& ��	B� � ����!/ ��4R

 ��&�"����� ;��� �� �7�4� H&� %W	� I�4@� V���� H��  ;�	h� ��	2 �#� 	� �#	� {\	� ;� �#�  � 1�	� � ��
^�J�� Z� �	\	� �� 	�� �o~� <�����J� �H��g6# .�4�	&�� z�� e�42 ;�� �� %	��/ % 	� ;�) G	
�# �$&�

(	��/ 34� ���J� Y��/ E&�@  � <> =	2 	� �	&�� ?�!� ��_� �P:� %	# - �B�J ;� I6�  � �V7	� �
&� �P��4\ 
I�� ;� �� %���&	" %	��/ W	� �� Z� ) ���o~�P� <	� 	�� F��'4�	 4C � 	B&��>3� 2023 .( �� e&��� H&�4
��%	# 

;� ��� ;�W	�� 	� �� 4
�� H&� �6�PF� %���&	" �� � ��� ��&� �6�!� �4@;� .���� I�W� �����P� %	# �H�
�	�� �4@
 � 	� �� 	��/ 34� �/���30  ;� E@	�� H&� �� ;�	�39  � ;����� %	�� '	�� �� '4�!P� ;C��29  '4�!P� ;C��

�� ;��6� %	�� '	�� ���/$&� �&	� 	� %�	&  ��	�4T6# ��/$&� H&� �_�  � ����:� �7�4� .��� ����� 	��/ 34� %	#
) <	�� 4J ;
PC V�	� �V�	� �A� �(�&��> ;]47 �	
0 ��4�C ;]47 ;� � �4� �&4� ;]47 ��4�C � %���� %	#

�� <	�!04P� � <	�!�� <	�����4�.   

 �  VB�) ;�W	� 1& 42 �_�3(� � �/��� %���  ����J� H�
�	�� � ;�	�� ���7 %	�� ��28  ;C��� ��4� ?#�� Eh��� 
���� ���62� 	� �� 	# %23  	235 34� ��� �h!� ��
6# ��/$&� H&� �� ?� �/�����" .I�� ;C�� �� ;�� �� %	#

�� <	�� �� �4�� z�� .�#� ;� 84��� ;��6� %	�� ��H&� ���/$&  H�
�	�� 	� %����� �/�����" ���716,5  ;C��
���� ���� ��&� 	#) �4�9 .97  	223 .2  8	9� .(;C��;��6� 547 10  %	��� 	� �R	J E@	�� �4C� �
�	&	6� �;C��

 .���!# 	��/ 34� <	�  �� ��7 ;�	h�H�&	" %	�� 	� 8	9� H&�H�&	" �� H�
�	�� %���7	2 �2���� ;�	��  � �2	# ����>-

H&�	� .������� ;�	�� �5	7�� <	�� 	#����  � �6�� ���62 �#�����D �&	�� ;���� �� 	# H�� %�217,5  	223,2  ;C��
�/�����" .I�� ;���� ���F ����� �� �/��� %	�� ;��6� <	�� �;����� %	�� ;� Ih!� ���#����� s4�2 �� ����� %�

���J��&	�	�� %	# %	�h� �� ���;� I��]� H&� .I�� ;&	" %	�� �/��� � 34� �&	�� 3�� �/$&� %��� Q���� �4@
�� d�R 34� .��� 

O7� O�� 

Iho %	�� H&����� ;� ;� I�� 	��/ 34� �&	�� 3�� ������ ��4� �
&� �/$&� H&� .���� ��	�� ���J� 54@ �� ���
	� ��/$&� � ���� 	�� �7�� ;� ;C42�� %��/�� }W46�� � �4�<	�  �
�	 V&��� ��_� � �� �� %����4J ��	2 3�� %	#

;� �&	�� 3�� .I�� �
w ���� s4� �(r	R 	& %���) <	6�> I��]� �����4J ��	2 ��� ��op2 I:2 ?�9�!� �4@
I�R4�J �&	� � (�#	�/ 	& ��	�	��) �:�� ��4"%	# �B&��D z�� ���� ���F H��  ��)4  �<��	B6# �2024 .(�;

��	h\��
&� �� <	�� ;�A�� H&��� G�/ I\�� ;� �4# �7�4� G��� �� ;� �#� �34� �/��� ���	� H&���	�� � �4�

                                                      
1 Poulos & Zhong 
2 Wang & Liu 
3 National Oceanic and Atmospheric Administration (NOAA) 
4 Wu 
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�&	�D��xC I��F4�  � ;6#  � ���� V�D %��46#	� ��� I��h2 	#��� <�)1  �<��	B6# �2023(. H�6# � %4
�� ���
 �/��� %4
�� 	� ;�	�� �	�!� <> ��	B�� 34� ��� ����:� �7�4� .I� ���6�� ?� s	K2�� 	� � I!" E@	�� �� <	�g6#

���!#.  

���� H�
�	�� '	�� �� %	#30 ;�	�  VB�)3 (� �3�  ���7 ;����� %	�� XJ	� %��� 1K2�� E@	�� �� 	�� �u���7
25  ���7 ;��6� %	�� %��� � '4�!P� ;C��15 ��	2 G�/ � I!" �7�4� �� .I�� ��4� '4�!P� ;C�� H&� ��&q"

;� �&�	9�  ;� Z�2�243  � ;����� %	�� %��� '4�!P� ;C��32 ����� ;��6� %	�� %��� '4�!P� ;C�� .���
 ���K/ 5	� �J�� �� ;� I��	# 8	9� �J�� %����  %W	� ;� 	�� 3��50  � ;����� %	�� '	�� �� ;C��40  �� ;C��

 ���4� H&� .I�� ����� ��� ;��6� %	�� '	������� 5	� ;� 84���!# �&	#;� �4�� %	�� H�
�	�� ;� ��� �P��4@
I�� ��4� 5	���  � �2W	�. � H&I��]� ;� �� ;� <	�� 4J � ��4�C �7�4� ��_� ��4�� =4@�� � G�/ E@	�� �� �$&�

<>�� �#	�  �� � Z� %	�� r[�J� �W	� I�4@� V��� ;� 	#;� <	�!�	2 V�D �� ��� ;����� %	�� � ��	&V�	F �4@ -

 �
C42 	��&��D�  ��&	&�h� �K�4&) I�� ���6#2025(� �� ��#	�� ������4�.  

