
��������	 ������ � ������ ������ ���� �� ��� ��! �""��#�$%&'�()*+ ,-�-"

������ ����	 :��/��/��������� ����� ����	:��/��/����

����������� 	
����� ��� �������� �� ������� ������� ����� 
���
�(Quercus persica) !"# �� $���� ���)�� ��&"' ����' �(��&'(

������� ���	


����� ���	�

� ��	...��������� �

���� �	�!"

 �#! $�!�! %

� $&�...$����'

���() 

�� !�"#$ %$ &�' ()*�  +� �&,-&.�(/���- 0��12!�� 34.&3�$� (- %���2"#$ &5�67&�89: 0 ;�
��$� <4/ .$ ���>(?@�A/ B%�C%�- (- D$4#$2 4���- E95F/ �>��� (GA./ �.�� H5I (-2(G"J ��2

@�C&$ K9"- (�9  (����$��>C� � LC9	&>(�� 4.M N9 3�95�$�+.$ �-�0� E�O	�$ 0� P4� B�Q���
RS.'��20 T�U)�$ ��� (GA./�V0� (�95� �Q�%$�W����$�X' ��' 0� �� (&���-�Y T9.' �0

#�* Z�5*�>C �-$�- �A# ��&�#� �- 4I9	$ �$1�$ D�� LC9	 0 [$�U)C$ (.�/&4�4* �\$�# N0�].
��/% ^-�A	 ("J�/ %$ 4?-�>$�-2Y <$�_$ P�J &"#$�&5�>/�5	����)/$��� 2"#$ &5��C 02��/% �

12��C �?&`: a-�./ 0 2%�0�QI D9"b 34]Q�$� ��&Q�$� c.
2+&"#$ 2$�)I� 29FQ�$� cN��O7$ 3�SQ�$� �C�.* .Email:zarean-h-climate@ltr.ui.ac.ir   
3>�&�$�X' �����)C$ cN��O7$ 3�SQ�$�.
4>�&�$�X' �����)C$ cN��O7$ 3�SQ�$�.
5N��O7$ 3�SQ�$� �C4.�/ 0 �.� 34]Q�$� �����)C$ c
62��&)U- 0 Z�6/���M>��I��* B&/% D9"b 0 �?&`: a-�./ 34]Q�$� �����)C$ c.
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dd �(��Q�(/���- 0 �&�$�X' �Q�0e� c �5"b >21�� 3��5*��

G"J(��20��Q�4�4* ��$4��)C$ .C�.Q�� �#�- �34��/ X)/ �- 34* (`C�6/&���2"#$ &5�:�3�0�
����f�WW�F.C$0 �S)g`5� 0�X)/ �`h/ �$��.?/ &�.�� �- ���2$0��0� ��Q�i	&�4* 4.j�C$ �-

S)g`5� 0 L-$0��-&C�.Q��  B�(-3�$� 0 34/! �C���2"#$ &5���/! 3�0� 2>k�)Q/ ��I
�-%�C%2 4���- �@�C &>4* lUQ/ 0 D�F�$ (��  4���- �$4G/��m$ (�� &>�/ (- �`g�&S��&B

 4���-��>�9m %$ R`# N�# H�$1�$ H��04J ,n47�� 2�C$ ()*$� $� .

 ���* ��+,�- :+&"#$ >�C�.Q�� >�)m�� �C�.* (�95��Q�0� 2�� >(�� 4.M N9&C� �.

.!�/! 

R7$ j�C$ �-��9�/�� ���	 ���&>+g _i	&"#$ �&`: �� +&S)g- N�/% (- �?���$4� .0� %$2
?/ <$���o	&.�"#$ R/$9b ��]"5b �_$ �� %0�/$ (I &5�$�/ ��F�$�- 0 �9*234* �-�_ �/ 

>�C$ /�S�9SM (- N$9	�"#$ &� ()*�  �� +���- )0�I����"b 0&��F�>��qq :�WW.((-
��c>N! Z�` 0� %$23�$� ��2"#$ &)*�  +/ (c�`: (- N$9	&"#$ �?&! +�>34. ����- )�&"&s
-�$0��t>���q :�.(�]�$ %$ �>a-�./ B% 4�$9*��g)m�.*�/�4*�-.X	&&6/ <$�&A�0

X)/&���2"#$ &5�>+�/�	�%9	 �� R/�b B� a&N���)��C�u>N$��]5� 0���� :��W� (0
 4.I$���(�9  ��2 E9.)/ &���/ v")U/ ^:�./ �� �-4*�.GG6/��� N�()�� �- (I 4�$

(G"J %$ 3��O)C$��20��Q����	 ���$� 2>34* "#$ (?@�A/&N�]/$ Z�J 0 ()*�  +����C$ �
)$9* 0 R.I��-0�  B��>����.(���)/$��� (?@�A/ �-2�&1�]�/ N�)m�� �X	 N$9	&&"#$ <$�&+

 4�% Z9: �� $��>�m�� %�C%�-2�95� )��9@��>N$��]5� 0���q>Rw� �.((G"J��2
)m���/�3�$� 4.�$9	��2"I9x@�� &�5��$�- $� 23�0� ��2��/% 3�$� 4#�� �>�5� +�$���4.

