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The ecological balance in nature is integrated with forest safety. Wildfire causes 

irreparable effects on the ecological functions of the forest and disrupts the 

production of oxygen and carbon sequestration, reducing biodiversity, expanding 

pests and diseases, and eventually breaking the balance of nature, which is the 

unique role of the forest. The purpose of this study was to identify the factors 

affecting the occurrence and zoning of fire hazards in Sardasht forests in the area 

of 1784.8 hectares to achieve control and counteraction strategies. At first, layers 

of elevation, slope, aspect, precipitation, temperature, organic carbon, soil texture, 

and vegetation cover were mapped for the study area. AHP was used for 

prioritization, evaluation criteria, and weighting of the layers. Finally, the 

classifications of the layer were done using GIS, and hazard scores were 

classified at four classes included; Safe, low risk, medium risk, and high risk. The 

results showed that 12.7% of the study area is at high risk, 39.9% has moderate 

risk, 31.9% is in the low-risk area and 15.5% is located in the safe area. Also, the 

Angstrom index was showed that wildfire occurring has maximum possibility 

between June to September. It was also found that the north-east of the study area 

is more at risk of fire due to the denser vegetation than other areas. The minimum 

fire hazard was observed in the north, part in the south, and the narrow strip in the 

central regions of the study area. 
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���� �>O
�  F3)) �8��O�10:�%� �- ( ���: 1800  �� ���3�12 0)��� !�����) j�) #�T) 4����D�*
  ��
�-�Y, !����	!�/ -���  �	��S��eG ����E� ��5/45  ��57/45  � �\�) #�6 �G��24/36  ��29/36  x�^ �G��

���T)   ����E� .���� ���\^�_���� >O
� �8��O� ���� �1000  ��1800 �	�� |O� .� ��� �G�� `���� .0��  M���:
 
�>O
�1/13 ���� �G��� ����  ���: !, ��]�� J��- R������ �700 �D��0�� ���.  ���� �>O
� !�
*�� 0�8TG

 ���: �8��O�2000  �� �* 0�� �_�20  �� (!���* � �%�^ ��) 4�������) �_� 0_� R�- 0�8TG �- 
�����430 
*��= (F���� � �D	��
- 4�������) �_���) ��
 .���  

 ���^96� ���-�����T�D\� 4�� ������ 4��� `���� � ��]�� ������- `���� F��) ���� .� 4������%	�  ���=�
��
 .� ��]�� J��- �	��>� � 0)�������%	�4�� ) !]���� �/
%����-7/506 �D��) �=�* 
(���4/723 �D��F� 
(��� -

) ���*1/983 �D�� !9%��* 
(���)9/742 �D��) J�TD) 
(���3/966 �D��) ���+��+ � (���7/506 �D��.��- (���  

                                                                                                                                                                      
1- Nearest neighbor analysis 
2- Ripley 
3- Kernel analysis 
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F8� 1:  ��5�G� ��3� �6G+� >��H3�  

���� 0	�_* ����- .� [= 
���h�D^) 
1�*�� !��., `��� ��1389 #�� (1378 �- ���� ���\ 4���, �	�= #�� !��
^
 .�)���� 0�_�*.� �� !��- �S��c� ��E� )Wald et al., 1940( 
�
�T� )Buishand, 1982(
  ��G� 
R�
iT� �
����M�= 4�� ���-.�) �  Q�_��� ���\� #�� �^�_��� `���� 0\� �-20  !�
�T6� |O� �� 0\� R�Tk�) ���95 

 ���3� ��3_� M��\ � (�d��30  M�8O\ �� ���1×1 4�����- .� �G��1 ��
/
� ����2 � >� .�	��� ���� 4��
 
Q�_��� �>O
� Q�_��� ���\� #�� .� 
P�) 0�G � P�)Fd�:  .�	��� U*��� � >� ���� 0�G�_D^ ()�= �  U*���
 F�
G.� ���T� J������T�%�� 4����-  #�� ��� ��� � ��� ����+ ��1395 .�) ���_��� R-�* (/
� ��,  
a�+

4� �- l�6�� !������%*� J�� �- U����= M����*)Walkley et al., 1934(  
Fd�: ���^96� ���- .�) H�/��
!.� J�� .� J��- 4���� �	] ���� 0�G 
����- .� [= �* 0�G 0)�� 4����- 0�����Dd�S 1�38� ���3 

_����	] ��	� ���� �� .�) ����-�/� H����	��� F�DE� .� �8- 4���� 4�� 
R��. J���
�/	�* 4���,4  P��
�
�) ���� I�k � .0S�� ���\ ���_��� ���� �   

 �>O
� U�D\� ���_��� �-R������ �3 + I+�) .�  �O-��)1 (R��8� �	��� .  