V�	F ;�B� }	�h!� 	��/ 34� 3�� %	�� �W	� s	K2�� 	� ��	�!#4� �7�4� �J�� �� ;� I�� <> �/$&� H&� ����� �� ;C42
Z��> I�� HB6� ��	!�� I�[� �	/�&�  � ;0�/� ;�p!� H&� .I�� ��4� H�&	"���	h� � �  � 	��  ��B&n4�4�� �_��

 �#	�/ ��4" �� �2���7 �	�D � ��> 1�	��������42 V�	F I�6#����	� ;���� �
C42. 

 VB�3 �� <	�� (�)	�� �#�%	# Iho��� 3�� ;�A�� %��� 34�%	# ;����� %	�� '	�� �� 	��/ ;��4@ H�
�	�� 
34 �� .I�� ;C�� �J�� E@	�� 	2 ^&��� 40 ;C�� ��� ����� I��. �;�	� %����	# 34,2  ;C��;� I��  	� Eh���

���� H�
�	������ <�	9�� }	�h!� 1& 42  � I&	B7 � ��4� 	#	� .���� 	#H&����� %W	� � H�&	" �7 ��4C��� <	�� 	# �#�
���� ����� �A� 	#� 	� ^& ��% �&	��  ���7) ���6�� }	�h!�31  	239 ;�D�/ ���F (;C�����. ��	7��;�  �&�	9�

 � ;��6� %	�� 18,3  	226 ;C��  (G4� 	2 5�� Q�	0 �) 	�H�
�	��  ���723 ����� �/�����" ;C��� �� �v��  �7�4�
e�4�� ;��6� %	�� ;� ���  � 28 ;C�� ����� � VF��7 %	�� ;&	" ;� �&  13 ;C�� ��� �#	� ;�D	& I��. 

�� <	�� ;��6� %	�� �� H�
�	��  � �2W	� ;�	�� �H��g6#G�/ ;&	" %	�� �#� .I�� ;���� %����� 1& 42 �2  

�,b7�O7� _-�C  

��W4@ ;� I�� �&	��/ 34�  � %�
&� ?
� ;�A�� 	��/ 34� H&�2 ���� ��	�� ����:� e&��� G���2 ;� � ���o�
34� ;� Ih!� %����� ��6�2���� �	24� %	# I�	" %�)2  �<��	B6# �2023(.  H&��/$&�  ��	& �� �� �6
� �9�

 ��&	��/ G���2 � ���=	2�2���7 �	�D V�P:2 � E@	�� %��>  ��e�:� � <	!��  �<��	B6# � <�) ����2023 .( ��
��W4@ ������P� H�
�	�� '	���4�� �� 	��/ 34� ���J� H&�2� ;��6� � ;����� %	�� XJ	� �� �# %����  ���7

7  	28 I�� ��� ���>��  ��  VB�)4 (= �t��   

��W4@ ;� ��� <	�� XJ	� H&� �&	vD V�P:2���J� H&�2 	#����� ;� ��4�� %�&4� � %���� �7�4� �� �� �$&�
;]474F��� �������� �&��> %	# - <	C���  ��[��^�@ – <	
�A� - 4��	
� ���� ��# � H�
�	�� �� ?# �4
�� H&� .��� ?

 .�� ��#	�� ;�W	� �u���7 �&�	9� ����� �� ��� H&� <�42; ;\46�� V��4\  � %��6�PF�  �&	�D��xC � ���� Ih!�
 ;P6C � ���9��� ���	�	�� � ^�J ?�PF�;�	�	� G���� %	#�	�D�" %	#G�/� %����4J �&�� ��	2�  ��4" t�]

                                                      
1 Ren 
2 De Polt 
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�#	�/  � �D��/4"42<	&�C � �4�:� ���:� �&�4# %	#�
6# �� �K7  34� ���J� <	�  ��� �&��D� � W	� %	��
;���� �9� �7�4� H&� �� 	��/���.  

;]47 <4g6# % �� �7�4� ��� �4�� =�c ��%	# �&��>  ;J�� � ;����� ;0	&�� �'������	��/ ��W4@ %	#  H��)6 
 	27 ���� Iho �� ( �� .���� H&� �PR� V&W�  I��]� ��;� <�42 4
��D�" %	#;�	�!�	2 �	� V&��2 	& ��> 1�	�� <��9D �

 �� �H��g6# .��� ��	�� 	�� �����;]47H��  e&��� �;J�� ���	� �&	#?� � ^�J %	# �D��/4"42 	� ���6# ���4"
I�� ��� ��4�:� � G�/ %	#;�� �� %	��/ I�	h�� ;� ���42  � 	��/ 34� G���2 �<��	B6# � ����) �4� ����2015 .(  

 
 >&�4�,b7� �+7J� �N�-� :�1 ��(Q� ���� _-�C�,b7� (W3� .4U �@
 \L�1 ���7�, ����
 (^ .�)�	�1 .��� ]�+��1 ���� _-�C