)C�� &%�$9C ���>N$��]5� 0���� :�Wn.(E$9�$ (I 34* �-�_ >34* D�F�$ <�?@�A/ ^`:

 
7- Philip, B. White 
8- Sahney 
9- Tree Rings 
10- Kaennel & Schweingruber 
11- Loder 
12- Garcia-Suarez 
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(G"J 20� %$ (��&@�C � 4���- N�# H� %$ ,&- 2%�C%�- K9"- �)m�� 2����$��$... �dt 

(�9 ��2>K9"- `C�./ (�9 �$�- 2"#$ <�?@�A/ &+C�.*�)m�� �/�4*�-)B��� 0>N$��]5� 
���q :qW.(`:&]Q	 �?&(G"J R��2(G"J %�/ y9z0 {b�- K9"- �m�� %$ ���4]�3�9- �S

(G"J <�4.- 0��2Y0�� &(G"J R6/ �� $� B��2?#$0 �>$�/ ��F�4.I )D$.C�.	��I�0
�-�"���>���V :���. (

3��)g  <�?@�A/ N��' ;AC ��$2%�C%�- �- K�`	�$ �� 2X)/ &���2"#$ &5�-%$ 3��O)C$ �
"#$ ,�$�&+C�.*�)m�� ��C$ ()��  <�97 .�/! ����]2@�5* �-(0��8��! (GA./ �� 3e

)|C$&��}>����(>39I��2I$� ��/! T�Y 0��])0�N9g"�d N$��]5� 0����>0 �0~�
|C$&��t ���� (� 0&@�g]Qm 1���2"6/ �(GA./ 0$2$ �� �J�� B&()���1)�u N$��]5� 0

��V�>�!�S9��N$��]5� 0����' >&15�� ����>� �BO��>����(>% <�?@�A/���2D�F�$ 
�C$ 34*.N!()g�$9	 ��3�0� 4�$��2@�g]Qm �"6/ �>���/�2>(����/ "w���- $� (�8�C 0

$ %$ 3��O)C$�%�C%�- ,�$� B2�5� �4..+�.M&G6	 B&�4?)/ <�G2M �� &��> �`	 <~� 0 B
$��C$ ()��  <�97 K�`	�$ B/ (I �����I (- N$9	2@&����� N$��]5� 0)���q(>����

B5I8 0 <~-��)���W(>N���� N$��]5� 0)���W >����(>@&9�} N$��]5� 0)����(>
��2�dN$��]5� 0)���� (�95� 3��*$>.����0�)C� ("5' %$2N!/ ���%�C%�- (- N$9	2�/� 2

$�- >N�)g-�	2(��m�0� (z9J ��`	 <~� �� (g	 ��� �� �3�0� H�q� >(@�C %�C%�-2
�/�2B\0� �hI$4J f89'2$�- 2T�Y T9.' �: >N�I9����>()*�  Z�C %�C%�-2�/� 2

13- Pan 
14- McCarthy and Bailey 
15- Speer 
16- Wilson 
17- Flower and Esper 
18- Fritts 
19- Arrigo 
20- James 
21- Griffin 
22- Liang 
23- Youngblut and Luckman 
24- Fan 
25- Liu 
26- Hai 
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du �(��Q�(/���- 0 �&�$�X' �Q�0e� c �5"b >21�� 3��5*��

39I �� (�8�C��2.�c1I�/ N$04S2M&0� %$ B2$0� �0� ��Q�>� 3��*$c�95 .+�.M&B
/�-9I�' N�' <�?@�A/ %$ N$9	��tN$��]5� 0���n :���(>(- D$4#$ (I ��- D��%�C%�-2

D$�! (�� N�C9� �- N! (A-$� 0 �/��u(G"J %$ 3��O)C$ �- ��2)m�� �K9"- Z�g.�I N�)m�� ��>
$�-2$1' ��9I ��R)C0�&((:��3�0� Hn��>(@�C 3�95�4�$ .H�$����N$��]5� 0)���� :

�n�q(>)�. 0��>N$��]5� 0����(>)B	�  0 N��9'��>����(>)BM9	��>N$��]5� 0���� (
�&>1%�C%�- (- D$4#$2�G/ 0��/� 0 ���- (g23�$� �- 34* �`_ ��2-(�: %$ 34/! �C��^

(]`*�C�.Q��  %$ 2$��>�Q�0� ��$0� 3�95� s@! (GA./ ��(G"J 20� %$ 0 4�$>�)m�� 2�� N�/% 
%9C ,	! E9#02��2%�C%�- $� ()*�  20 4��95� �(C9I ��}N$��]5� 0)���� :n�W (
%�C%�- (- D$4#$2/ ���- �f3�0� 0 B\0���2@9	��! T�Y �� T9:�/ 0 HQm �3�95� 4�$.

