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There are two limitations in the analysis of drought characteristics, which this 

study has investigated and resolved. First, the limitation of the length of the 

statistical period regarding the presentation of meteorological drought 

characteristics and the other is the frequency analysis. The first case was solved 

by using CRU climate data and the second case by using copula functions in this 

research. In this study, while checking the accuracy of the rainfall values 

extracted from the CRU climate model on a monthly scale, the frequency 

analysis of drought severity and duration characteristics based on the SPI index 

in the Zarinehrood basin has been analyzed. The results of the investigations 

showed that the values of the CRU scenario have a suitable accuracy and error 

rate with the observational data and have a suitable efficiency based on Nash-

Sutcliffe criterion, more than 0.72. By extending the statistical period to 60 

years, the SPI index was estimated in the studied area, which indicates the 

increase in the severity and duration of droughts in recent years. 45 percent of 

the studied statistical period had a lack of rainfall and 8% of the studied months 

were faced with severe drought. By choosing the distribution of generalized 

extreme values and logistic for drought severity and duration series in the 

studied stations, Frank's copula was selected for drought severity-duration pair 

variable. The results of investigation and joint analysis of drought severity -

duration pair variables led to the presentation of drought probability curves in 

the region, which estimate the regional characteristics of drought with different 

probabilities. The presented approach has better performance than the historical 

period and univariate analysis due to the increase of time series memory and the 

use of joint distribution and copula functions and shows the characteristics of 

drought better. 
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1� � ��$�� Z��Q� .�7 ��GQ�� 
H0  !��3I�7 �/`Q� 4DN-  I���.�(+�F ��1�� #a�$� #� �_��b	E� &�5QY� ,�0 H0  !��3 #;B�� $�

#;B�� I�CG�� #M �7 ,��.�(+�F �� �$���� \
QG� Ic�5QY� �� �$#a�$� ��+��$ .���M  ��7#� A/.� 

 � ����3 ,�� #dO�Y S��O�#� $�M��3	� ,�/� H0  !��3 �$�� #� 4�(� ,�Q � ��+
5� 3� ACD� ���	� �

 A/
1� � �G�$��^� ���/`Q  � ��	� $��$	F��H0 L/�6 #CG�� ��G�$�� �$�� #� 4�(� ,�0�.�(+�F  �$
�� !���5� �Q �.�3��  

  

5��:��: �5J�!� �.� �����.� �, ����E � .e .� ���5Y� .f �,)1402 .(
1�/A H0 !��3 I�CG�� .�(+�F� ���7�	0� �Q��� �� SPI � $����	, CRU .

,$�/�� � �� 4����� #���� �13 )1 �(189-207. DOI: https://doi.org/10.22059/jwim.2023.350918.1030  

  

 :�7��!�� � ������� I�$��Q�� #(�j�          .             © .!����(�	�  
  

 

 

 
   



��
�� ;9 ���0 #�<=4� !�>'4?� ��:��+9� :5@�� �� SPI 8 ,�:��+� CRU    191 

1 .%�&'� 

3� �+� H � �klK� L����  !� �� ��� �3���� #M#��$ �$ � ��	� &�� $� F� ,�0/� #� A/.� ���$ � �5/
E� I��//`� S��O� 

 �_�$����� �3 ��M !�7/L  �4�� #QO�� ����� !� I��m��.�(+�F �F nP��� $� H0 #M 4��^  nP��� $� H0 �

 ��0��� �	P���� �	7 . $�W�/;� ��� N I�7 �I��  � ������O�.�(+�F #0� $� �0�0, F�/� �O��S �#QO�  4�� �

I�7 	E�b 5/� � ^�F nP��� $� !�#  ^�FS/� �� 3� ���� 
E� nP���/5� ���7�� )Saadat et al., 2013 .( n�P

3$� H_�9 V$������ 0/4' �/L &��.� `�//� 
E�/H )IPCC (���, B�o �3/L �9 $��!�  !�E21  �3���� #�5/1  #N$�

�Q��� ����  �$�� #� 4�(�1850  ��1900 4O�� �0�	F S��O� )IPCC, 2013 �D
QG� I�K.�B� .( � H/
E� �//`� #�/�3 $�

XF�7 \
QG� ,�0�.�(+�F  !� N � !���� $� ����7�	0��$���$	�  .4�� #QO�� $��E#� $	P �&�p�  Meresa et al. 

)2016 ( $���0�89  2���7�.�(+�F XF�7 3� ���DQ�� �� �$ �����,�0  V$����$����Q���7 )SPIV$�� XF�7 �( - 

G��/� - �$����Q�� q�K���7 )SPEI (�$����Q�� �����$ XF�7 ���7 )SRI( ���� 3� ���DQ�� �� 0 ,�0/
M�$�/�5 ��

 ����0���!� 3� ���DQ�� � S/9 $� �0 ��/�  ,�0 �5/
E� ,�0�/`Q� (��� � V$��)10 ��� #T	Y�  $� !�Q( . �N�� �$��

2000-1971  � �$�� ��30 � #.������ ���^ 2021-2050 � ����� (�/$�  $��2100-2071 ���, 5G�/L `�//I�� 

��7�2 �.�(+�F ����� ��$���$	�  Z��Q� .����� $��ES0�89 !� #M ��� !��� �0 S/9 2;O ��/�  ,�0SPEI ��7�2 

^�F #T	Y $� �$ ,�� ��� ,�0� � �$�� $����� �� !��� $�� � XF�7 �� .�0���� SPI  �SRI !���  ���0��� �	0�, 

� $� �	P������ 4��. Lee et al. )2017( �/mr� `�//� 
E�/H  ����8�� ,�0 �.�(+�F $� 47� ����� ��M �$ �.�57  3�

 &��1981  ��2100  .����� $��E A/
1� � #�_� �$	��Q��Z  !������  #M�.�(+�F �7�� � $� sc�5QY����� $� Q�/#_ 

`�//I�� �� �	0��� �� q�D�� .�QO� Chiang et al. )2021� (XF�7 3� ���DQ�� � �0, SPI  �SPEI .	�/� 3� ��7

#�	5_� �,  3�t�#  &��CMIP6  !�������� #M 4/.�KO ,�0 ��(���� ������O �.�(+�F�  I�� �pM��Y�.�(+�F  �

 I�7 �pM��Y�.�(+�F SG� $� ��7 #��_� �0, �$�� ��� �$�E 3���+�/�� � �;��O� � $� �O��S  .4�� ����!�  $� �0

�	F #K.�B� �^ J	�/\ mr� 3� ���N/� �/��, ���(��  ��#CG�� �0, �.�(+�F  #a�$�.����M Mirgol et al. )2021 (