�,b7��,b7� �@
 \L�1 ���7�, (O .�)��L .��� ]�+��1 O7� ���� _-�C.���N O7� ���� _-�C 

Iho %4
�� ��
&� ;C42 Z�	C ;�B� .I�� <	�� 4J ;
PC �� ���� �&	�� 3�� � �/��� �&�	9� H&�2W	� Iho �4C� 	
 �;9��� H&� �� 	��/ 34���W4@H&�2 �	24� 	��/ 34� ���J���4� �
&� E@	��  � %�	�!�  � �2 I��  H��)3  	25   ��

 � ;����� %	�� %���3  	24 (;��6� %	�� %���  ��. �� <	�� 4
�� H&�;� ;�7	� H&� �� �&	��/ 3�4�� ;� �#�R ��4
 �&	#���J�;��� �G�/ � 	�� 	� G���%��6� �� �#	w��4� . I�#	�;9��� ?�PF� G�/  ;� ���� ;� ;�	��> %W	� z��
���J� Iho ��� �4� H��g6#� �� �7�4� H&� �� ���&	"	� %4C �&	&4" �#	� IP\ ���42 ���� 54@���J� H&� 	#

 .��	�  

� �� ;��6� � ;����� %	�� XJ	� �� ;!&	9�V7�4 ��	K2 ��� �4�� ��4�C � ��	6�V�	F %	#��� <	�� �� �
C42 
VB�)4 (= � t��. ��W4@ �&�	9� H&��6� '�	D U�PJ � ��J %	&�� ��	�� �7�4� �;����� %	�� '	�� �� H&�2 34�

34� %���&	"	� �
�	�� ;� ����� Iho ��V�	9� �� .I�� ;����� %	�� �_��  � E@	�� H&� �� �&	��/ %	# H�6# �
  � �7�4� �	
� H�
�	��) %�2W	� �&�	9� ;��6� %	��5  	26  ;���2 �� ( ��������� .��� �� ��	K2 H& �9� ;� <�42
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V&��2 ����� 1�	����� Ih!� l��� ��>.  �;� ��4R H&� ;� ;�� �� <	�4� ;���� �#	� 	� '�	D U�PJ � ��J %	&��
��  �� �� 	��/ 34� G��� � ���  � �	�����#	� ?# 	�� ����� %���&	" ;���  �;�	h� %	�� �#	�  � %��/4PC 	� <	� 

�� ?#��D ;��6� %	�� �_��  � �� 	��/ 34����� . �H&� G���2 ;��6� %	�� �_��  � 	��/ 34� �E@	�� H&� �� ���
 %�����;� Ih!� ;����� %	�� .����   

5	6� �7�4� �� ��_� �4�� �F��;]47%	# � �&��>��F �Q�2��W4@ �&�	9� ��� ����	/�/ � 4� ;!&	9� �� ���J� H&�2
;� ��PJ�� E@	�� �&	� 	�I�� ��4� ��6� �;����� %	�� XJ	� '	�� �� �$&�.  �� �#	� H&��� %��q/��op2 ;� <�42

;�	�	� �9� � ��J %	&�� ?�9�!���c ;� ��� Ih!� ��	6� ���&	"	� %	#1�	�  �W	� %	�� �
��4�";� 54@ �� �4�J
�� � ����4�  <��	B6#� <	�7	�D)2025 .( 

S�	� ���46� '	�� ���["  VB�)4 (3� ��W4@���� H&�2 �	�	�4� �;����� %	�� XJ	� �� 	��/ 34� ;��4�" %	#
;���� ;��6� %	�� ;� Ih!� %��������� H�
�	�� �XJ	� H&� �� .��� ;� ;�D�/ ���F ;�	��  � �2W	� ����� 	#<	��-

���#� �� ������" %W	� �&�	9� �4C� %��A� ����  ���W4@ .I�	#	��/ 34� H&�2 �(�4�� V� H�
�	��) %��� 
 ���746 �R�� ����;����� %	�� '	�� �� 	#  �%��� ��7 �50  �R������ 	# 5�	��)15 (5	�  %	�� '	�� ��
 ;��6� � ��� 5 I�� ����	��� 54@ ;�  ��. ���� �H&� �� <��D��� <	�� ;����� %	�� XJ	� �� ��" %	# ;� ��#�

 s4F� 5	6�7�34� ���� 54@ 	� 	��/ %	#10  ��� ����� 	&  �� .���� �4C��� ���4� H&�5	� r��� ����42 	� �&	#
��&�" s4F� 	& �	J �6�PF� e&���e�:� �� %����� %��q/�o� ;� ���	� �&	��/ �2�&�� %	#�I!&   � I�[�

IJ	��& ;9��� %	#����� %�.  

�N�-� .���U .�
�-���N O�7��  

 H�
�	�� 1& 4230  ;�	�7 VB�) ;h2� '	���� �/$&�5 ��� <	�� �(8 ;� ;��	�� ��4� ��	�  � 	� ��J� 5	� �4@
;h2� H&�2W	� ���4�� �_�  � �� 	#H�
�	�� �/$&� H��H�
�	�� H&�2W	�) ������ 	# ;� 	#;h2� ;� Z�2�2 	2 ^& %	#5 

��� ?�!92 H�� 5	� �# � (���2  	210 �/$&� s46��) �/$&�  � �� H�
�	�� H&�2W	� �(;����� � ;��6� %	#30  5	�
�� �H&���	�� .I�� ���� Iho �����/$&� �����x2 �� �� �2�	K�� ��&	��/ ���� <�42 ��#	�� ��4J ;� 	��/ 34� %	#