0� E9.	 �9'0 �-�3�SQ(�9  �9'0 0 ����2)m�� �$ v")U/ ^:�./ �� �C�./ �>N$� 
�	Ic()g'�- <�?@�A/ N9.$2/% �� &.c%�C%�- (2���)/$��� 2"#$ &5�,�$� %$ 3��O)C$ �- 
"#$&+C�.*�)m�� �>�C$ ()��S� <�97.%$����I ("5' 2/ 34* D�F�$ �<�?@�A/ (- N$9	

OF��N$��]5� 0)��W�(>/$&#�5UM��-$��C 0�)��W�(>D�IN$��]5� 0 3�$% )����(>
1b�12N$��]5� 0)���� :��(�~C�$ >�N$��]5� 0)���� :��q((��- D�� >.$�<�?@�A/ B
-&,RS.' �� �	��2RS.' �|C 0 j� $% ��2>�9QI Z�5* <�97�C$ ()��  .%$

����0�)C�2N!/ ���%�C%�- (- N$9	2X	&&�`)I$ ���- <$�f/�0 3�Q��/�I N�)C$ 
��$��Q�`f	& N$0$�C (GA./ �&>N~ (G"J %$ 3��O)C$ �-��2)m�� ��$�0%�/ K9"- �d %�C%�-2
X	&& 4���- 0 �/� <$��/ j� $% &���)C$ �- c(G"J %$ 3��O��2)m�� �-c��- D�� $� K9".N��!

 
27- Jacoby, G. 
28- Pacific Decadal Oscillation 
29- Oak 
30- Frank 
31- Wagner 
32- Jordan and Gugten 
33- Touchan 
34- Chronology 
35- KÖse 
36- Quercus Infectoria 
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(G"J 20� %$ (��&@�C � 4���- N�# H� %$ ,&- 2%�C%�- K9"- �)m�� 2����$��$... �d� 

I lUQ/ B5zcN��(�� �: (GA./ T9:�/ 0 HQm 2�����>()*�  Z�C B�$ (-
(�� �� (I 4�4&C� (F&)�2��������N�# ��>- (GA./ ���-(C9g6/ �9:�,��I �()��

�/� 0 �C$2(GA./ �hI$4J ��9?7 4�0� H2�C$ ()*$� .��I E~:$ D4b�?z0 %$ &�
"#$&��1- ()*�  +�	�0� B�(�9  3�SQ$ K9"- ��$��(- ��� (GA./ �� @�&B)*$4� �C� �� R

3�$���4."- 2"#$ <4/&5�"#$ <�?@�A/ �G� >&+C�.*�)m�� �%�C%�- 0 3��)g  (?@�A/ >2
���)/$���2"#$ &5�/ $� (GA./ ()*�  �$ (I 4`":��)C$� �� (?@�A/ B2$�/ P4� B�4*�-.

0-� - ���!�1

�&?#9/ �- ��� (GA./°��/���	°WW/��0 �#�* Z9: °��/���	°��/���- �@�5* ��b 
�04J �)J�g/n���>a-�/�)/9"&I >21I�/ j� $% �5g# �� ,U-N�)C$ %$ ����>N��O7$ 2�� 

)U- 0 Z�6/���M&��2>]�I N�)C$ 0 j���&9"�9- 0 (��C$ ()�� �-�� $� 45J$�) .R]*�.(

2(3)5(��78��� 9��� ./:�! ���;�!;�  �1��7<�-� - $���.����  �1 ���=> 
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t� �(��Q�(/���- 0 �&�$�X' �Q�0e� c �5"b >21�� 3��5*��

�g� ���� ;AC %$ (GA./ E�O	�$ B��	��n� N! (AG� B��	4."- 0 �)/ nn�q�/ �)/ 4*�-.
(GA./ LC9)/ E�O	�$�����C$ �)/ .$�-2C��- �X)/ & 4���- ��>�$4?	n$�Rm$� �� 3�S)g
3�$� 0 T�U)�$ (GA./��2��(@�C )����f��W� (N!��1F	 ��9/�("6	 0&()��  �$�# R

�C$./&S��&>B/&S��&- B&Q&5I 0 (.&�/� (.2	�	 (- (GA./ &�V/��>��0�/�('�� 
g"C&/ 0 j9&S��&���- E95F/ B��(GA./ (@�C Vn�/&"�/ �)/�4*�-.(G`: ��4.-2

B	��/��t 3��`/! 0�u>1' ��� (GA./0"#$ &� +&(5� 0 T9:�/&(5/ �$�# ��C T9:�/� &��
)*R]�.($�-2X)/ ��0!�- &���2"#$ &5��- $4)-$ �X)/ �_$ 4&0� �- ���2C��- �o� ��9/ (�9  �

S)g`5� B)*$� <�97 �� 0 34*�%�C%�- (- D$4#$ >�C�./ 2X)/ &0� %$ >���2�.�� 2$0� ��
0��Q��95� .4-�$ �9o./ B�/ $� (?@�A/ B�gG	 ,U- 0� (- N$9	&��I +.

2(3)?(�!=@-=&!A $�B�! ��� ./:�! C

(G"J ,.I$0 >�gU� �5g# ����20��Q�X)/ (- &���2"#$ &5�C��- ��� 0 34* 
%�C%�- (- D$4#$ D0� ,U-2 4���- �0� %$ (�8�C 2�.�� 2$0� �0� ��Q��C$ 34* .