)1 (  Aridity Index �



����
  

 
j�S �O-�� ��PR������ 
 �D�� P%:�- ��]�� J��- � ���t ����� �G�� P%:�- ��]�� M���: �G�� R������ ����
 .0��  

�- ��Z
� J��- 7	.�� P��
� ����-��� �� 4��vD�k�  �O-��) !���) ��+��
3	 I+�) .�2(  .�	�� ���_���  

)2 (  S � � ∑ �
��

�

�
� � ��

��

�
�  

                                                      
1 - Band3 Nadir view and Band3 Backward scan 
2 - Aster 
3 - Inverse Distance Weighting (IDW) 
4 - Kriging 
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����� �O-�� ��  ��)ri �>O
� ������ J��- 
 � �8��O�����R .0�� ��]�� J��- R������  �� �- I+�) ���>� ��>r��

 .�2 0+��
3	 7	.�� .� !� � �)�-��� �� J��- �� 
�)�- �_d �- �	�h� I+�) ��^ ��� � ���� #�� vD�k� 4��
.0�� ����* ����. ����E� �� J��- h*�T� ��
�� !� �   

 �O+ `	��) ���,�- �� H���� I+�)(�,4.�� .� �� �- ���>� �* 0�� H���%��, 
4
  !��5� U���S .� �*�:
(�, Q�\� 4��- `	��) �	��>� .0�� 4.��4-5/2  
0�� (�, ���+� 4��- l�DO��� `	��) .� !� ��	��>� 5/2 -2 


!� � (�, Q�\� 0�G l�DO� `	��) ��G� ��
������d�� � 4.�� 
�)�- �� .� ��T* I+�) 4��^ ���>� �*
��- `	��)(�, 4�� !� � ���� ���%- �� 4.��.��� H���%��, I+�) �	. �O-�� .� .�	��� �5��E�   

)3 (  I �  �
�

��
+

� !"

��
�  

 !, �� �*R � �5%� 0-�6� 
T .0�� �Z����� ��� �� ��� 4��� 
  

��)��������� J��- I+�) �5��E� 0�G1.� 
 J.��- �_
� I+�) ���>� �r�� .�	��� ���_��� ����: �)�- �� �*�
� + .� ���� �)	��� 0��  .  

  

�"?�'I�6�< 1�
  

-� (�, �O+ �-�	.�� �3
	� �- �G��
���� �_D�k� 4�����8� � F���^ !��T� ��E� �- .��� 4.��  .� !���J�� 4��
U�Tc��c+�) �
r 4���
 �5���� �D%D� �
	,�S F�DE�2 l�k���  ����� 0S�� ���\ ���_��� .�-�	R  M�^96� ��Z
�
�- H.]���
 ��= �D��� �>O
� 7DO� ���- R�
*�� � !���
)��* .� 
���� �8��O� 7TGH�� �� M��Z� � �	��� 4��, -

[	�r M��%*� ��hS�3 �%	�>� .� ���_��� �- ��hS� H�� R	� .0S�� ���\ F�DE� �����- �� �- �� 4�� �D%D� F�DE� 1���
 �- !�.�� {��k��� �- �5������ ]�- 0\� 
!���T3��) �.���=2007.(  

 )�/*1 :�
������'$ � �
����� !�$��  
�
�����  �
����� �'$  ��#. !$�  �'�&. !$�  

(�d��) �_D^ U*���  

5<  093/0  0321/0  
25 -5  135/0  0467/0  

50 -25 178/0  0615/0  

75 -50  222/0  0768/0 

75>  372/0  1287/0  

(�d��) �D�
G U*���  

25 -0  157/0  0353/0  

50 -25  243/0  0546/0  

75 -50  281/0  0632/0  
100 -75  319/0  0717/0  

����� �G��) ���(����  
28 -26  196/0 0258/0  
30 -28  311/0  041/0  

30>  493/0  065/0  

                                                      
1 - Standardized Precipitation Index (SPI) 
2 - Analytical Hierarchy Process (AHP) 
3 - Expert Choice  
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�D��) ������-(���  