��7�2 ��+�� ���3 �� �.�(+�F $� #T	Y $��#6� ��$�/# ���, �$�� �0, ) #Q7u�2017-1988� � (���� )2021-2050  �

2051-2080 ( �$�	5� V��� &�� Z�9 3� ���DQ�� ��� )GCMs41� ( $����,�0	 IPCC 0)/4' �/L Q.��� H/
E� �//`� (

��$���$	� $��E ����� .!�  #M ����� !��� �0�$�� �0, ��� �$�� #� 4�(� �0, ��0��� ��5� 41� ��7� $�����0	  �d� 3�

 ���$�.�(+�F !��3 I�� � �.�(+�F� ��7 ���2 �.�(+�F HM ��, �����O ��� ��7 ��0�	F #N�	�� �.�(+�F  ,�0

�7�� 
CO� �$�� $� �0, ��� S/� �� ��0��� �$�� 3�  .�	� �0�	F ��7H0 L/�6 �����Q( �0, ��$�/# ��v #���M)���� � (� 

#���M) #v��� � �0, E�7� �� (S/� ���L �����O�  b�	���.�(+�F 
CO� �$ �$�� �0, ��� ��0��� �$�� #� 4�(�  ��7

 #N�	�4�� .H0 L/�6 !�  #M ����M !�/� �0�O����� c��, 9/S �/�� ��7 �.�(+�F ���, �$�� �0, ��� �� ���	� KT�/4 

HM ��� 
KO� $��#6� ��$�/# ��� �$�� #� #M ��M �N $	P, �	M� b�	��/HQ( �0, � � �$ #T	Y�� �� ��M.  

 �\
QG� I�K.�B� $�S0�89 �� 2���7 !��.�(+�F �0  �$W����� #CG�� w
v� � ��	5� \/J	� I�� � I�7 ,�0

�K.�B�� ,���� �� I�`Q���6 4F��7 .4�� ��7 ��_�� #CG�� �� L/ 3� ����8�� ,�0 ����90 ,�0/-	.�$�� �/d� �+

�/ �k� ��.�(+�F #����� ,���$� � �Y��P � #K�	� �,/#����� #� ,$��T �� ����� ,�04��$�� L/.�� ,��� . 

Snyder )1962 (� Wong )1963( �	/7
1� ,�0/`Q���6 A/,��� �$ �� `Q�/0 ,�0�/-	.�$�� �+#� $�M  xy� � ��QO��

&�� $� V�$ L�� �V$�� I�/J	CF ,3���.�(+�F  2�	� �k/� �S0�89 �� �pM� $� .4�� ��7 ,���$�M \
QG� !�

&�� I�K.�B� L��  ,�0`Q���/�� ) ���	� $�	Q�� ��3 I�/T�O 3� �+� �� � ��7 ,���$�MMirabbasi et al., 2012\.� :( - 
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`Q�/ ,�0���$���$	� ��3	� 3��� ,��/9 ���(+� ,$��� ,�0� �����M- ���� #503	� 3� �0� A��E �� ���M ,��/9 &���� �

����3	� #� A���Q(0 &���� �� U- `Q�/ �0�sk��M ) ��$��� ��Q(��� � ��	� H0 3� A;Q(�Mirabbasi et al., 2012(.  ���

`Q� �KE�� 2���7 $�/ ,�0�0/-	.�$��^  � ��	� #Q(��� ����+� #�#� I$�� �� ,��/9 &���� ��3	� 3� .���MH0 L/�6  L��

V�$ 3� ���DQ�� !�+�� ��� L�� � ��	�� q��J #�/50 /� ��7�� #Q7�� ���(+� ��3	� �/`Q� �� #M z�O A/
1� ,�0

�� ���50 ������O Ik+�� �� �$ &	5K� ��/`Q���6 ) ��MAhmadi et al., 2018.( �������L $� ��L #K.�B� #� $	d�� 

�$��� ���N�� �.�(+�F 7 3� �0/�	 $���,  ���DQ�� ACD� ���	��7V�$ Ik+�� ACD� ���	� .�0, `Q���6/�� &	5K� 

�$ #Q7��� � #Q(��	���� $� &�� �0, F�/� #� !�	�� �^ 7/�	 w���� $� 
1�/A `Q���6/�� �9����0, 0/-	.�$��^  e�B�

��	7 )Ahmadi et al., 2018(. ACD� 3� ���DQ�� ��� ��� �0, �����0, 4�m ��7 
KO� 5�����	� ������ E�/;� �$ ���, 

�����4 ��L �9��� $� QF�/$� � 3� .�0� $��E�L �$� �/3�  #;B�� I��3�$� $��� �� 4��#K.�B��$	�  $��E W�Q�� $�

�/��.Azizabadi et al.  (2016)  ,�0	�$��� LQO���d�$� ���N��F � �5/
E� 	N ��	5� V��� &�� ,�0

CanESM2  	�$��� #� 41�RCP 2.6 �RCP 4.5  �RCP 8.5 ��1�� �� H/
E� �//`� I��m� ����3$� #��QG� ,�0 - 

I��- ��E ���� �3	Y $� �.�(+�F ������O  W�/;��$ R	CF $� .��QF���9 ����� �$�� $� !���� �!�Q(
� !�Q�� �	�

 ,$��� ���5�!� �0  &�� 3�SDSM  �$�� ,���2048-2019 !� ��$�� Z��Q� .����M ���DQ�� ,�0�/`Q� #M ��� !��� �0

	Y $� #��0�� ,��� � V$��T \
QG� ,�0	�$��� 41� ����� �$�� $� s��	5� �##� w/��� �� S��O� � S0�M $� � ����

 �����$ ^� 4��3�� �$�� �#��9 �$���.�(+�F  �QG� !�/� ��10 � I�� � �� ����HM �� �� &�� Z�9 ���� S7 3�-

.�7��Olusola et al.  (2018) 4 N �����O �$����� �.�(+�F `Q���6/��  $�4D0  #;B���� �	0��� 6/L �/L 

&��  ,�01961  �2013 c #� ���	� 3��# #�  �,�K���K� ) !	Q�kMClayton(
� ��- �/a�G/A- ) nYAMH �(A����- 

 �$��	0)Hougaard-Gumbel) ^���O � (Frank.����M ���DQ�� ( �Q��Z 
CD� #M ��� !����  !	Q�kM&�� $�  ,3��

�Q(���� H0  !��3`Q�/�0�, �.�(+�F �;� $��#( � WkM ����� ACD� �0 �Q � ��+
5�, .�$��Ramezani et al.  