$ �-�0� 0� P4� B�T�U)�$ (GA./ �� K9"- (�9  �@�Y 3�SQ )Z04'�(0�V(�95� 
�-�Y T9.' ��' 0� �� �Q�0� (.&C �-$�- �A# �� �#�* Z�5* 0)��/��)��C 2�)/ (�95b 

37- Martonne  
38- Emberger 
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(G"J 20� %$ (��&@�C � 4���- N�# H� %$ ,&- 2%�C%�- K9"- �)m�� 2����$��$... �t� 

�.C Z�C ()/ %$ 3��O)C$ �- �m�� (.	 �-��3�&  95� 0 4*� �hI$4J N�/% �� )24.5&/>�$e� ��nW:
���(>N�)g-�	 ������4�4* [$�U)C$ .(�95���20��Q�0� �- ("7�J 2T�# ��2-9M �

�/%! ��I 3��/! 0 �$9C���SQ�4�4* .AC(�95� ;��20��Q�$�- 2�.�� �`_ 0 ���5* 2
(G"J3��`5C H5I (- ����2��	 0 1&J$�' ��>$�-2�5� �(G"J N4* N�>�� ��  P�7�4.

(�95� B]C$ %$ ����20��Q�>��/% ^-�A	 0 �\$�# ��I���(G"J D�� LC9	 �� �- 4I9	$ �$1�$
 �#��/&>N0�] -cC� D�F�$ (&4.3�$���2#$c"&5�/&��S&M Bc$ ����3�S)g�>[9C� >30�	�� 

� D0� �*� 0 �.J&$�- 12�F	 �"6	 0 (&4�4* �%$��� 3��/! R)Z04'�.(%$ 3��O)C$ �-
3��/!p value 0t value�.?/ 0 N�.&5:$ ;AC >(�95� N�9- �$�4* �C��- �� .�F.C$0 2$�- 0

(G"J ,.I$0 N$1&/ �C��->�5&"#$ 2���&X)/ (- �Q�0� 2�� S��&/>�&C�gJ B& Z�.S&C �`g� 
>��Q)Y$ (- S)g`5��9m��C 0�0 �� e���2C�.Q��  �0� �� ��C$ 34* (`C�6/ 3�SQ.

D-��)5($+E�- ��+ ��!A - $1�7<�-�  �127�� $���3��� ./:�! $��=�� F��>  �1 
�G� $� ��7<�-� ����! ��7<�-� 

4I 3�SQ�0� bave cave 
���� ;AC %$ E�O	�$ ���� ���� 

���&�$�X' Z9:)2��Qb$ ('��(nV�/��fnV�/���W�W/��f�W�V/��
���&�$�X' ��b)2��Qb$ ('��(W�V/��fW��/�����/��f��n/��

(./$� ��' SW SW
�&* 47�� ���

���)/$���2"#$ &5�(-X)/ N$9.b&�.�� 0 RG)g/ �2(G"J ��20��Q�0� 0� �0 3�SQ
/&S��&N! B(- ��X)/ N$9.b&g-$0 �>() 34* ()��  �o� ��$�- 0 4�$2Y <$�_$ P�J &"#$�&5�0

�G/ N�]/$��C (g2��/% �(G"J ��20��Q�X)/ �- &���2"#$ &5�>X)/ D�5	&���20 RG)g/ 
(A-$� LC9	 >()g-$0�>4�4* ��$4��)C$.

)(A-$� �(Zt =

39- Increment borer 
40- Cross dating 
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t� �(��Q�(/���- 0 �&�$�X' �Q�0e� c �5"b >21�� 3��5*��

$ ����F.zt N�/% �� (G"J ��b 34* ��$4��)C$ �$4G/t>xt �.��2(G"J ��20��Q���
N�/%t>mx /&S��&�.�� B2(G"J ��20��Q�0sx ?/ P$�6�$ �$4G/&�.�� ��2(G"J ��2

0��Q�/�4.*�- )���>1)��qV .( 
D-��)?(��78��� H�IG<! .�J�:! ���! $���;�  �1 

��78��� �* $���K�=L� M= $���K�=L� D�N O�P@�� ��78��� 
Y du�/�� }u�/}� �u�� [9C�� 
P �}u/�� �dd/}� �}�� 30�	�� 
H ��u/�� t��/}� ���� �.J 
D }dd/�� }�d/}� ���} D0� �*� 

/ (- ('9	 �-&S)g`5� N$1�X)/ &���2"#$ &5��.�� �-2$0� �0� ��Q�>�Z4/ H
C� �&�9�Am�3�$� �->D�  (- D�  �0� �- 0� ('�� 0 3��C 4* 3�$� �%$�- �� ..6./�

@�I&C$�`&N9�� ��� Z4/��>(- ('9	 �-I9� �0�&>�. |C$ 0 �"`�%0�&B5"S )"'&>4�9" ��WV :
V�� (�	&C�	 R]* 0 (&5�#�- (- ('9	 �- N! �@�I 34��/&C$�`&<$4��Q/ N9$�- >��0!�- 02

i	&��C$ 34* (\$�$ Z4/ 4.�)� (- ('9	 �- �|C�>("7�J �%�C%�- ��I2 4���- E95F/ �
@�C&$�- (��2/�5	 �$�3�S)g��2"#$ &5�>(GA./ �C$ ()��  <�97 .@��!&��12��/! 2��
D�����$1�$2SAS>EXCEL 0MATLAB �C$ 34* D�F�$ .

.8K���1QB> -

v@$ :S)g`5� �C��-(G"J N�&/ ��5&"#$ 2���&X)/ �- �Q�0� 2�� 

R]* (- ('9	 �-�/&S)g`5� 0 ^-�A	 N$1�(�95� ��20��Q�0� %$ D$4I �� �� �3�SQ ��
+� 0 (?@�A/ ��9/.M&.6./ ^-�A	 B���20� 0� �>3�SQ / ('9	 R-�#�4*�- .Z0$4'�0n

�$4G/t value 0� �� N�)m����- $� 3�SQ�4]�/ N�Q� �S�4�� .$ �$4G/�3��/! B�: %$�^
�z (`C�6/��p value -(/ �C��!�4.