797 -787  093/0  0075/0  

787 -768  135/0  011/0  
767 -747  178/0  0144/0  
747 -727  222/0 0179/0  

727 -707  372/0  03/0  

(�d��) a�+ ��, R-�*  
5/1 -9/0  3  026/0  

0/2 -5/1  667/0  052/0  

P�) 0�G  
 #�T)  196/0 008/0  

|O%� � l�� 
j�)  311/0  0127/0  
 l�
G  493/0  0202/0  

 a�+ 0S�- 
 ���  196/0 007/0  

��� H�� 311/0  011/0  
 �
) H�� � ����  493/0 0177/0 

(�G��) P�) 
30 -0 196/0 0066/0  
60 -30  311/0  0105/0  

60> 493/0  0167/0  

(���) Q�_��� 

1800 -1600  196/0  0053/0  

1600 -1400  311/0  0084/0  
1400 -1000  493/0 0133/0 

 ���8� !����� #��G 1��� �- � 7DO� ���S� 0�8TG �- �G�� �-36 �- ���
 ��= �	��� .�) 7	.�� �S��c� M��d
) u�5���* 4�_�, !��., �D���- !, �	�	�= � �8�56 7-�
� !�cck�� `��� ���
 ��=76/0 �
	,�S �� .�) ��	�� (

 #��G) !�.�� R��8�1 .� ��T* !, ���>� �� ��- (	�= 0E� 4���.���� P	�X 
(1/0  .�)�- �- [�� #�T^�!.� �� �-
�	]��4���� 4 8� 1��� �-���� #�� � ��� M�^96� ���)��T� � P�*�� 
�Z� � �) H�/�� (�, �%	� �	��� � >� -

.�	��� ���� �>O
� 4.�� �Dd�S J�� .� �_�* 4��������= �T* J.�� R�8� 4��-  1����- J�� R	� .�) ���_��� 4�
 1��>� �	10 �O>� �� 4�  � J.�� UT�
�� �_d �* �)�-10 �� !� � �� J.�� UT	h*����� �	] �� M�>56 J.�� .

) �	��� Ik � 
!���
)��* �Z� � 7-�
� ���� 1����-Sani et al., 2016.( 

��������� �	] �� ���8��	. �� �	��� !.� [��� >� � l�X 
�6�-�� ��)�- ��.� ��) ��������� 4�� �- � ��, 0��
�O+ J�� #�T^�-��.�1(�, �%	� �����= � >� 
 �G�� �- � ���� 4.�� �-���� J.�� �
��� R�
iT� � 7-�
� ��

�- 
�Dd�: �����= � >� ���>56 #�T8� ��9* ���r �- P��
� M�G�� � >� M��d(�, �O+ �	��� � >� � 4�
--

) �	��� ���� 4.��Vadrevu et al., 2010.(  

 ���� ��~: .� �8-�� (�, ���+�F-�\  (k- �� �r F�
G ���+�� .0�� �S����=�� � �	��� � l, `	��) 
#�8�)�
(k- �� �r � ���.4. .� 4�	��>� F��) ��+ ���. ��� 4�� 0�� #�8�)� F-�\ ����)Agee, 1996(V�>E� .  �X�:

 !� ����  U*��� F��^ �� ()�= U*��� 
�_D^ ����D�
G�  ��G�� M���:��^ !��� �� �� !.� R	�� �- 
 �� �K�� F�
(�, .��- 4.��(�, �- �� M���K�� R	��T* 
P�) 0�G � a�+ 0S�- 
P�) 
Q�_��� � �������)�� 4.�� ������- .���

(�, �O+ ��/	� �� �O���� U�� ��, R-�* ���>� ��- 4.�� F3)) ����� b�c�+� ��+2( . 

                                                      
1 -Weighted Linear Combination (WLC) 
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 F8�2:  J� �� �23� F��3� K&E@<L �����5�G� ��3� �6G+� 1$3E 

  

�".'M  N�O � 

 KD��< @�3
�P��   

(k-  ���%-�_D^ U*��� 
�>O
� j�) l�
G �� 7\�� �3r�* a���  .� ��T*)25 �d�� 0)�� ( �* ��
� !, 08��
3/0  .� �d�� F* �X����� F��) ����). ()�=50  ��75 �d��) �8��O� ���� �>O
� F* �� �5	�>� 
460  .� �d��

0:�%� .0�� ���� � F-�\ �\�) �:��� .� ��� 
(F*  .� (�- ()�= U*���) �_D^ ()�= ���>� R	�� �-75 
(�d��  �- z�-��  �>O
� j�))12 (F* 0:�%� .� �d�� ���)�- F3)) .3 .( 
!��� ��<= �+�- ����h��� �� ��

 ���\ 4�	N=�O+ `��� �: ����E����� ���)Long et al., 2004(. ��~: R	��-�
- U*���� ()�=  
�_D^ �� �>O
�
(�, �8�%� ��>��- 0�� ���T� 4.�� .0���8S �- �� �- �-�� �T�� �� 7\�� �X��� �- � ���� b�c�+� 4.��� * 4��

 �- �
�5� �* 0�� �>O
� �� 4.��� * !��- ��� S � f	�� 0 * 4���� !, F��� ]�T�:� .0�� �G��� 4��T* �O+
N: � R��. .� 4��*��: ���_�������, 4��- ����� 4�	�>- W�- �	 4�8- 0 * 0�G R��. 7	�� 4.�� 4��-�� ��Z
�

4��T�- � M�S,�� ��) #��
* !���.�� V	�6 .� � �TD^ VO
� .� ��� �)�� �- ���� P5� �* �)�-4. ��) ����
�T� �\�- ���8�)� F-�\ ���� �/��� �� � ���T- �\�- F\��: �� �����(�, �O+ �� ����.�� .��� (	�hS� �� 4

4�-��* F	�5� � ���e� � �X��� P	�k� �� �- M�) R�
iT� 9T^ �� ��) P5� ���3%� �	 �^��. Q���� �- !, ��
(�, 4��- ��G�� F-�\ �X���.���T� �\�- R�S��   
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F8� 3��5�G� ��3� �6G+� �P�� @�3
 KD��< �	6. :  

 KD��<��3<  ��Q+*  

 �Z� .� �� H�� �5�� F��^ R	�(�, Q�\� �� 0�T��4.�� F3)) ��� b�c�+� ��+ �- �>O
� 4��2 ��G�� �X��� .(
 ���: �* �>O
� j�) � j�) #�T) 
#�T) ��40 �� F��) �� F* 0:�%� �d���- 
���) �� �*��� �:��� hG

 F3)) .�
�%� F�
G .� ���)�= �5	�>�  ����� 4����� ����E�4 #��G 
2.(  

  
F8� 4��Q+* @�3
 �	6. : ��5�G� ��3� �6G+�  
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)�/* 2FQ+* KD��< /-�� :  

R'��  KD��<  >0�#� (��"8
)  FD �O >�#. /-��  

1 0  ��5 �d��  2/549  23/30  

2  5  ��10 �d�� 52/116  41/6  

3  10  ��25 �d��  86/89  95/4 
4 25  ��50 �d��  39/374 61/20 

5  50  ��75 �d��  67/236  02/13 

6  75  ��100 �d��  83/449  76/24  

  

 
M�8��O� �+�- �� �r���F�
G��z�D- 4  �- ����E� ���O+ R���= (�, Q�\� �Z� .�4.�� �>56 4�
-��) ���
)Long et. al., 2004(4. ��G� F�5\ .� �D	]� ��� 
���- 
�� �- ����4����- � �>O
� �� �X�: ���- ���d� ��� 4��

�� �DE� � �O�E� F���^ R�
iT� Q�\� �����(�, �- .��) PG�� �� 4.�� F�
G U*��� (	�hS� �- #��� !��
^
�� (	�hS� h�� (�, 0	��� #�T�:� l, `	��) 0�� .��� 
�)�- ��G�� !��+�� .� 4��T* U*��� �* �O	��) �� 
�-�	

(�, h�� �^�%� �	��� �(k- �- �� (�, 0	��� !��� �� �)�- 4�: �� ��- 0^�� 9�� ��
* ����T� �� 4.�� 4��
�	�h� �Dd�S � U*��� (	�hS� �- ��� .��� (	�hS� F�
G ��	� PG�� � ��) !��5G ��� !�	�G U* 0^�� 
!��+�� ��

(k- �	�� �- (�, #�>����� �� ��))Song et al., 2017( .  

  

�*������0  

�	] �����: 75
��� � ��) H�� R��. |O� ��)��+ (-�� �- .0�� R��. 
�_��=��� R�	�= 4�� 4��� �- �	���� 4��
�� F>�
� |O� �	�h��� (	�hS� 08�56 �� ��G�� #�8�)� F-�\ ���� 4��� 
`�E� !�) H�� �- .��) R	��-�
- 
�-�	

(�, Q��) 4��- 4��T* 4���� ��k- lNG 
R��. |O� .� �� �.�- {���� ��	� 4�� .� .0)�� �
���+ H.] 4.��
* ��� (	�hS� �- � ��) ��� �� ��G�� l,�� �T F�5\ .� ���G H�%G� !��� a�3Od� � ���+�- R�
iT� .�
*