(2019) #K.�B� $� ,� #�  ����3$� $	d���.�(+�F ��v �	�N #;B�� ,�0� ��/� �)�!�� (!�Q(�5M�� � !�Q(M�9 �!�Q(��`O� �

 XF�7 3��	�5M H0  !��3)JDI� ($ $��� �$��, 2014-1991 .���	5� ���DQ�� �Q��Z ��� ���K� #M ��� !��� �0,  ^�F

 #;B�� $�#K.�B��$	� #�) � �	P�� nP��� $� �8���!�� (#� $	P A��E  N	�� �O��S �#QO� 4�� .H0 L/�6 `� ���$//I�� 

��;��� JDI ;� $�/W�  #;B�� $� #�c��#K.�B��$	� S0�M  #QO��� �/!�  $� S0�MJDI �O� ��S ��� ���K�  ^�F ,�0

� $��!�� A��E  4�� ��	� #N	�#M ������ ��O�S � $� �.�(+�F�!��#� � .4�� !�Q(�3 $� �8�� Nazeri Tahroudi et al. 
)2020a( �N V�$��, ���, &�� `Q� b	E� ,3��/�0�,  2����W����� P�7 HM���� ACD� ���	� ���, �$��� 	9���� 

�.�(+�F ���7�	0 ,�0� 0 �/-	.�$��+�  #T	Y $�#��$3 ) ��$�	�N E�7� $��#6� ��$�/#( P� �$�� ,$��� 2015 -1994 

.����� ��_�� _��# 
1� �/A 4D0 �
CD� ���� ��� \
QG�, ����_ 3	��� H0  !��3�Q � ^���O ACD� #M ��� !����L 

J	� $� �$ ��+
5�/\ � #B��$/L  � I�7I��  �.�(+�F���7�	0� 0 �/-	.�$��+�  .�$��H0 L/�6  HM��� LQ(��� ��

P�7��� � #� !�	�  I�CG�� �QY�$�.�(+�F 0/-	.�$��+� ��� �$,  I�CG���.�(+�F ���7�	0� ��M �$������. 

Nazeri Tahroudi et al. )2022( #� $	d�� #�/5/� ���� #T	Y $� !���N ��� �	�5M � V$�� �	�5M ����;� A/
1� ���$

!� .����M ���DQ�� ACD� ���	� 3� !���� �#/��$� #6��$� �	�N �0 �� 
1�/A H0  !��3���;�� �	�5M ����M !�/� ���;� #M�� 

!���N ��� �	�5M � �$���� c�� 4E� �� !�	�, ��;��� �	
K�  XG�� V$�� �	�5M�5G/L � �� .�3#N	  #.��K� #�

9/�� ��!� , �0� ��;��� !���N ��� �	�5M � �$�mr� 41� !�	�/� ��;��� V$�� �	�5M ���, I�� ���� 10 5P� �� 3�$/!�� 

9 c�� 4E� �/S �/�� .��M  
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 ��$�� � H/
E� �//`� I�K.�B� $��.�(+�F  #dO�Y ���3 ��$�� 4/50� $�/(� ,$��� �$�� &	P �\
QG� nP��� $�

I����
� ������ �Q � �0#CG�� ���	� ,�0�.�(+�F  3� .�3�� !���5� �$ I�� � I�7 A/�E 3���L �$�  �$�� &	P #6�0

 ,$���S/� �� #CG�� ��7��,�0 �.�(+�F !� A/
1� � $� #M �7 �0�	F #a�$� ,��c�� 4/KBE �� �0 S/� �� ���Q(�� ,�0

#K.�B��$	� ��$ 3� �+� .�$��� �	N� �O�M ,$��� �$�� &	P&�� 3� ���DQ�� ,$��� �$�� A�	B� ,�0 \
QG� ,�0

#/�7 �� ,3���5� 4���$ #
'(� ^�/O #M �7�� L����N ���	Q� #M �.�� 3� ���DQ�� ��. I$	J L�� $� .�	7��;��� 

	F�� ��c�� 4/50� 3� ��	7 �
J�&�� 3� �+� .4�� $��$�� H � ,�0 �5/
E� I�;/;1� �Y�� 	�$��� �� ��Q�� &�� ���	�

 ��CRU  .�7�����L � $� $	d���L ���� 3� S0�89�0, 
E�/5� CRU ) #G(�3/4(  ���DQ��4�� ��7  I��kP� ��

3�/��$	� ��� V$��, �/S  3��/H !�E  #Q7u���$���$	� � $��E/�� ��� �, ����� �/  3�/� I$	J $� ���DQ�� �� 3�

$�����0	, `�//� 
E�/H� 
1�/A �0,  �3cA��E �	� �0�	F ��N���Q�� �� .� � #��L � I��kP��!�	� ������ (�/$� ������  3�

��7�2 �.�(+�F  I��3�$�#� 4�� ��7 � ��$���2 �����Q�  #� {	����.�(+�F 5P� �� �$ �0/!�� S/� ��, ����L .�	5� 

�� �!� #+�7 ��K�� #� #N	� �� &�� L��#/�7 $� �O�M 4E� ���	� L�� �� .�7�� #Q7�� #;B�� �0 $� V$�� ����;� ,3��

4�� �d��� �
J� f�0 �� #K.�B� L�� $� �W���| 1-  ����;� ,�BF !�/� � 4E� ��$��CRU ���Q(�� $� ,�0

#K.�B��$	�  ���� #T	Y $�$3�#� ��$  �2-  A/
1�`Q���/�� � H0  !��3 I�� � I�7 ����;��.�(+�F  �� ��Q��SPI  $�

 #;B��#K.�B��$	�  ����;� � ACD� ���	� 3� ���DQ�� ��CRU ���� #T	Y .#K.�B��$	�  #� #N	� �� /���L #M  3� �+�

}$� ���L 3�� #T	Y �0,  � ��	� #/��$� #6��$�H0 L/�6 #� A/.� ���� �	N�A��M ,�0 ��#� !�	��  #;B��#K.�B��$	� 

.4�� ��7 ��GQ�� 

  