41- Calibration 
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(G"J 20� %$ (��&@�C � 4���- N�# H� %$ ,&- 2%�C%�- K9"- �)m�� 2����$��$... �t� 

2(3)R(����! ��7<�-� �� �S�� C� �� ��3 $��!� T>�:@ .���� -� U�-� $�B�! )$�B�! H�#>�<@
��� .��@ 2>�; U�-�(

D-��)R($� ��7<�-� $��!�  =� 2>�/@ V�=@�! $��!� T>�:@ �� VW �G� 
X Y Z ' % " � � ��S�
***t}/� *dd/� *u�/� ��/� ***��/� ***��/d ***d�/� *tt/� �
***u�/� *t�/� *t}/� *d}/� ***��/� 6.�t/d ***�t/� �

*t}/� ***��/� ***��/� ***�t/� ***��/d ***�t/� �
***u�/u ***t�/� ***��/d 5.��/} **��/� �
***�t/d ***u�/� ***�u/� ***�d/� }
***�u/} �d/� ��/� d
***��/} 1.98*�u/� t
***�}/} u

��!$[:� �� ���*** XX %9**X]%9*X^%_���/! 9���� t value! ��<� �� $��1� 

D-��)`($��!� T>�:@ �� VW ����! ��7<�-� $��!�  =� 2>�/@ V�=@�! 
X Y Z ' % " � � �S��
***d�/� ��/� *t�/� *��/� 5.��/} ***��/t ***ud/� ***�}/� �
***dd/� ***��/� ***��/� ��/� **�}/� ***��/} **��/� �
***��/} ***dt/� ***�d/� �u/� **�t/� �
***�u/t ***t�/d ***d�/d ***��/u ***�}/� �
***�t/} ***��/} ***�d/} ***tu/d }
**��/� *��/� *u�/� d

***d�/� *d�/� t
**��/� u

��!$[:� �� ���***XX %9** X]%9*X^ %;���/! ����t value! ��<� �� $��1� 
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t� �(��Q�(/���- 0 �&�$�X' �Q�0e� c �5"b >21�� 3��5*��

a#$0 ��P value>	 47��c<0�O2���C2��/% �� �m�� �- �m�� �� �N�Q� $� �S
/�>N! (- ('9	 �- 0 4�� �$4G/t value �9S- �)�- �&�.?/ >+�S)g`5� N�9- �$��(G"J ��2

)m����- >�4]�lUQ/ �S/��9*.- �$4G/&,�	t value X)/ (I ��$� N! %$ N�Q�&���2
>Z4/ �� 34* ��$0 RG)g/ - N$9	&,�	2� �� &,-&.�X	&&X)/ <$�&4��$� $� ()g-$0 �.

��0!��2/��$4G/ ��.	 �9� Z0$4' �� �9* 3��/!t value �C$ 34* 3��0! .��$9/ (- ('9	 �-
>34* �I� Z04' ������)/$��� (7~m 2C�.Q��  �0��3�SQ>�� �C$ 34* 3��0!.

D-��)]($+E�-  ,�J��-=*  �1.�J�:! ���! ./:�! ��7<�-� -�  �=> ��3 .&��B!  �1 
.> D��7�� �&��

0�<8a�)SNR(
��S

$78�&�1
��7���!
�����	 MS

D�N
 ,�J��-=*

����W D��
 ,�J��-=*

��aA D��
 ,�J��-=*

����@
�S�� 

��7<�-� 

}�/d �t�/� ��}/� ��� ���� �uu� � �C�UC
t}/} ���/� ���/� ��} ���� �utd � 4.5&/ 
��/d �u�/� ���/� ��� f f - B&S��&/ 

$�z j�C$ �-�S)g`5� ���&N9C��� D�� LC9	 (I �$1�$SAS - K�`	�$ >4* D�F�$&B
C�.Q�� �0��3�SQX)/ 0 ��&���2"#$ &5�C��- �/ (I 4* lUQ/ 0&���)/$��� N�2

"#$&5��.�� 02$0� �0� ��Q�)��5)b$ ;AC ����47�� (-&%$ ,W�.?/ K�`	�$ 47�� ��$�
$�z �-���$� �9'0 �`h/ �_$ �)R]*�.($�-2��5�$ (- N��- &X)/ %$ D$4I �� �&���2

"#$&5�*� �� c(G"J 4��2)m�� �>C� � Z4/&m N9cA�$�- 0� ('�� 0 3��C 2/c&S��&0� B
0��c3�$� �%$�- 3�SQ*c4.� j�C$ �-c�)�3��/! >Z4/ �F)F value(�9S5� (- >�
�$0������2?z0 &X)/ �- ���Am �&���2�&,-&B����$� 3��*$ ..?/�N9/%! N�9- �$�F>(-
�.?/2� ^G6	 &C� � ��� ,&Am N9��C$ (�� 4.M 0 3��C .�z�-�0� �&N9g	$0 B�� 