���. ���� l, 4��E� �- M���: �G�� �D* ��O- .0�� M���: ��

* ��/	� F���^ .� h�� �_D^ ()�= � !��+��1 
� + ��G�� U�D\� ��+ `	��) �r�� � ��)�N� ��K�� F�
G �� ��G�� ��+���� #�8�)� �O+ #�T�:� �- �)�- �� -

S� �	�h)Chuvieco et al., 2004((�, !�3�� . .�� ���5) .� 7O>� R	� �� ��	. 0�� �� �- ����w .� �8- �� 
4.��
.0�� ���>� F\��: �� h�� �5%� 0-�6� �d�� � ��]�- M���: �G��  

(k- �8��O� ���� �>O
� �� F3)) ����� 4��]�- ��*��: 4��� �-�� l�
G �� 4��5 U* 0:�%� RTX ��� 
(
)62/6 �d��(�, �O+ �Z� .� `���� �>56 �� ( R	� �� 
�^��. 4�-��* !��- �� �- !, 0D^ .�
�%� 7\�� 4.��

.0�� �>O
�   ���: ��70  R�- �	��� ��*��: �>O
� �d��28  ��30  �G������� #��G) ���� ����3( �D^ ��� U��
 F3)) H�� �5�� !��- ����2 �^��. ���T^ �* �X��� 4�-��* Q�� P��� ��K�� R�
iT� � �	��� ��T* �
��� F���- (

.0�� ��) ����* !, ��K�� M�) .� 
0��  

  
                                                      
1 - litter 
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F8� 5��5�G� ��3� �6G+� ����0 �*�� �	6. :  

  

 )�/*3�6�� :��5�G� ��3� �6G+� �VD�/0 ����0 �*�� 1/+O  
R'��  ��� K
 W3GE  ) >0�#���"8
(  FD �O >�#. /-��  

1  27 -26  18/111 12/6  

2  28 -27  35/315  34/17  

3  29 -28  22/562  93/30  
4  30 -29  45/708  97/38  

5  31 -30  43/120  62/6  

  

B��O  

!�.�� �- �G�� �- Fd�: KL��� 0E� �� �5%� 0-�6� � ��� �3 + �* J��-   H���r �5�� �� ���� ��+ Q�8 ������ ���\ 
F3)) 2(.  ���: ��:�%� �- �>O
� j�) #�T) � #�T) �- z�-�� M]�h� ���>� R	��T*212  �* 0�� ���3�

65/11  b�c�+� ��+ �- �� �>O
� �d��0�� ����.  ��
� ��2/1  �>O
� .� �d��) ���:21 ���3�(  l�
G �� 7\��
�� ���� � M]�h� �	��>� R	�� �- 
�>O
� l�� .��) �����: 87  �d�� .�  ��]�� J��- `���� �: �� h�� �>O
�

�� ���- M]�h� .� 
�>O
��- .���- D*��6� ���� �>O
� �\�) #�T) �- �-�� l�
G .�  ����* J��- �	��>� .� �8��O�
����). �� 0S�	�� �� M]�h� F\��: �* 0�� �:��� �- V5O
� �O+�= V6�
� 
�X�: �8��O� ���

*  F3))6(.   
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 V56) R������ �3 + I+�)15/38=AI(
 ���� �>O
� U�%>� �� � l�6�� ���%- ����E� �� �8��O��- 4�
- J��

) ��� l�6�� ����E� �� ���5�,87Q2= �_D^ ()�= ����� �� P��
� !��� ��/	� �^�- `	��) R	� .0�� 7\�� (
�������- . �<	�) J��- ��+��
3	 I+�) ���>�11/2H=( 
 � ���- l�DO��: .� �*��� �� �- �� M]�h� ��G� 4��

0�� #�� . 
�TD%�KL� J��- M�� #�6 � ������S 
���>��� (�, ���+� �- �T��F�
G 4.������ !, Q�\� M�) � �� 
)Chen et al., 2008( .�� ��+ F\��: �- ��	��) �� ����+ ����. ����E� �� M]�h� ���>� �r��J��- ��� ��� 4��

 
���- �� h���= !����� �)� (	�hS� �� PG�� ��)���� ���/  U*��� (	�hS� �- ����� ()�=4. U/: �- ���hS� ����
�� .��).�  �� ���- �+���F	��� �- J��- �* h�	�=�� u� M��� 
���4.����� ����  �- � ���� 0�� .� �� ��+ 0-�6�

�� F	�5� #�8�)� F-�\ ���� .����  

 ����-F�%���= (�, Q�\� #��G) H���%��, I+�) �T* �- 4.��4 !� � (�����  `	��) #�� .� ��� ���r �� �*
(�, Q�\� 4��- �-�DO�.���� ��G� �>O
� �� 4.�� ��� �� H���%��, I+�)�5����� �� R��� 4��  �� ����� ���:)