2 .)"! " *��� 
� 

2 .1 . %'+��%,�
+�*!��  

#��$3 ���� #T	Y  3� �+� ��$#T	Y��3 ,�0 �� #/��$� #6��$� H � � �
J�  .�7��!�Q�� 7 ����1� $� #T	Y L��  ,�0

L/0�7 �������/� ��$~� !�Q�� $� ��+� � -��!�_ ��v� !�_���$~� $� �+6	M SG� � !�Q���M !�Q�� $� ;� !�Q�� 7 �  �E�7

$��E 
J� �� �!�M	� �� .4�� #QO��� �� � �$	� $����, � $��L ��� !� 3� � ��	� #T	Y, 3$���M f$�C�4K�J �,  ��7 �

 ���DQ���� �	7.  $� A+7)1�( 4/KE	� #T	Y   ����#��$3 ���Q(�� � ��$�$ #K.�B��$	� ,�0 ���� !�.�0�  ,$��� I�CG��

����#� /� ��$���$	� ,�0 ) &��N I$	J1�� ( $� ��+� � !�M	� �������/� ����7�	0 ���Q(�� #� �#K.�B� L�� $� .�7��

!�_���$~� !�Q�� ����1� A��M ,$��� �$�� #M ���v.4O�� $��E ���DQ���$	� ���$�� ,��  

  

2 .2 . -�
���
���� SPI  

L//K� ���$ V�Q(� ����3 � ���+� �.�(+�F �0 �� �� � 3� ,�/� XF�7 ,�0  �.�(+�F!�+�� ��u9 ��  .�7��$�  3� ���DQ�� �E��

��L XF�7 �5M !�+�� ��0 ,3�� I��//`� 
E�/5�  H0��O �$��  .�	7 �.�(+�F XF�7SPI  2�	�McKee et al. )1993 (

#�  XF�7 L����N !�	��PDSI #� �  $	d���5M ,3�� #� V$�� S0�M  S��9 $��� ^� !�	���.�(+�F  2���7 ������ �

 �.�(+�F #���1� ,��� .�7 ���� #K�	� �+���� ����
M 4.��� ,���SPI ���� �� ��c�5QY� ��3	� ^� V$�� I����
� ,�0

4�m �� ���� V3��� ��7�� ���� &�;Q�� &���� ��3	� #� 4�� � $� #M (���� ��3	� s��	5�) �	7�	7 XF�7 3���� #� �� .SPI 

XF�7 ���� #� 4�(� ,�0 �.�(+�FS/� ���$�M !� N oB� $� ���� #� 3�/� !� A/.� #M 4�� #Q7�� ,��HM ,��$� ,�0  � ��

f�BK�� �� !� #���1� $� ,��u9) �7��Ahmadi et al., 2022.(  
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Figure 1. The location of Zarinehroud River Basin and the studied meteorological stations 

 
Table 1. Characteristics of observed rainfall data in the study area 

Primary period 
Established 

year 

Elevation 

(m) 

STD. Rainfall 

(mm) 
Mean Rainfall 

(mm) 
Max Rainfall 

(mm) Station 

2005-2019 1345 1480 31.22 29.23 132.21 Bukan 
1986-2019 1365 1380 28.73 27.47 165.72 Tekab 
2002-2019 1343 1295 26.45 23.35 133.20 Miandoab 

  

2 .3 ./*�* �
� �0��1�  CRU 

;1� �Y��/I�; �� �	0��� )CRU(1 q�7 ������� #� #Q(��� 
_��/� )East Anglia |!�Q(
��� $� (�+�  I�(�j� 3�

9/��� $� �3/�# `� #K.�B�//I�� �P/K� � ��(��� �� �	0� ���7��  � #� #M/# ���K� $��Q�� �, #�	5_� 3� �����0, 

�� �	0��� +D� ��/^�0, � \
QG���3���9 .CRU ���� #�	5_��0, ��, ���3� ��L �� #(�j� I$�E +D�/^ ��+�� 

5/0 O��`N #N$�/��� #G(� #M 4�� $� 6  !��$�� ���3� 1901  ��2019 +�F ��5� ���0, �3 oB�/L #�) wBE N 

�	�N� S7	9 �$ (��0�� .�L `Q� S7 A��7 ���� #�	5_�/� �� �	0��� ��� A;Q(�, ��� #���� �2�	Q�,  �#��3�$

���K� �V$�� �03�$, ��$���� � ��� S7	9 � ��$�G� $��O��7����� ., �pM��Y � � AE��Y/ � 3��L `Q�/�0�  �W����� 

#B��$�0, 3�� �1 #�����7���. `Q�/�0�, 	��m�# �E 3�/ A�����O� �03�$, ��!����G G��/�- q�K� �/ `Q� S7 3�/� .��/#  ��

&	��O 3� ���DQ���0, #QF��7 ��7 d�/� L5�9- Q���/x � �$������	7 2���$ .)1(  �)2( #� w/���  ��� �pM��Y � ��� AE��Y

�� �$���� �$) ���MHarris et al., 2014; Mitchell et al., 2005 .(  
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 #B��$1(  
2

DTR
TMN TMP   

 #B��$2(  
2

DTR
TMX TMP  

� $��L  �2���$TMN  ���� AE��YTMX  ���� �pM��YDTR !��	� #��3�$  � ���TMP 4�� ��� 2�	Q� #�	5_� .

���� �Y�� ,�0�� �	0� ��CRU #� H/;Q(� $	P ���� 3��0, ��/�3�� � ��7/S  3�4000 �����Q(�0, �3/�� +�F $���0 

#� 4�� ������ ���� .�L ����$� �0 ;�/W� �� N� 3� ���$��� �����0, � #��0������Q(�0, ���7�	0� #Q(���  !��3�� #�

���7�	0� �� N�� �����0,  #��0���� �	0� �� N� #/ � 
� M�� 2�	� ��7� �����0, �� �	0��� Ic��� ��1Q� ������0, 

#0��, �0�$	M$, �� N� �	0 M� #/L ����x�0, 
�� ���7�	0� � 
� M��� �����0, �� �	0��� Ic��� ��1Q� &���� 

���	7 ��k� .L�� ������ � I��kP� 3� ��0, ����, #M �� �� &���� AJ�Y��  I�(�j� � !���5������ �	0��� 4�� 

d�)/� ���7�	0 !��3��� .��Q��/�  $� � (�����M �E w.���, �����0, �� �	0��� � ��Q�����	7 �/ � ���DQ������� . ��L 

���� #�	5_� #� $	P � L�50 R�F/�4( 3��� (�/$�, 2�	� w
v� I��0��� 3� !��3���0, 
�� ���7�	0�  3� A�E

� L�50 $��Q�����	7 )Harris et al., 2014 .(���, ����A ���� Hd���� #+�7� Hd�� #+�7 #� �0/ V�$ 3�  ,�0

!�$� ��� �#� ���8 Thin-plate splines � ���DQ����	7 aN #M/I� ��	�6� !�$� ���� #� $	P 2�	� A��MNew et al. 