)DW (`g� Z~G)C$ (-�3�$� ��$� 3��*$ �� ./ E95F/#�- <�?-�&34��5��2?#$0 �)SSR ( 0
��0!�-�} )PRESS(>X)/ N�9- Z�/�� (-&��$� 3��*$ ���)R]*n.(

42- Pearson Correlation Coefficient 
43- predictor variables 
44- Durbin– Watson coefficient 
45- Sum of Square Predicted Residual 
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(G"J 20� %$ (��&@�C � 4���- N�# H� %$ ,&- 2%�C%�- K9"- �)m�� 2����$��$... �t} 

D-��)b(./�	  ��#W U�*�- - $:S $&�*=@ ����=+� �� ���P8�� �> 9$���;�  �1=�L8! .> �&�� $<�-�  �1
��7<�-� -� ��7���!  �=> -� .��� )avebc(

PRESS SSR F value DW Pr>F Adj R-sq R-sq RMSE ��7<�-� 
4.655 2.223 25.17 1.32 <.0001 0.770 0.801 0.457 avebc 

���8� [:�9X]%_RMSE 9�:S ����! c�=B��_SSR 9������;�> H��>=! O���!�1_PRESS 9������;�> H��>=! O���! 
��-A=>_DW9���@�- ��>�-� d�=e 

2(3)`(�8�� ������;�> F�/� =>� ����=+� $&�*=@ �J�	 �� ������8�� ��-A=> - $�;�- ���/! =>�=> �� �����
9-� .��� - $:S ��7<�-� ��7���!  �=>�1

.6./ ��`A�$���2��G/ �?#$0 ��@�I 0 ��0!�->&C$�`&N9)R]*�>A(+� 0.M& 4.I$�� B�
#�-&@�I 34��5&C$�`&<$4��Q/ R-�G/ �� N9)R]* �>B(� 3��*$ Z4/ �67 �->4��$.

>34* �I� ��$9/ (- ('9	 �- ��� Z4/��(G"J ,.I$0 ��20��Q�X)/ (- &���2"#$ &5�
>(�8�C $�-2Z04' �� ��� (GA./ q�C$ 34* 3��0! .

2(3)]($�;�- =���/! )obs(9��-A=> )prd (�����=&�J�* -)clb (��7<�-� ��7���! $��=�� F��> .��+  �=> �1
 D�N ��R^=�S� D�� )A(�����=&�J�* ����! $;�> ���/! -)res (H��1�<! 2>�/! �� )B(

A
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td �(��Q�(/���- 0 �&�$�X' �Q�0e� c �5"b >21�� 3��5*��

D-��)f(./�	 M= U�*�- $��#� D�! 9.�g�� $���;�  �1=�L8! .> $<�-�  �1 ��� ./:�!  �=> 
Aveabc=.0078+.5174(Anupr)+.5322(AnuTmi)+ 

.5008(AnuTme)-.3307(AnuTma). 
Aveabc 9��7<�-� ��7���!�19Anu 9��.�g9Tme 9Tma 9Tmi -p.>9��7���! d�@=@ 9=h*��	 ��7���! ��7���!

0��> O���! - 2;��	 

�)��(A-$� �9'0 %$ �$2G)g/ �$��.?/ &/ >+&���)/$��� N�2 4���- E95F/ (�8�C �>
R#$4J���hI$4J 0 ��2�.�� �- >�/� 2$0� �0� ��Q�4��$� . 4���- �$4G/�@�C &>(�� /&S��&B
R#$4J�>�/&S��&/ 0 B&S��&���hI$4J B2(- �/� 	�	&+�/ ��	�(G"J 4*� �� $� ,G� B��2

0��Q�()*$� 4�$.

j�C$ �- $�z�S)g`5� ���&C� � Z4/ 0 N9C�&�9�>34* ��0!�- - K�`	�$&B
C�.Q�� �0��3�SQ 4���- E95F/ 0 ���@�C &�z �- (���>�`h/ �_$ �g-&9# ��2�C$ .2$�-

&_i	 �)�- k��(G"J 4*� 20� �- ���- �>�Q�0� 2�� Rw� �� ���- �_$ �C��- �- 30~b 2��' 
>�Q�0� 3�95� ���- k�6)/ B&S��&/ (&�	 (- D$4#$>���/% ��6@ %$ �	 +�$ ���- ��)��0� �- 2

(G"J 4*�>�� �9* N���5� �)�-.�->k�6)/ B&S��&/ ���)� j�C$ �	 ���- >(I 4* lUQ/�
1&� R`# Z�C)&S��&/ k�6)/ B�(@�C ((G"J ��b 20� �-�C$ ()*$� �_$ ��.(-R&@� B&5� 

C��- �- 30~b�S)g`5� �(G"J ��b �- ���- ��' Rw� �� ��20��Q�>/&S)g`5� N$1�
/&S��&k�6)/ B�� N! (@�C &0� 0� �� 1�>3�SQ �C$ ()��  �$�# ('9	 ��9/)R]*�.(

2(3)b($���<1�+ �> $+����> ���! .:>�� �G� $� ��7<�-� 
*��!$[:� �� ���ij9�k�� **��!$[:� �� ��� i%9�k�� ***��!$[:� �� ���ii�k�� 
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(G"J 20� %$ (��&@�C � 4���- N�# H� %$ ,&- 2%�C%�- K9"- �)m�� 2����$��$... �tt 