(��	��) �-) 0�� F\��: ��6  `����7/1(  �#�cS �� ]�- 4��� ��
* �� ��� 0-�6� (��*  U���S PG�� � +
(�, `	��) !�) 4.��0��.  R	��-�
- �� .��� H�	� R	�`�E� 0�� �� !���- � (	�=M���� �  ������ ��)�� 0�����

�
)�-  �- ����� � ���� � 4��(�, 7	�� H��\� 4.���- �� .����, FT^ �� !�>>E�	!� � !��� ���J��- ���>� �* �� -

4�� �����	�� 4� #����+� 4�� � V6�
� ��*� �4���� ���� F-�>� �� � ��)�� ���h��6 � + 4��	F M�T��  ��
�� u� !��%-�� � !��%�. #�cS��� )Giannakopoulos et al., 2012 ( ����� ()�= !��- U���S M��d �� �*

 � ��� ����+ (	�hS� �� #�8�)� 0�D-�\ 
U*���������	0 PG�� �X��� P	�k� �	� � ��) !�-��- �O+ (	�hS� � �	�.
 0)�� ����+ ���T� �- ��)Salvati et al., 2012( .I+�) !��� ���%5T� ����- � ��)��������� J��- 4��

!� � 
H���%��, �� I+�) �� R	� �* ���F-�\ �_
� ���%5T�  �G����	�3	 �- � ���� F3)) �7.( �- !� � ����5^
�� �>O
� �� �* ������� �� �8��O�  �= `	��)�������- �r�� 
0�� �� �- (�, ���+� #�T�:� 
 �	�- �>O
� ��6

��~\ R	� [3^ j��d .�)�-  !�) U���S � 0-�6� ��G� `	��) �� �_D^ ()�= U*��� (	�hS� 
Q�X�� R	� F���
.0�� �3 + `	��) �- �G��� ���� 4��- #�8�)� F-�\ ����  
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 F8�6��3� �6G+� �� !���O @+D��
 �	6. : ��5�G�  

  

 )�/*4� Y��"#Q.L Z[�� : ��� �� �/����/.�"E� B��OR�"�� 1�
  
���  Y��"#Q.L Z[��  �/� ���/.�"E� B��O Z[��  

�	����  5/6  001/0 -  

�	��S  9/5  011/0  

1���  9/4  022/0  

F	��,  9/3  001/0  

��  9/2  008/0 -  

R���  8/1  209/0  
4]��  6/1  545/0  

M��  3/1  708/0  
�5�����  0/2  434/0  

�5�*�  1/3  088/0  

�5����  6/4  013/0  
�5����  5/5  004/0 -  

  



  
  
  
  

118  -------------------  �� �	
��
��� ������ ���� 10 ����� �30 � ������1400  

 

  
 F8�7 �Q"#��
 :]�O  Z[�� � Y��"#Q.L Z[��SPI  

�5L ]O�D  

.� (�, �- �K�� F���^ 0�T�� �Z�4.��
 ��, R-�*
  U/
= ��� ��.0S�� ���\ �� !� � ��, R-�* 7	.�� � >� �* ���
(k- `>S	��� �>O
� l�� l�
G .�
 F-�\ R-�* 4�
�  �G��� ) ����0_� �d�� F* 0:�%� .�(  �- V5O
� �*

�� �>O
� R	� �� ��, R-�* ��
	�hS� F���^ .� � 0�� �_D^ ()�= U*��� � J��- �
� �- �)�- ����� F3))8(.  ��>-
�X��� ���� �>O
�  ���>� F\��: ��, R-�* �Z�.� �8��O����� ��.  (>�F��^ R	� (�, ���+� ��.�����i�= 4 .0�� 

(�, ���+� #�T�:� �� �5��G�� � >� ��, R-�*.��4 ���� )McCaw, 2013(
 �S�6 .�  �T�D\� P��
� `	��) ��G�
PG��  ��, R-�* ���>� (	�hS��O+ � ��) a�+ (�, Q�\��� (	�hS� �� 4.����� �  .�4�� (�, #��
* ��	� -

� 4.�� ������ �= M����\� , Q�\� .�
(� M��.��� ��
  �� R-�* ���+Y �-4. ����� ������ a�+ ��	�hS�  PG�� �
 `	��) !�) U���S���+� (�,�� 4.����)�- . �	R ����P
 ���� (�,#��
* � 4�T^ 4.��  .� 0w�_: 4��- ��)

�d�^����) 
�8�56 4��
 �X�:Q��h� � h�k-, 4�� 
 � U����� 4��*R��8� ��

*�= !��� ��<= .0�� �� ���e�
�8��O� 4�� �* 4�1382 (�, ����(�, #�T�:� �* �
�S�	�� 
����� H�/�� 4.�����- �� 4.�� .� �� �- ���%- ����.