)1999 (����o .4�� ��7  

  

2 .4 .3
 
� 4����  

&�� �0, �� N� �� �	0� )GCM.�� ���� (/# ��� I��kP�, $��� 4F����0	, �� �	0��� ��	� ���� � ����� ��� �$, 

3$����� mr�/I�� `�//� 
E�/H `�//� �� �	0� ;� #50 $�/W� ��0 
1� 3�� �� N ��� �$ � H0��O� ���M� �� .�L  I�K.�B� �&�Y

mr�/I�� `�//� 
E�/H #�  I$��#� H/;Q(� $	P N��F 3�� �0, GCM � ���DQ��� ����M 3��� &�� �0, �� �	0��� #� A/.� 

�lO e	T��� O ����1�/�^ ����  � ��7�����O�0, �	�������/+�� e�P �0, ���, ��  XE�� S��������O�0, �/HQ( 

�� �	0���� �BF, �/��5Q(/^ �	�)/�, �0� !��� �$ (� ��0��7 $� �0�BF ./#3��, GCM $�� I��0��� #� 4�(��G� 

3� 3� .4�� ����L �$ ekJ� �4 N�/�, N��F� �0,  &���� �	0�,  ��F#� $	d�� .	�/� 9/S �/�� �0, 
E�/5�  #M

w������� ��, &��3��, 3$���M, �$ .4�� H � ���Q(0���+ 1C�/o �	�/�, �� 1C�/o ���W� )BC(2  #B��$ n��B�

)3( �N��F� GCM 9 ��F/S�/�� � $� I��D� 3� ���DQ�� �� �$ ��7/���/L � b	�� �/L GCM  $� I��0��� ��^  �$��

1C� �N��/o ��.��M  

,

,

( ) ( ( ) )
O REF

BC REF RAW REF
T REF

R t O T t T



    #B��$3( 

#M  �!� $�REFO $�� �N�� �$�� $� I��0��� �� ������G�� REFT N��F �� ������ GCM $�� �N�� �$�� 3��G�� 

RAWT N��F �� ������  ��FGCM ���, $�� �$���G� �� �����  �BCR N��F �� ������ GCM 1C�/o  4�� ��7

)Ishizaki et al., 2020.(  

  

2 .5 .!�6� " ��7� 8����� !9���  

����� $��� �ACD� ���	�� &�� $� �Q(�50 ,3��� `Q�/�0� ,O��C�� �� #Q(��� .��7�� ���, ����7��  ACD� ����

�� �Q ��L V3��� I��0��� #� #N	� �� �3c � 3� ���	��F ��6 4���L  ���	���	7 ��$��
CD� .� w���� 4��  #� #M

�Q ��L �Q(��� $�QF�� A+7� �/L `Q�/�0�  �$��M \/J	�. f�BK�� �	/7 ^� ���	� L����3	� ��_�� ,��� ��u9  ,�0
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H0 #/7�Y ��3	� ���	� �� ,$��� !��3 �� I��DQ� ,�#� .��7�� 4�� �K��� ACD� ����� ��$���  ��3	� ���	� #M

#/7�Y^� ,� �� {���$� H0 #� ���/`Q���6 �� �� ��3	� ���� ^� A/+�� ,��� �$ ��/`Q� .�0� V�$ 3� ���DQ�� $�

#���� ACD� b	� !�	� ��3	� #/7�Y ,�0 ��.� ,�� �/4(. ��L ��4 f�BK�� S/� ,��u9 ��,  ��GQ�� ,��� �$

��3	� #/7�Y ,�0 ,� ^� ��/`Q� #� #M w���� ���� �� ��	F ��0��� ,�0 �� #a�$� ���$�� V3��� ��7 �0� )Ahmadi 

et al., 2018(. ACD� f�BK�� �	/7 ^� �0  3	� ��_�� ,��� ��u9�� �0, H0 7�Y ��3	� ���	� �� ,$��� !��3/# �, 

�� I��DQ�  ACD� .��7��  #/7�Y #M ��Q(0 ��/`Q���6 ��3	� ���	� �0 ^� ,�0 !� ,�K� �3�� �� �0 ^� � �DJ 

#� ACD� #a�$� � �O�K� .��7�� 4F�	�+� Sklar )1959 (�� \/J	� ,$	'� ^� $� #M 4�� ��7 ���� 4�(�   ��M

^� ��3	� ���	� #�	�6 �� ��/`Q� ��3	� ��O #� ���	�  ,��� #M ��� !��� $k+�� .��	7 w/M�� ��/`Q���6 ,�0

#Q�	/9 �O��C� ,�0�/`Q� d ,�K� ���, … , ��� �� CDF ,�0#/7�Y  ,� �	 = ��
(�	) #M � = 1, … , �  � ^�

ACD� d ,�Q+� ,�K� ����,…,�
   #� �$�� �	N� $	P,  :#M  

 #B��$4   (                                                                 ���,…,��
(��. … . ��) = ���,…,��

(��. … . ��)                    

  

!� $� #M �uj :j��/7�Y L/� # ���,…,�
  !�50CDF H0 !��3 ���, … , ��� ��  ��� !	6 .�7��, `Q�/�0�, O��C�� 

9/ ���� #Q�	CDF 7�Y/#   3� �0�DJ  ��1 v/� �0�M� ��  � ���7���   ACD� !�	�����,…,�
  �$#� !�	�� ����A ���,…,��

 3� 
�−∞, ∞"� #� �0,1"� Q� .4O�� �d� $�/� #_���� L�� A�3	� #M 4�� L��  �0, 7�Y/#  �, 3� ���,…,��

  ��N�� ��	7  �

��������L ���,…��
 � {���$� #� � ��/`Q� L/� {	��� �0��  J	� � ��	7/
��M \� �Q(��� $�QF�� 3�� 
M� � #a�$��  ��0� 

)Nelsen, 2006(��� ., 5G�/�Q(��� �Q��$�9 L�  ACD�3� #K.�B� L�� $� ;B�� ���	� V�$� ���, 7�Y/#  ) �0IFM(3  #M

&���Q� ���L ��� V�$, 5G�/�0�Q��$�9 L, 4�� ACD� ���DQ�� ��7 )Joe, 1997 .(���, `Q��� �$�	�/�� � �7 z�O ��

`Q�/O��C� �� #Q(�50 X � Y #� w/��� #� ���	� I$	J $�(�; &�, &�, … &') � $((); *&�, *�, … *+) 3	����7 �   ���

#M &�, &�, … &' �0�Q��$�9, $�(�) � �0�Q��$�9, $(()) KE�� ���K� .��Q(0� �Q(� �0�Q��$�9�  #�

3	� b	���  �0, 7�Y/#  �, ^� ��/`Q� ��� .�$��, n $��. ���� �A;Q(� ��0��� 4DN� HQ4�$� ���5� ���, X � Y ��K� 

ln .�(�; &�, &�, … , &') � ln .((); *�, *�, … , *') #� $	P 5G� 4 N �_�/� �0�Q��$�9 L/�/ #����7. 