2(3)f(����! ��7<�-� $���<1�+ �> $+����> ���! .:>�� 
*��!$[:� �� ���ij9�k�� **��!$[:� �� ���i%9�k�� ***��!$[:� �� ���iil�� 

0� (5� ���3�SQ>�� )g`5�S�/&�.�� N�2(G"J ��20��Q� 4���- E95F/ �- �@�C &>(�� 
g-&9# ��28�- 02���z �- 47�� ��C$ 3�9- �`h/ �_$ �.$�S)g`5� B��� Z9w� �� &�1

3�/ 0 N�)g/% 0��2�2>��! 0�.?�0� Rw� %$ R`# N�/% �� �>,��5)b$ ;AC ����
>47�� .?/��C$ 34* �$�./&S��&k�6)/ B�- (@�C  4����/�5	 �� �0��3�SQ N�Q� ��

/� 4���- �$4G/ (I 4���(��/ (C $(- (I 2>	&/ +)m 3�/ ��! 0 ��>4�9* �z �-��`h/ �_$ �
(G"J 4*� ��>�� ()*$� �_$ 4���- 0 4�$�(��/ (C $2��* (- (I �/ +)m 3�/ �9�$�$� >�9*2

�.�� �- j9]?/ (A-$�2$0� �0� ��Q�/�4*�-.$ j�C$ �-��)� B�/ lUQ/ ��(I �9*
 4���-��0� Rw� %$ R`# Z�C �� ,&(G"J 4*� �� 1��2��' Z�C 20��Q�_i	 &4.�$9m �
�*$�. 4���- �`h/ �_$�N�/% �� ��20� Rw� %$ R`# �>,�.?�>��C Rw� / ��&4*� N$1
(G"Jg- 4?- Z�C �� ��&/ ����9- 4�$9m �_ . 4���- �$4G/ j9]?/ (A-$� �9'0�/ (C (��$2

��* 0 �$��/ (- (I�/ +)m 3�/ �9�>4�9* �*�(- 4@�& 4���- D4b R�N�/% �� ��234* �I� 
4*�- (GA./ ��.$ ��� 4���- �$4G/ N�/% B�+I (GA./ %$ �	�/&"� 0 �C$ 3�9- �)/&3�
� ��9/ T! �$4G/&% a-�./ %$ $� �9m %��/% �&.�/i	 &/ B�4.I./ N�Q� <�?@�A/� (I 4�� (�9

>K9"- $�$�2��(Q��2�89: �- (I 3�9- (�95b �9:2/% �� &T! %$ 0 3��I �9O� B��2
%�/%�&.�-! +I N�/% �� �/ 3��O)C$ �4.I )>�4w/ ��W�.(

Archive of SID

www.SID.ir

http://www.sid.ir


tu �(��Q�(/���- 0 �&�$�X' �Q�0e� c �5"b >21�� 3��5*��

T:2%�C%�-�d(G"J ��b 20� %$ >(��&@�C � 4���- E95F/ �)m�� 2�� 

@��! ��&X)/ 1&Am Z4/ 0� %$ 3��O)C$ �- ����C� � 0� ('�� 0&�9�/ >&�$0 N$1�`	 ���&&B
34* )R Sq (�$0 0�4?	 ����R�()��)Adj R Sq((- >	�	&�W�0qq�.�� ,.I$0 47�� 2
$0��0� ��Q�X)/ �- $� &���2"#$ &5�gO	 &3�95� �4�$.(-� <��`b�$�z �- �S�5:$ �&N�.

>("7�J /c�X	 N$9	&&� <$�c�.�2$0� �0� ��Q�/$��� LC9	 $� c���)2"#$ &5�>34* �I� 
�&,-&.��95� .$�� B&,-&.�$�- 2 4���- E95F/ �@�C &�	8�- (I (����z B�S)g`5� ��

(G"J ��b �- $�- ��5)b$ �->()*$� ��&�)Q2�C$ 3$�5� .4-�$ �� �9o./ B�D�F�$ �- ("J�/ B
D�� �� �9� R5b �]b �$1�$SAS C� � %$ 3��O)C$ �- 0&>(�� 4.M N9 ���)/$���2"#$ &5�-(

X)/ N$9.b&�.�� 0 ()g-$0 �2$0� �0� ��Q�(-X)/ N$9.b&���20 4�4* ()��  �o� �� RG)g/ 
/�5	�>R`# RJ$�/ 4.��/ <�`C�6/ C� D�F�$ (-&4.

��� Z4/ >34* �I� ��$9/ B)��  �o� �� �-��%�C%�- 2 4���- E95F/ �@�C &>(�� 0� %$2
(G"J��20��Q�Z04' �� W�C$ 34* 3��0! .