;� .�46�%�4@� ;�5	 %	#2021  �2024 ?�J�;���� �&	��/ 34� G	
�# ;� �� �&	��/ e&��� H&�25	� H&� �� .���
 	#3  ���4 �/$&� ����2 ��4�� � ������ �� H�
�	�� H&�2W	� 	& ^& ;h2� �/$&� H�
�	�� H&�2W	� ;� �&	#30  �� ;�	�

;����;h2�) ���� %	#1  �2.I�� ��� ;�!B� (  

5	� �&	� H�� ���� ������� �� (^& ;h2�) H�
�	�� H&�2W	� �/$&� �� ��� ^& �� ;� �&	#5	� ;� <�42 %	#1996 
�2001  �2011 �� .��� ��	��H�\5	� �5	7 %	#1998  �2010 �/$&� ����2 ��� s46�� �� �� %����� %	#

H�
�	�� H&�2W	� 	2 ^& H��) 	#5H�
�	�� H&�2W	� ���� .������ (� �� 	#�/$&� s46�;� � �4]� ;� 	# �4@
 .I�� ��4� ��&��D� %��
6�0 
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 >&�5 �F��� :5 _�`,��� _-�Cb�1 [� ��7�:�+ 4��� �� ��C� ]�+��1 �-���N O�7�� �N�-� .�
) ��3�R� ��7� .�
2024 -1995( 

  

�������
 �-�+�)� �6�7, _-�C  

�/$&�  � ^& �# ����:� 8	9� Z���2 	��/ 34� %	#;� (�&	�� 3�� � 34� �/��� � �� ����2 ����J� ����2 ���	�)  -
��@	A� 	� �7�4� ��4J�� �	B�> �� ��&�" H&� %W	� %�&q" VB� �� .���6�9@	�� � ;� 8	9� ����:� VF��7 �� 

�/$&� 34� �� V�	� �� 	��/;� �������@	A��" 8	9� <�4�\ �&	�	�� ������6# ���� 	� s4� ��@	A� <	�� ���� ��� 
I��.  

 
 >&�6�N�-� d�L�C �e, [� �������
 f��)� :�-���N O�7�� .�
 

V�P:2	# <	�� ��� ;]47%	# ^�@ - <	
�A�� � l��� <��	�  �_��  � ���»���J� ����2 « �»G�/ 34�  �� ����2 «
 b��� ����J ����� ���F �$&�.  �7�4� H&������ ��" ���4�;���� � 	# %	# ��4�C-  �F��1F�� '�/�  H&� �� .���
;� �E@	��<	&�C VJ��2 �� ��	�!#4� �D��/4"42 ��A��o� V����&	�� ��
6#	� �	�&� � �&�4# %	# �  %���&	"	�

�P:� H�
�	�� ;� Ih!�� W	� ���J� ����2 Iho ZC4�  �� �� %	#���4� �� ��� 	��/ 34� .I�%4� ;]47 ��
&� %	#
 ;� 84��� �&��> <	�� 4J <	���)<	�� 4J ;
PC V�	�(� <4�	# ��4� �&4� - �����# '	h\���� � - U&���  �_�  �
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»;������&	�� %	# 34� 3�� 	& « �»	��/ 34� �/��� «;� �7�4� H&� .����� ���F W	� ��J z�� ��  ��op2 Zh�
l�� �&��D�) <	!�� I�[� %�� �� W	� �	�!� EP�� %	�� ?�9�!�� ��	� ����IJ	��&  �(	��/   ���42 �%�
� %	#

�$&� I�6#� �=> 1�	�� I&�&�� � % ��	��;]47 H&� �H&� �4C� 	� .����� %����J� ����2 �_�  � 	# �� ����2 � 	# %	#
H�&	" %���9� 	��/ 34�<> IP\ .����� E@	�� �&	�  � �2 ;� ;�	��> H���2 �4:� ;gA&�	2 '	�� �� 	��/ 34� %	#

Q�R) �P:� (��6�2 %	�� %	#���/ ����	�� ;� ��	�	�� � I!" �7�4� �� ��&  � �I�� W	� ;��6# EP�� %	#
Q��� �P:� H�
�	�� ���9� ;� Ih!� �&	�� �	�	�4�;�	��>  � ��6� � I�� �2t&��2 %�� �4h\ ��� <	�� ;� .���

;� 	��/ E@	�� H&� �� ��
&��� �F	� W	� ���	o ��4R� ;0�/� � ��	� �����x2 �I�� �	&  �	�!� 	�� �u���7 �&�	9
%�	��#	�) �h!���  ��� ��6� �I�� ��4��� <> �� 	��/ 34� t&��2 ;� (�&	�� Ihu� %	# H&� %	�u��� .��� I��]�

;�7	�5	6� �P7	� % ?# ;� I�� (�
�#	� ���� ^&���) '�	D U�PJ =�c»l���34� �/��� H&�2 « ?# �
»���J� ����2 H&����� «;� ��?# �4@I�� ���� Iho <	� . ?# VJ��2 �<> �PR� IP\ �&	�� � ���4@� e&��� <	� 

���J� ������D �� ?# � (;�����) ��� �� ?# ;� I���� ��op2 	#���q/. ;]474F��� �������� �&4� %	#  - <	C���  �
<4�	# - <	&�4� 	C  �	:� ;� ���»��W4@ ���� H&�2�"	�" 34� 	��/« � »��H&��� ����2  ��« �� t&�� E@	�� 
��J�" ���F �����. �� H&�  ��7�4�;�) W	� �&	��/ �	�D=	2 � (�4# �B�J � ����4J �&�� ��	2 V��� ���:� %��>