&/�, &/�, … &/' � *0�, *0�, … *0' �0�Q��$�9, 5G�/�� ��  $��. ���� .��7��� HQ4�$� ���5� .��6 ����� &�5QY� H0 !��3 

$�,((�, ))  #�  I$	J #B��$)5( �7 #QO�� �d� $�:  

 #B��$5       (                                                                 .1 .3�, ); &/�, &/�, … , &/', 4/�, 4/�, … , 4/+, 56 =  

..1 .7  3�, ); ��(�), �8()), 56 + .1 .� 3�; &/�, &/�, … , &/'6 + .1 .( (); 4/�, 4/�, … , 4/+)  

  

!� $� #M� ln .7 $��. ����� HQ4�$� ���5� .��6 ����� ACD� � �0� ��7���N �� ., $�u�, ��;��5G� �/��3 L  ��7

���, 1 2
ˆ ˆ ˆ, ,..., r   �  #.��K� $�3$��. ���� �� HQ4�$� ���5� ���, #� 4��  ACD� �Q��$�9 !�$��

5G�/��  �/�/� #��  .�	7 ���, w���� ��GQ��  ���ACD� L � V�$ �� ACD� ���� �Q��$�9IFM )Joe, 1997(  �$����

��  �;� �� xy� .�	7��Q� #(�ACD� 3� ���M�0 Z�Q� �� �0���_� &�5QY� 3� AJ�Y Z���� w���� ACD� �, ����  �0, 

 ��GQ�� �d��$	���  �	7 .ACD� ���/57$� ���	��F ,�0��$���$	�  #K.�B� L�� $�#� I$	J  2���$)6(  ��)9( ��:�7��  
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  #B��$8( 
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3 .1 . � *
'� �
+� 	�>�� " ?1* *!"@��CRU  %'+�� !*%,�
+�*!��  

 ����;� 4E� � ��$�� L5T #K.�B� L�� $�CRU ���Q(�� $� ,�0#K.�B��$	�  #��$���� �.�(+�F  #;B�� $� ����7�	0

#K.�B��$	� W�����  XF�7SPI ���� 4E� ��$�� #� ��Q�� $� .�7 #QF���9 ,�0CRU  ���$�M � �BF !�/� .�7 #QF���9

 &��CRU #� w/���  �$��� 3� ���DQ�� ��RMSE  �R
2  �$��� �� ��$�� Z��Q� .�7 ��$�� ��Q�� ,$��� �$�� ,���

���Q(�� $� ��7��� ������/� � ��+� �!�M	� ,�0#� I$	J A+7 ,�0)2(  ��)4(  #a�$��7.  

  

  
Figure 2. Scattering plot of simulated data based on CRU and observed values of rainfall on a monthly scale in 

Bukan station (Left: before applying bias correction, right: after applying bias correction) 

  

  
Figure 3. Scattering plot of simulated data based on CRU and observed values of rainfall on a monthly scale in 

Tekab station (Left: before applying bias correction, right: after applying bias correction) 

  

  
Figure 4. Scattering plot of simulated data based on CRU and observed values of rainfall on a monthly scale in 

Miandoab station (Left: before applying bias correction, right: after applying bias correction) 
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#/�7 � ����0��� ����;� #(��;� Z��Q� �� ��Q�� ,3��CRU A��E ��Q(�50 #M ��� !���  ,�� �� L�� L/� �.	�E

#/�7 � ����0��� ����;� L/� ,�BF !�/� .�$�� �	N� �� ��Q�� ,3��CRU �� $����Q( �� ������/� � ��+� �!�M	� ,�0

A+7 #� #N	� ,�02-  ��63-  � �64-  �6#� w/��� 6/17 �2/6  �5/15 �
/��� �Q� #� 4�(� ��E$� L�� #M �7��

 W���� o/1C� �� #/.�� 4.�Y#� w/���  ���Y^� �#�  �S7  �J$�HM �� ���� R	CF $� W���� o/1C� .4�� ��7 ,�0

CRU �� V�$ L�� #M ��� !��� ���Q(�� �0 $�#/�7 � ����0��� ����;� L/� fkQF� !�/� ���	� �� ��Q�� ,3��CRU 

A+7 #� #N	� �� .�0� S0�M �$ ,�0)2( �)3(  �)4( ������ I��//`� ��5� #M ��M ��0��� !�	�	�$��� 41� ,�0, 

CRU  !��/5P� ����1� $�95 #/�7 �J$� #QO�� $��E ,3�� #M 4��r�/������ �� , 	�$��� 41� ,�0CRU  #;B�� $�

#K.�B��$	� ���$��� �� ��k� .�7�� ,�0���7�� �$��� #� #N	� �� /� &�� ���$�M w��T �NSE ���� ,��� ,�0

1C�/o ��7 #� I$	J  &��N)2(  #a�$��7.  &��N #� #N	� ��)2(  3� S/� ���$�M w��T �72  ����;� ���$�M ��J$�

Q(�U�G  /� ��7�/�r� �� 	�$��� 3� U�GQ(� ����;� ,�BF !�/� � 4E� ����$�M w��T .�	7CRU  w.�B� #� #N	� ��

#a�$� XF�7 � ��7A��E ,$��� ,�0 �� &	�E.�7��  Ramezani Etedali and Ababaei )2021 ( �	F I�K.�B� $� /�

V$�� ���+� I��//`� A/
1� �� ����	�$��� 3� U�GQ(� ,�0, CRU���� L�� 4E� �.����M !�	�� &	�E�$	� �$ �0  

  
Table 2. The results of the Nash-Sutcliffe statistic between the observed rainfall values and the corrected CRU values 

Station NSE 

Bukan 0.73 

Tekab 0.72 

Miandoab 0.75 

  

3 .2 . *!"@����
����  -�
� �� ����� ��
�����SPI  

 	�$��� 3� U�GQ(� V$�� ����;� 3� ���DQ�� �� 4�� � $�CRU  #;B�� $�#K.�B��$	�  ,$��� �$�� $�2019-1957 �

 XF�7�.�(+�F  ����7�	0SPI ;� $�/W� ,�0S7 �12  �24  � #���1� #0��#� I$	J A+7 ,�0)5( �)6(  �)7( 

 #a�$��7.  