D-��)Y(��78���  �=> .���J�� $+����> O���! ��-A=> $��#� D�! =��-�  ��#W  -� �� ./:�! $���;�  �1
 .��+��) ����=+� �� ���P8�� �> $<�-�)?^55m5YY5(

Variable R-Sq Adj R-Sq F Value Pr>F t value Model 
Anupr(Y) .558 .542 35.26 <0.0001 5.94 =-.12513+.6323(avebc)
Anupr(P) .577 .562 38.18 <0.0001 6.18 =-.12152+.6481(avebc)
Anupr(H) .611 .597 43.87 <0.0001 6.62 =-.1314+.6646(avebc)
Anupr(D) .505 .487 28.51 <0.0001 5.34 =-.1066+.6099(bave) 

Anupr(mean) .630 .616 47.53 <0.0001 6.9 =-.1291+.6700(avebc)
*��!$[:� �� ����N�����X]�k�� 

Y,PH,D,mean,(- >[9C�� 3�S)g�$ �&	�	 >30�	�� >�.J 3�S)g�$ B&S��&/ 0 D0� �*���>
Anupr > 4���- E95F/ �@�C &(��>bave 0avebc >(-	�	&�.�� �2(G"J ��2)m�� �

0��C 3�SQ�/ 0 �UC&4.5.

46- Reconstruction 
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(G"J 20� %$ (��&@�C � 4���- N�# H� %$ ,&- 2%�C%�- K9"- �)m�� 2����$��$... �t� 

Z4/ �F.C��`)b$���t 

Z4/ <�wUQ/ (- ('9	 �-Z04' �� (I �� �/ >4* 3�$� N�Q� �- N$9	&B���	V�>47�� 
 4���- E95F/�@�C &� (GA./ �� $� (��&,-&.�X)/ ��.	 B)*$� (- ('9	 �- (I �95� &RG)g/ �

�.��2$0� �0� ��Q�$�5:$ 47�� B&>N�. @9`# R-�# �$4G/�(-/ �o��4C� .@0���`)b$ ��' 
-&,$ �	�Z4/ B$ 0 ���B$ (I�Z4/ B(M �	 ��?#$0 (- 3%$4�$&�1� ��>4.)g� H$�3�S)g����

(- $�$ N$9.b�Z4/ 0 T�U)�$ 4��* 3�S)gN! �- $� ��3�$� �G-�A/ ��$�+.$ (- ('9	 �-�B(I
3��M��2"#$ &5�$��/� �o� %$ N$���>�C$ <0�O)/ (GA./ �� �� +I/ �	�(- D$4#$ N$9	
�G/�$ (g�3�S)g��2"#$ &5��/� 4�0� �o� %$ ��@0 �95� ���/% 4�0� �o� %$ ����- �.?����+
*��-���9S@$ 2�G	 �wUQ/ ��`�$ �9QI �� �� N$��/ 34��9*.(-T9.' 0 T�Y Z�h/ N$9.b 
-�Y�>�9QI $�$�2���*��- +���&�12f��)g/%�4.)g� )/%� 0 3�I�gb�>���� .(

�9?g/�N�)��Wn((.�� ��4.-2���+��2*��- �$�>N$� -&,�	,U-��2T9.' 0 T�Y 
-�Y�$�>$� N$� 1'0���*��- +���&��C$ 3�$� �$�# 31.(-5�&@� B&�G/ N�]/$ R�4�0� (g

$�- (�8�C ���-2$�3�S)g��2��$� �9'0 (GA./ �� .$ (- ('9	 �-�>()]� B$�-25:$ &N�.
-&,Z4/ �67 %$ �	$ >���3�S)g��2"#$ &5�N�)C$ �� N$��-! 0 ��I��* ��2M0 Z�6/ ���

)U-&��2�� (I N�)C%9m 0�*��- +��G	 ��-�Q/ ��`�>4��$� ��� (GA./ �- (-$ N$9.b�3�S)g
4�4* T�U)�$ 4��* .$�$ B�3�S)g3�$� >����2�G	 ��89: ��`�$�- 0 ()*$� <4/ 2�G/ �4�0� (g

$�- ���-2Z�C ��2?#$0 �/ �C�./ ��0!�- 0�4.*�- .�G/�D�F�$ ("J�/ 0� �� (g�C$ 34* :
v@$f�G/�S)g`5� (g�3�$� ��2?#$0 �T k�)Q/ f�G/�S)g`5� (g�3�$� ��2?#$0 �

$�3�S)g��23�$� �- 4��* ��2%�C%�- 2$ 0� 34* �3�S)g���9/ (GA./ �� 30�	�� 0 [9C�
(?@�A/ )R]*��2W0�.(

47- Verification model 
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u� �(��Q�(/���- 0 �&�$�X' �Q�0e� c �5"b >21�� 3��5*��

2(3)Y(���� $78�&�1 .���/!�� .���J�� $+����> ��-A=> - $�;�-  �1���� - o���� ��78� $�;�-  �1
.> �=*=#3 ��78����1�3 ��78��� ���� )���� �� p=8<! $�;�-  �15XY? �@ ?^^]���� -�> ��-A=>  �1

����1�� $�;�-  �5X]b �@ 5XY?(

2(3)X(���� $78�&�1 .���/!���� - �-�@�W ��78��� .���J�� $+����> ��-A=> - $�;�-  �1 $�;�-  �1
.> ����>A ��78����1�3 ��78��� ���� )���� �� p=8<! $�;�-  �15XY? �@ ?^^]���� ->  �1q�> ��-A=

����1�� $�;�-  �5X]5 �@ 5XY?(

$ �� ���- 4�0��3�S)g��2$ �- 4��* �3�S)g��2�G	 (GA./ �- �� ��`&Z�C �)Q (-�Q/ ��
/�4*�-.$�-�.-�/ B�3�$� N$9	��2- $� ��0!�- (3�$� N$9.b��2$�- Z9`# ��9/ 2��� (GA./ 
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