���J� ��W4@ %���&	" ;� ���� (��> 1�	�� � �#	�/ ��4" �4h6�) H�&	"I�� ��� �&	��/ %	# Y��#)1  �
 �<��	B6#2022 .( 

 �s46�� ��;]47<4�	# ��	6� %	#  - <	&�4� 	C )�A��#4B&	" %	# �(C d�� �<	/���# V7�4� �<	�!04P� =4�
^�@ � l��� <��	� - <	
�A� ;�?# V���) 	��/ 34� tP�A� �/$&� ;� �� ����:� 8	9� ��	� 3��  ���J� ����2 �	��

 ;C�� H&�2W	� 	� E@	�� ��C (34� �/��� ���@	A� ;��� �	6��� .��&> <4�	# �#4B&	" �A� - <	&�4� 	C ��7 
�h���2  � �	
0 �/$&� ��� ��#	�� ��� I��. H&� ;���%��� <	�� ���#� ;� ��[\ �� ��� �&	��  �EP�� %���&	"

���J� G���2 ���@	A� ���� %��� 	��/ %	#H���2 �	�!� �6�PF� %�&q";�	��� � I�� �����%�&� � %�	/ 	� %	#
 ^!&� I&�&��;6# �&	����	� ;���� �_� �� �� (��	B� 1& 42 � ���� 54@ �S�	��D ����) �	��� H&� %.  

�N�-� �,��[ (,�� >���C�-���N O�7�� .�
 

�/$&�  � ^& �# ��	�  ���� Z�� ;Bh� �# %��� G�/ 34� %	#�&	�D��xC ;� � ;h�	:�;�9� �� ��	B� 1& 42 ��4R-

VB� %	#) %	#7 �8  �9 �&	6� (;�9� H&� �� .I�� ��� ������� ���� <	�� �@	9� 	
�2 	# <4� > '	���� ;� ���
 H�-  �_�  � 5�������� %���� ����%�	�> %��� (p < 0.05) ��4����. �;� 8	9� H&� Z�;�4/��� %�?�!92 � %���

���� ?�9�!� ;!&	9� <	B�� ;� I�� ��� %��� ;����� � ;��6� %	�� '	���� 	#%��� �# �/$&� ?#��D  .�4� 

�/$&� ��	�  ���� V�P:2  �4�� ?_\� �A� �� ;����� %	�� '	�� �� ;� ��� <	�� �&	��/ 3�4�� %	# ��4� �C ;�)
�A� � �4�� ��	6�;]47  � �&	#(��4�C � ���c %	#� ���J� ����2 ���� �� ����2 � 	��/ 34� %	# �	��/ 34� %	#

I�� ��4� ��&��D�  VB�)7 �t�� (3. ;� ��	h\  ��� ?# � ����7 34� s4F� �	�D� ����2 ?# �8	9� ZPc� �� ��
&�
I�� �&��D� 5	7 �� ���� ;� 5	� �# �� <> ��6�2 <	� . �� �� 4
�� H&�  ��	!� �&��D� � ��46\ �&	��/ ;� <�42

�� V�
!2 G�/ %�4# %�	/��	� %��� �� e&��� ;� ��� Ih!� <��&� �� ;�	�!�	2 %	#�	�D�" ����. l��� Z�� H&�2
;���� �/$&� �� H&� �� �� ���J� H�
�	�� H&�2W	� ;� I�� �7�4� �� Eh��� ��&��D�;]47 1K2�� �7�4� .���%	# 

                                                      
1 Hirsch 
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 ^�@ - ;� <	
�A� �u���7 Z�� %���� ��	B� �_�  � %���6�� �4@0,43 ��4� 5	� ��  �� �� 	2 ^& H�� � ���J�
 .���=W	2 �4C�) ^&n4�����# I��	!7 �� ��[\ E@	�� H&�  �#	� ��op2 I:2 ��� �6�PF� �_�  � �(��> �&	J� � 	#

Y�	� � ���� ;� ����� ���F 	�� �&��D� � ;�	�!�	2 %	#I�� ��� 	#���J� ��� �&��D� ;.    

;��6� %	�� �_��  �� ��	K�� %4
�� VB�) �� ��&� %�27 �A� .(=;]47  � �&	# ;
PC � '�	D <	��� %	#
 ����J� ����2 �_�  � =�c % �� ;]47 � <	�� 4J�� ��&� ��#	� ����� ���� �� ;� �4�  G���2  � ��	� ���42

��Ah2  - � Q	J I�4@� �9� � d��2��	� ;�	h� %	#	�� V&��2 � .��4� �V�	9� ��P7	� %	#�   � �4�� =4�C � 5	6�
	��/ 34� �_��% 	��) ;�	h�% 6��;���D� ���� (&�� �������% ���J� ����2 ��;���� 	# ���9� �u���7 ;0�/� .���

��Z ������� 	�� ��% 6��;�  ���7)0,27  � 5	� �� ���J�1 6� (5	� ��  ��� 	"�&H�2 �	9�  �&� 	�� �w	���% 
����;� I�� �� 	��&H 7�4� �� �u���7� 5	6�F���  �l��� <	���J <	���) �7�4� 	� Eh���� � I!"��	�	�  V�	�

4�&� ����%� ^6� � �4��g6# � (r�4J �� �H �4�C ����2&H ;]47) �4�� 8	9��4�C <	�!04P� %	#�  �
'	h\���� - &��UI�� ��� ��#	�� (.  