  

 
Figure 5. The results of extracting the SPI index in the scales of 6, 12 and 24 months at Bukan station in the 

period of 1959-2019 
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Figure 6. The results of extracting the SPI index in the scales of 6, 12 and 24 months at Tekab station in the 

period of 1959-2019 

 

 
Figure 7. The results of extracting the SPI index in the scales of 6, 12 and 24 months at Miandoab station in the 

period of 1959-2019 

  

A+7 #� #N	� �� ,�0)5) � (6) � (7( �� ����;� I��//`� $� #���� ,���$ !�	�SPI  #;B�� $�#K.�B��$	�  ��0���

�M	� ���Q(�� $� .��M �!46 ��� �J$� � �D�� ,����;� �054 ��� �J$� XF�7 3� 4�p� ,����;� �0SPI  ����M w(M

 #M!��� ���0�  b	E��.�(+�F  $�46  ����3 �$�� �J$���$���$	� �� L������7 .�7���.�(+�F  ���Q(�� $� /�

 A+7 #� #N	� �� !�M	�)5( &�� $� ,�01965  �2010 #� #N	� �� #M 4�� ���� �$ A+7 ,�0)6(  �)7(���Q(�� $� � ,�0

 ����;� ���7 S0�M L�� /� ����SPI �� ��0��� $� ���+� ���Q(�� $� .�	745  ,$��� �$�� �J$���$���$	� ����;� �

SPI  �D��#� 4��  b	E� ���K� �������/� ���Q(�� $� .4�� �����.�(+�F  �� ����� � !�M	� ���Q(�� ����5046  �J$�

��� �0�� .4�� #M ��M ��0��� !�	�HM ��  ,$��� �$�� 3� �5/� 3���$���$	�  #;B�� $�#K.�B��$	� �.�(+�F  �	N�

 #;B�� $� �D
QG� I�K.�B� .�$��#K.�B��$	� V$�� S0�M L�� #M �$�� �	N� �$ �0�/�r� ��) ��MKhalili et al., 2016; 

Mirabbasi Najafabadi et al., 2017; Tahroudi and Khalili, 2017; Ramezani et al., 2020; Nazeri 
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Tahroudi et al., 2018, 2019, 2020; Ahmadi et al., 2022 .(#� $	P�
M�  ����;� #� #N	� ��SPI  $�A+7 �0, 

)5) � (6) � (7( �� ����;� ��0�M ���$ !�	�SPI  ����;� S0�M .��M ��0��� �$SPI  S��O� �E�� $��.�(+�F �0  �$

!��� ��.�0�  

  

3 .3 .%���� A������ �
���
���� (&� " &�) ��
�����  

#CG�� U��GQ�� #� !�$ ,$	'� 3� ���DQ�� �����Q(�� $� �.�(+�F ,�0 I�7 � �.�(+�F I�� .�7 #QF���9 #K.�B��$	� ,�0

���Q(�� $� �.�(+�F#� � U��GQ�� ������/� � ��+� �!�M	� ,�0 ) A+7 I$	J8 .�7 #a�$� ( �.�(+�F I���^ D�� �$��� 

#Q�	/9 SPI $� �4��.�Y� #M #� �.�(+�F I�7 ��;� !�	���� K5_�� SPI $�  �.�(+�F �$���� \��K� .�	7  

 A+7 #� #N	� ��)8( �� I�� #M ��M ��0��� !�	��.�(+�F &�� $� .4�� #QO�� S��O� �/F� ,�0#� $	P,  $� #M

&�� ,�02001  �2008  nP��� $�#K.�B��$	�  �0 $�12  I�7 .4�� ��7 ��0��� V$�� �	�5M ����.�(+�F  $� /�

&�� �/F� ,�0S0�M �#QO�  ����;� S0�M #MSPI �� !��� �$ I�� � I�7 ����;� I��//`� ���$ .�0��.�(+�F 

 XF�7 3� U�GQ(� ����7�	0SPI L� !	�3� 3� ���DQ�� ��- &���MekJ� ��7 ��$���$	�  4O�� $��E)Nazeri 

Tahroudi et al., 2020b(  I�7 ����;� I��//`� ���$ #M ��� !��� Z��Q� ��.�(+�F ���Q(�� $� � ��+� �!�M	� ,�0

 ��0�M ������/�v/��K�� $��  oB� $�Z�9  �$��� ����;� � ��	� �J$�Z ���Q(�� $� ������/� � ��+� �!�M	� ,�0

#� w/���  �� �����94/0- �49/0-  �87/0- �� I�� I��//`� ���$ .�7���.�(+�F  ,$��� �$�� �P $� /���$���$	� 

 oB� $� � ����O�Z�9  �J$�v/� �K�� $�� ��L� !	�3� �$��� .�7��- &���MekJ� ��7  ,$��� �$�� �P $� /�

��$���$	� ���Q(�� $� ������/� � ��+� �!�M	� ,�0#� w/���  �� �����62/1 �68/1  �09/1 ��.�7��  

  

  
Figure 8. Changes in duration and severity of SPI meteorological drought index in the studied stations 
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3 .4 .D�1" E
0�F� *!"@�� ��  	
����7� 8���� �� /*
7��� 
�  

��3	� ��$�� #� ��Q�� $�#/7�Y ,�0) I�7 ����;� �� w���Q� ,�Ds) I�� � (Dd���Q(�� $� �.�(+�F ( ,�0

�$��� W����� .�7 #QF���9 #K.�B��$	� ,�0RMSE  �NSE ��3	� ��$�� #����� �� w���Q� ,�0 ��$���$	� ,�0

��3	� V3��� Z��Q� .�7 #QF���9 ���� ,�0#� I$	J ) &��N3�� ��0��� A��E (.�7��  

�$��� W�����#a�$� ,�0 ) &��N $� ��73�� (��3	� #M ��M ��0��� !�	� ,�0GEV  �Logistic  L��Q �

���� �� �$ V3��� 3� S/� ���$�M w��T .��$�� #K.�B��$	� #;B�� $� �.�(+�F I�� � I�7 ,�093 ) �J$�NSE (

��3	� ���� V3��� ����M�/�r� /��� wGQ�� ,�0��3	� ��GQ�� �� .�7��#/7�Y ,�0���� �� w���Q� ,� ,�0

ACD� ��$�� #� �#K.�B��$	��� w���Q� ,�0 I�� ,�� 4DN - ) I�7Ds-Dd���Q(�� $� ( #K.�B��$	� ,�0

ACD� 3� R	CF L�� $� .�7 #QF���9ACD� A��7 W�/57$� ���	��F ,�0,�0 �
� � ^���O �A���� �!	Q�kM -

A/a�G/� -ACD� #(��;� �� .�7 ���DQ�� nYACD� L����� Z��Q� ����_� ACD� �� ��7��� ,�0#� �0  &��N I$	J

)4�7 #a�$� (.  