!, �� �* 0�� �>6�
� � 4.��� * �X���F�
G �� ���� {��� �^��.)Carmo et al., 2011(.   

  
 F8�8��5�G� ��3� �6G+� �� _�[ �5L ]O�D ��/6� �	6. :  
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>&* �� `  

�8��O� ���� �>O
� 
�-�����* 0�� 4� 21  �d�� �X���) �>O
�382  
#�T) 0�G �- �� (���3�6/44  
�d�� ��
���- ��:�%� �- �-�� 0�G  �-483  � ���3�3/7 ) �d��7/132 7\�� �\�) 0�G �� (���3�  ��) ���  #��G)5( .

4��)��+ (-�� !�h��
 �KL�� .�  � P�) 0�G 
P�)�S��eG x�^ �	��K� �* 0��4  �- .��- 4��E��-�6��  ����
#�8�)� F-�\ �����- . !��
^   #��� �X��� ��P�) 0�G �*
 #�T)  �\�)0�� 4���� W�d �- ����E5d U
5) ��k5� 


 7��� � ���- ���T� (	�hS��� ��� 7	�� .��) R�
iT��� )�P ��4  R	��]�- �� �
�+�� ���� 0-�6� 
#�T) �-��
 .0�� �:�-��9^  W�- P��\ �� �* ��]�h� R�
iT� .����� �� (
*��= u�� R	��T* � ���- F\��: �� ��� R������

l�Y ���	� �
�%� `	��) � ��) 7��� �O�E� �D8)
�+�� ���� !�) ��
� �� � �-�
G M��G �� 7\�� �:��� .��)
�� 0S�	�� �� �-  �� 4��)��+ M�8 8 � 
�-�� (	�hS� �/��� �� � �

* �/
� �* �0�� �� �- �:��� R	� �� ���

�- 
�5%� 0-�6� (��* �-�� ����w.��8- �� � H�� #�cS �� �<	� .��) ]�- 4����� Q�\�(��* �  ���� 0-�6�
 �
�+�� (	�hS� M�5G��(�, �O+ 4.���� U���S �� 
!���3T� � 4�_
~�) �
*1383 .( ���� �>O
� �d�� ���_�

G �* �
�%� �X��� �8��O�!, P�) 0� P��� P�) 0�G .0�� �-�� � �-�
G ��) 
�>O
�70  �-�
G (�X��� �d��
�� ��Z��� R	��-�
- .0�� �-�� ��� � �)�- �G�� F-�\ 4��)��+ (-�� 0S�	�� ����- 4��	. 08�� �� ����� !��
^

(�, 7	�%� �� �3T* �D��^ .��) l�%E� 4.��  

 )�/*5��3� �6G+� �a��� `�� >&* ��6�� : ��5�G� 
R'��  >&*  !3Q��
 ��/�<  (��"8
) >0�#�  FD �O >�#. /-��  

1  #�T)  46  8/381  04/21  
2  j�)  40  65/132  31/7  

3  l�
G  53  483  61/26  

4  l��  48  46/810  64/44  
5  0�G !��-  1  7/3  4/0  

  
 F8�9��3� �6G+� �'��?��c* ��&* �	6. : ��5�G�  
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_�[ >?�O  

 �X��� .� �T�� �� a�+ 0S�- .� R�
iT� .0�� ��) ����%� �-�� l�
G � l�
G �� h*�� .� �* 0�� ��� �>O
�
(k- �� h*�� 
!, 0:�%� �* 0�� ��� ���� Q�� .� a�+ 0S�- 
#�T) �� �	��34 �� F��) �� �X��� �d�� .��)

) 4���E� ���%- �X��� � ���� 0S�- (�d�� ��) j�) #�T) � #�T) �� �3	��- �
�=5/0 ) �� (�d�� j�) #�T
 #��G) ����� �
) ���� 0S�-6 0�� �K�� l, 4������ 0�S�w � Y�_� 
� 3�. M�) �- a�+ 0S�- .()Houle, 