 

  
>&� 7 4�)���� gR+ �� �,��[ (,�� d�� :95 �N�-� .��1 (h�� (,�� d��� (O � W3� .���N O�7�� [�� ��(�C � ��(Q� ��(�C .�


.�)��L .��� ]�+��1 (,�� d�� (� � ^ .�)�	�1 .��� ]�+��1  

/��� �	:� ;�� 	�� '	�� �� ���J�% �����;� �A� �� 	#�& ;]47  � 	#% �4�C�� P7	�� ����% �#	��� �]�t 
 VB�) �� ��#	��8  ��� .(t��% � 34� 3���� �4�C �<	�!04P� ��� 6#�H  VB�) �� Iho 4
��8 � .(3&H  �	�D�

�� ���42 ��2 	�&V ��&	�& ;�	�	� �9�) 	#% !��? ��&	 - �B�J��D� � �2W	� I�4@� �(&� 	��/ �	�% �A� ;�) <	
�� 
n���  �% G�/  � �� � r�:�� �4# <���� ���(� ���D&� �	�����/ C��� <�4� ���� �� 	#% �4!�4�� ��	� eh2��. P��4\� 
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���:� ;� }W46�� ;�  <���u���7 %	�� � ���� ;�� ��� ��4� .	�H&�I��� �_��� �&	� �4C�� �	7 ���; ��&	 ��2�Z 
54P� 	#% B�J� - &��	 P:2 	� ���V° 0,25 �� ���42 �v2 �� 	�� 3�� �	�	�4��t ���	�� ����&H� �&H �] ��#	��t  	�

�7��8	 !K2�� �� �4� .  

����!/ �7�4� �V�	9���;]47  � %�2 ^�@ V�	��4�� ���c %	#-  �<	
�A�� =�c =4�C ;J�� �l��� <��	
H�6# �l��� �����K�;� �I�� ��4� ��&��D� Z�� ���� '�	D U�PJ ���c 5	6� V7�4� � ;����� ;0	&�� �4@-

%�4@ %��� ���� H&� .I�� ;���� �&W	� ;� �� e�4�� �&��D� 34� %	�� e�4�� ;��/$&�  H�6# �� 34� 3��
�A� ��[�� E@	�� H&� �� 	# ;0	&�� � 	# =W	2  <�� ^�J .I�� ��&p2 ��4� =�c % �� � '�� ;]47  � �&	#

 �7�4�;����� Vu� ������ �� �o4� V��4\  � ���42���� �&��D� <�� ��� .���	� 

 
 >&�8 4�)���� gR+ �� �,��[ (,�� d�� :95 �N�-� .��1 (h�� (,�� d��� (O � W3� .���N O�7�� .��� O�� � ��(Q� �N�T1 .�
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EXTENDED  ABSTRACT 

INTRODUCTION 
Mountain environments are vulnerable to climate change, especially glaciers and permafrost in these 
areas is susceptible to degradation. Deglaciation and thinning of glaciers are closely related to climate 
change, which is closely related to several natural hazards, including landslides, floods, debris flows, 
moraine collapses, and slope failures. Recognizing the challenges posed by debris flows in 
mountainous environments; this study examines a series of debris flow events occurring in the Haraz 
catchment area of the Alborz Mountains. The main objective is to investigate how factors such as 
glacier retreat, ice volume reduction, geomorphology, and abrupt meteorological changes affect debris 
flow processes. By integrating meteorological data with observations of glacier dynamics and 
geomorphological environments, this study aims to identify the relationship between climatic factors 
and the frequency or intensity of debris flows. This research is particularly important for predicting 
future risks and informing mitigation strategies in mountain environments affected by climate change. 
The main objectives are: (1) to quantify glacier dynamics by analyzing changes in glacier area from 
satellite imagery, along with changes in surface elevation and glacier mass balance; (2) to analyze 
climate change trends using ERA5 data, focusing on daily precipitation and temperature changes and 
their effects on glacial debris flows from 1994 to 2014; and (3) to characterize geomorphic features 
and areas of origin and initiation of debris flows. 

 

DATA AND METHODOLOGY  

The Damavand glaciers are located in the central Alborz mountain range and are shown on a 1:50,000 
scale topographic map. Damavand Peak, with an elevation of 5610 m, is located at the geographical 
coordinates of 52°E and 36°N in the Haraz basin (Figure 1). In recent decades, the study area has 
experienced numerous floods and debris flows, especially in the years 1368, 1369, 1386, 1397, 1401, 
1402, and 1403. In the meantime, two important events occurred on 6 and 17 Mordad 1401, when the 
debris flows caused serious damage to residential areas in the Gaznak region and many villages 
downstream of the Sioleh and Yakhar glacial basins. To characterize the changes in the glacial area, 
Landsat satellite images (TM, ETM+, and OLI/TIRS) with a spatial resolution of 30 m and 
corresponding to the years 1373 to 1403 with minimal cloud cover (≤5%) were used. The images were 
taken during the late summer melt seasons (July and August) and from the USGS Earth Explorer 
website (https://earthexplorer.usgs.gov/). To calculate the height of the glaciers and the volume 
changes that occurred, the 30 m DEM obtained from the website 
(https://search.earthdata.nasa.gov/search) was used. Also, high-resolution Planet satellite images 
available at (https://www.planet.com/products/satellite) were used for temporal analysis of events 
before and after the debris flow.  
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Figure 1: Map of driving factors on water use efficiency in the study area 

 

RESULTS AND DISCUSSION 

By examining Planet satellite images from before and after the debris flow event of August 1401, the 
source and area of the onset of glacier melting in the Yakhar and Sioleh basins were determined. In 
Figure 1, the general location of these areas is shown with an asterisk. As can be seen in this figure, 
these areas are located on the ends of the arms of these two glaciers. The slope of the land surface in 
the source areas is 43 degrees, and its altitude is 4350 meters. As can be seen in the images, as a result 
of glacier melting, cracks and fractures formed by glacial activity are exposed and provide debris-flow 
material for floods. These changes in surface properties, associated with glacier dynamic changes and 
high rates of glacier mass loss at the terminus, significantly affect glacier instability, leading to debris 
flows and floods. The parameters used to determine the source and initiation areas are summarized in 
Table 1. 
 