) &��N #� #N	� ��4�� ( �/`Q� 4DN ,��� #M ��M ��0��� !�	�Dd-Ds ���Q(�� ���5� $� �#K.�B��$	� ,�0

�� ^���O ACD� ����� ACD�HM ^���O ACD� .�7��  !�/� L���RMSE S/� �  !�/� L���NSE  ���5� $� �$

���Q(�� .��M w(M �0Nazeri Tahroudi et al. )2020I�K.�B� $� /� ( #��$3 ���� #T	Y $� �.�(+�F 3� ��$

 �/`Q� 4DN V3��� $� ^���O ACD� ���$�M !�/� .����M ���DQ�� ^���O ACD�Dd-Ds  3� S/�94  �J$�

�� H0 ������O A/
1� �#�/ � ACD� �Q��$�9 ��GQ�� �� .�7��  �/`Q� 4DN !��3Dd-Ds  Z��Q� .4O�� $��E ��$���$	�

H0 b	E� &�5QY� �$���� !��3  �/`Q� 4DNDd-Ds ���Q(�� $�#� #K.�B��$	� ,�0 A+7 I$	J) ,�09) �� (11 #a�$� (

.�7  

#CG��#� ����7�	0 �.�(+�F ,�0 H0 I$	J A��E !��3 �	N� #� #N	� �� I�CG�� L�� .��Q(0 !�/�

#� ��	F L/� ��Q(�50 ^� I$	J �5� ��/`Q� A/.� L/50 #� .���M \��K� �$ �.�(+�F �-�� ����	� L�� #M 4�� 3�/�

#� I�CG�� H0 I$	J V�$ 3� �+� ACD� ���	� .��	7 A/
1� �P�7 � !��3 A/
1� �����	� #M ��	� ���$�M ,�0

H0 ������O  ��$���$	� H/
E� �//`� � ����7�	0 #�/�3 $� \
QG� I�K.�B� $� ���	� L�� .4�� ���M H0��O �$ !��3

!� ���$�M � 4E� � #QO�� $��E 7 �/�r� �0) 4�� ��Khashei et al., 2022; Khashei-Siukui et al., 2021; 

Pronoos Sedighi et al., 2022; Tabatabaei et al., 2022; Nazeri Tahroudi et al., 2021&2022.(  

  
Table 3. The results of selecting the best marginal distributions according to the intensity and duration of 

meteorological drought 
Station Drought Characteristics Dist. RMSE NSE 

Bukan 
Dd Logistic 6.89 0.94 

Ds GEV 2.29 0.99 

Tekab 
Dd GEV 7.78 0.93 

Ds Logistic 2.29 0.99 

Miandoab 
Dd Logistic 7.04 0.94 

Ds Logistic 2.73 0.99 

  
Table 4. The results of examining and fitting two-dimensional copulas on the pair-variables of drought 

duration-severity series 
Station Pair-variable Copula RMSE NSE Copula parameter 

Bukan Dd-Ds Frank 0.06 0.96 19.85 
Tekab Dd-Ds Frank 0.07 0.94 17.35 

Miandoab Dd-Ds Frank 0.06 0.96 19.82 
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Figure 9. The results of estimating the probability of occurrence of meteorological drought intensity and 

duration with different probabilities in Bukan station 

  

  
Figure 10. The results of estimating the probability of occurrence of meteorological drought intensity and 

duration with different probabilities in Tekab station 

  

  
Figure 11. The results of estimating the probability of occurrence of meteorological drought intensity and 

duration with different probabilities in Miandoab station 

  

) A+7 #� #N	� ��9�� (I�7 #� #N	� �� �.�(+�F I�� \
QG� ����;� #M ��M ��0��� !�	� Ic�5QY� � \
QG� ,�0

�� �$���� A��E \
QG�#� .�7�� ��$	J$� �&�p� $	P � ��� 4D0 !�M	� ���Q(�� $� �.�(+�F I�� #M \
QG� Ic�5QY� �� ��7�

 �/d�50  �90 �� �J$�#� �$ ����7�	0 �.�(+�F I�7 !�	�  ���Y w/���5/1 - � 6/0 - #� .�3 L/5G� �� #���� $	P !�	�
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 $�dQ���$	� ����;�����) A+7 #� #N	� �� .�7 L/5G� !�M	� ���Q(�� ,��� \
QG� Ic�5QY� �� /� ,10 Ic�5QY� �� /� (50  �

90 �� �J$� ���� I�� �� ����Q� ����7�	0 �.�(+�F I�7 !�	�4D0 #0�� #� �$ ��+� ���Q(�� $� �.�(+�F  ���Y w/���

5/1 -   �4/0 - �� !�M	� ���Q(�� #� #/�7 $�/(� #M ��M �$����) A+7 n��B� /� ������/� ���Q(�� $� ����� L�� .�7��11 #/�7 (

���Q(�� ���� #��� #K.�B��$	� ,�0 �� .�7��A+7 $� &�5QY� S��O�#a�$� ,�0  S0�M ����7�	0 �.�(+�F I�7 ���7

��  &�5QY� S��O� �� ��.�(+�F XG�� I�� ^� $� �4��3�� �$�� � b	E� &�5QY� L/� W	+K� #B��$ #� #N	� �� .����

�� S0�M �.�(+�F I�7 4��3�� �$�� �b	E��� S0�M /� �.�(+�F I�7 !�/� �!� $��M $� .�������� �$�� S0�M .

 �.�(+�F I�7 4��3��!��� ���0�  b	E��;��s��  #K.�B��$	� #;B�� $� �.�(+�F #.�� �0�� �7��#� . ��1�� ��
M$	P ,�0

H0 ������O #a�$� !��3 ��1�� �S0�89 L�� $� ��7���Q(�� 2���7 �� w���Q� �/� ,�0�� ��$���$	� ,�0 ��1�� L�� .�7�� �0
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