Table 1: Details of parameters used to determine potential source areas and initiation areas of glacial debris 
flows in mountainous areas (Allen et al. 2008). 

Parameter Glacier lake overflow Glacier debris flows 
Debris flow in the Yakhar and 
Sioleh basins in August 1401 

Glacier surface 
features Lakes dammed by steep glaciers 

Debris accumulation 
in glaciers, non-

consolidated materials 

Water-filled crevices, cracks, and 
abundant, discontinuous glacial 

deposits 

Critical slope 
Excessive sediment absorption and 

concentration, 10-degree slope 
Starting slope (25 to 

38 degrees) 

A slope of 25 to 45 degrees is very 
favorable for the initiation of a debris 

flow. 

Maximum 
possible deviation 

The flood can advance more than 200 
kilometers and reach an angle of less 

than 3 degrees, 
Up to 100 km 

The access angle is less than 10 
degrees, and the exit distance is more 

than 10 km. 
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Based on the processing of satellite images over the Damavand glacier area, over a period of 30 years 
and over three 10-year periods, the area of the Sioleh and Yakhar glaciers has decreased from 3.4 km2 
in 1994 to 2.3 km2 in 2004. The largest glacier retreat occurred between 1393 and 1403 with 67.7 
percent, followed by 1373 and 1383 with 19.4 percent. The lowest retreat was observed between 1383 
and 1393 with 37.3 percent. The total retreat rate for the entire study period was 14.51 percent. The 
average rate of retreat over these three periods was 0.484 km2/year. The glaciers in the study area 
experienced a constant negative mass balance from 1373 to 1403 with an average of -0.03 meters of 
water equivalent per year (m w.e a-1). Significant changes in mass balance were observed at almost all 
elevations. Specifically, lower elevations experienced a larger negative mass balance (0.3 m water 
equivalent per year) than higher elevations (0.01 m water equivalent per year). That is, glaciers at 
lower elevations lost more mass, which can be attributed to higher temperatures, rapid melting, and 
reduced snow accumulation. However, glaciers in both basins experienced different negative mass 
balances that were influenced by elevation changes, bedrock characteristics, debris cover, and slope 
angle.  
 

CONCLUSION  

The present study demonstrates the interplay between glacier dynamic changes, geomorphology, 
precipitation, and temperature in guiding debris flows and floods in mountainous environments. The 
findings of the study showed that multiple debris flow events, accompanied by catastrophic floods in 
the Yakhar and Sioleh Damavand catchments, were caused by long-term changes in glacier dynamics 
accompanied by increased temperature and heavy precipitation. Based on this study, the following 
conclusion can be drawn. Over the past three decades, the aforementioned glaciers have continuously 
experienced negative mass balance, such that the glacial areas, especially in smaller glaciers that are 
more vulnerable and sensitive to climate change, have retreated significantly. Analysis of satellite 
images revealed significant temporal changes in glacier dynamics and their relationship with the 
debris flow events of Mordad 1401. Between 1393 and 1403, intensified glacial dynamics led to the 
exposure of the bedrock at the glacier's end, probably due to the loss of ice mass and its high melting 
rate. The glaciers had unstable surface features such as crevasses and cracks that may have weakened 
the glacier's end before it failed. The stability of glaciers, especially at the end, is very sensitive to 
melting rates, precipitation, temperature fluctuations, and mass balance changes. Continued retreat and 
loss of ice expose steep slopes and unconsolidated sediments, increasing the risk of slope failure 
leading to debris flows and flooding during sudden climate changes.  
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1 - European Centre for Medium Range Weather Forecasts 
2 - Hypsometric Integral 
3 - Stream Length-Gradient Index 
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Spatial Planning and Physical Resilience Against Flooding. Flooding, a pervasive 

natural hazard has exerted increasing pressure on Iran’s rural settlements over recent 

decades, driven by climate change and unsustainable land-use patterns. These 

settlements exhibit compounded vulnerability due to deficient physical infrastructure 

and heavy reliance on natural resources for livelihood. Within this framework, the 

present research analytically evaluates the spatial planning indicators that influence 

the physical resilience of rural areas in Land Planning Region 7 (comprising Zanjan, 

Qazvin, and Markazi provinces) to flood events. This study employed a descriptive-

analytical method with a quantitative approach. Data collection involved field 

surveys and a researcher-developed questionnaire administered to 375 rural 

household heads and 86 subject-matter experts. One-sample t-test results indicate 

that the mean scores for all investigated dimensions remain significantly below the 

theoretical optimum of 3 for both groups. Specifically, the overall mean reached 2.42 

(t = -81.180) from the villagers' perspective and 2.65 (t = -11.476) from the experts' 

perspective. Furthermore, an independent t-test revealed a significant perceptual 

discrepancy between the two cohorts (p < 0.01). The governance dimension 

exhibited the most substantial gap, where the experts' relatively positive assessments 

directly contradicted the local community's critical evaluations. The findings 

demonstrate that persistent centralized; top-down spatial planning decouples 

infrastructure development from indigenous needs, thereby eroding physical 

resilience. Consequently, this study advocates for a fundamental redefinition of 

institutional mechanisms and the strengthening of participatory governance as 

essential prerequisites for enhancing spatial resilience in flood-prone rural areas. 
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EXTENDED  ABSTRACT 

INTRODUCTION 
In recent decades, the increasing frequency of natural disasters, particularly floods, has posed serious 
challenges to sustainable development. Rural areas are especially vulnerable owing to their social and 
physical characteristics. Traditional engineering-based approaches to flood management are no longer 
sufficient to address the complexities of climate change, highlighting the urgent need for resilient and 
flexible strategies. In this context, spatial planning can enhance the physical resilience of rural 
communities to floods by integrating various dimensions, including land-use management, 
infrastructure design, and local participation. This study aims to assess the current state of spatial 
planning indicators for physical resilience in flood-prone rural settlements within the Seventh Spatial 
Planning Region of Iran (comprising Markazi, Zanjan, and Qazvin provinces). By identifying existing 
gaps, this study provides a foundation for developing effective solutions. 
 

DATA AND METHODOLOGY  

This applied, descriptive-analytical study employed a quantitative, analytical-comparative approach. 
Data were collected through a combination of documentary analyses and fieldwork. Following a 
thorough review of the theoretical foundations, a conceptual model was designed for the spatial 
planning of physical resilience in rural settlements facing floods. This model includes dimensions of 
spatial planning (with normative, governance, political, and spatial indicators), physical resilience 
(with indicators of robustness, redundancy, resourcefulness, rapidity, reflectivity, flexibility, and 
integration), and flood resilience (with indicators of resistance, coping, recovery, and adaptation). For 
the fieldwork, a Likert-scale questionnaire was developed, its validity confirmed by experts, and its 
reliability verified with a Cronbach's alpha coefficient above 0.7. A multistage purposive sampling 
method was used in the Seventh Spatial Planning Region. Initially, high-risk flood counties were 
identified, and 25 villages affected by the severe floods in April 2019 were selected as the final 
sample. The statistical population included two distinct groups: 375 household heads from the 25 
selected villages and 86 experts in crisis management and rural development from the three provinces. 
This diverse sample allowed for a comprehensive and multifaceted analysis. Finally, the collected data 
were analyzed using descriptive and inferential statistics (one-sample t-test and independent samples t-
test) in SPSS software to evaluate the status of the indicators and the differences in perspectives 
between the two groups. 

 

RESULTS AND DISCUSSION 

The findings indicate that the status of spatial planning indicators for physical resilience in the rural 
settlements of the Seventh Spatial Planning Region is below the desired level, according to both 
villagers and experts. The overall mean score for all variables was 2.21 for villagers and 2.65 for 
experts, both significantly lower than the desired score of 3. A key finding was the significant gap in 
the perception and evaluation of these indicators between the two groups. The independent samples t-
test revealed that the experts' mean evaluation was significantly higher than the villagers' in all 
dimensions (normative, political, and governance). For example, in the governance dimension, 
villagers reported a mean of 2.14, while experts reported 2.23, indicating a significant difference. Both 
groups rated normative and political dimensions unfavorably. The normative dimension (with mean 
scores of 2.24 for villagers and 2.42 for experts) highlights a weakness in institutionalizing resilience 
goals and values within planning documents and processes. The political dimension (with mean scores 
of 2.23 for villagers and 2.46 for experts) signifies weaknesses in the formulation, consistent 
implementation, and support for post-flood reconstruction and reinforcement policies. Overall, the 
results of this study reject the hypothesis of stability in spatial planning indicators for physical 
resilience in rural areas of the Seventh Spatial Planning Region, concluding that their status is unstable 
and requires urgent corrective action (Table 1 and Figure 1). 
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Table 1: Significance levels of spatial planning variables for physical resilience based on a one-sample t-
test among experts and the Villagers 

Type of 
respondents Dimension t-value df  Sig Mean 

Mean 
Difference 

95% Confidence Interval of 
the Difference 

Lower Upper 

Villagers 

governance -64/925 374 0/000 2/14 -0/86 -0/88 -0/83 
normative -55/346 374 0/000 2/24 -0/76 -0/78 -0/73 

policy -35/637 374 0/000 23/2 -0/77 -0/81 -0/72 
Total 

variables -81/180 374 0/000 2/21 -0/79 -0/80 -0/76 

Experts 

governance 5/411 85 0/000 3/23 0/23 0/15 0/32 
normative -16/150 85 0/000 2/42 -0/58 -0/65 -0/51 

policy -9/862 85 0/000 2/46 -0/54 -0/64 -0/42 
Total 

variables -11/476 85 0/000 2/65 -0/35 -0/41 -0/29 

 

 
Figure 1: Comparative Analysis of the Perspectives of Villagers and Experts on All Dimensions 

 
CONCLUSION  

The study's results indicate that enhancing physical resilience in flood-prone rural areas requires a 
multidimensional and integrated approach that seriously considers normative, governance, and 
political dimensions within the framework of spatial planning. These findings highlight the serious 
challenges of collaborative governance in rural areas. The perceptual gap between villagers and 
experts, with villagers having a more negative assessment, suggests a trust and awareness deficit 
between local communities and higher-level institutions. This gap may stem from a lack of 
transparency, insufficient accountability, and superficial participation in the processes. Furthermore, 
weaknesses in the normative and political dimensions point to the absence of a cohesive operational 
framework for achieving resilience goals and ineffective policy implementation. In light of these 
findings, a set of policies and executive strategies is proposed. To strengthen governance, mechanisms 
for public participation must be enhanced through interactive workshops and by granting specific 
authority to local decision-making bodies. From a normative perspective, it is essential to redefine 
concepts such as spatial justice and institutional effectiveness in development documents. In the 
political dimension, policies should be revised based on fieldwork experiences and real data, and a 
continuous feedback system should be established to ensure that they are flexible. Finally, this study 
emphasizes nature-based, indigenous, and participatory solutions, demonstrating that structural 
reforms in governance and normative dimensions can move planning away from centralized, 
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hardware-focused frameworks. This model not only helps reduce flood risks and accelerates recovery 
but also lays the groundwork for sustainable development and improved quality of life in rural areas, 
serving as a guiding framework for other similar regions. 
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