2015( (�, ���8��� �- �:��� �- V5O
�) �
�%� �����+�- 4��]�- 0�_�* .� j�) #�T) � #�T) �� 7\�� �X��� -

 F3) 
]�- 4.��11= 
�:��� R	� M]�h� U/: �- �G�� �- � ( ���� 4�� �- 4�>- � ����� !��� 
��G�� ����� ()�
�� �T* !, 4h�kDd�: � a�+ ��, ���� (	�hS� �- �* �- 
!�S �� Q�
� ��/	� � ��%	. 0���8S (	�hS� �- .�	�T�

4. ����� PG�� ��+ �* ��) ���hS� a�+ 0�_�*�� 4�� �- ���� ��~: �� � �_D^ ()�= U/: (	�hS� �- � ��)
 F���^ ��	�(�, �8�%� �� ��+ ��K�� 0E� �:��� 
��

* F��%�.��T� ����+ 4.��  

 )�/*6 : ��6����5�G� ��3� �6G+� �� _�[ >?�O  
R'��  _�[ ;3.  (��"8
) >0�#�  FD �O >�#. /-��  

1  H��  35/156  6/8  

2  ���  44/1039  2/57  
5  ��� H��  47/611  7/33  

6  �
) H��  75/9  5/0  

  

/-��  `��  

�� 
P�) ���>� 10  .� (�- �8��O� ���� �X��� .� �d��30  #��G) 0�� �d��7 �� �* �D	]� .� �3	 �	�) .(
(�, �O+ 
�>O
� l�� #�T) �:��� P�) �G�� ��	. .�)�- Q�X�� R�T� 
0�� ��]�- 4.���
����� 
 �- 05%�

KL� �	��S��eG x�^�� (	�hS� �- � ���� (-�� 0S�	�� ���>� �- 4�� �- !, ���>� �-  �S�X� 4��)��+ 4���� 0S�	��
��.��) �-�
��� P�) �d�� �r�� ����5^ ��- ����+ �� �- |O� �- ����� 4��)��+ 4���� ���>� 
�)�- �� �- ��

.��* ����+ ����� 4�� �- 4���� �  R	��-�
-�/�,.��	 �* P�)
 (�= �-�	����1  � 0^�� 
0�� �K�� �
�+�� ����
(�, 7	.�� 0�GE� �� 4.��0 ��K�� .��� ����+ ���\ ) !���3T� � ����*2011 .� (�, 0	��� �* ����� !� � 
(

P�)���: �� 
���� 4��8d ���� ]�- �- �d�� f
= .� (�- 4��(�, Q�\� #�T�:� |O%� �:��� �� �* �� 4.��
 0�� F\��:)Carmo et al., 2011(  

)�/* 7:  d'$3< �a��� `�� /-����3� �6G+� �� ��5�G�  
R'��  `�� /-��  ) >0�#����3�(  FD �O >�#. /-��  

1  15 -0  67/786  31/43  
2  30 -15  60/827  55/45  

3  45 -30  5/186  26/10  

4  60 -45  55/13  76/0  
5  80 -60  20/2  12/0  

                                                      
1 - Pre-heating 
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;�P<��  

 �>O
� j�) #�T)���� �8��O�) V6�
� R	� �� .���� �� �	�� |O� .� Q�_��� ���>� R	�� �- 
1400  ��1700 (��� 
(�, #�T�:� R	�� �-�� ���� � h�� 4.���- .��) ����5^7_��� V6�
���8�%� V6�
� �- �� (�, V5O
� 4.��

 F3)) �
�%�10( �*  ���:22  �d���� �- �� �� �X��� #��G) ����8(�- . ��6  #�T8� �	�-Q�_��� (	�hS� �-
  .�
(�, �%	�U*�: �3	����*� `	��) ���� ��� ��) ����* 4.�� �� P5���) �� ����� ()�= U*��� ��  M�^�_���

�-���� � ��) #�8�)� F-�\ ���� U*��� �- �/
� �* �-�	 (	�hS� 4��\��/  .���- F\��: �- �5%� 0-�6� ��
��* �K�
� �- Q�_��.� R���*  
M���: �G�� ���>� �� �5%� 0-�6�(	�hS� 4���� �� ���e� PG�� � ����  � ����� ()�= �)� 

7T/�  �
�+�� ����0�� ��) .	 F���^ ��
* ����)�� (	�hS�  �� ���0�G  
0�� 1�%E� ���%- ��* ��- �- 0 =
.� �� 0-�6� 
���* ��8d 4��� ��	. 0��  �- !��- � + RTX #�h� R�: �� � ����(	�hS�  �-) 0�� �G��� U� ���

 �� 4�.�	� �d ����� �G�� �	 
��� P5� �* (���� �O+ (	�hS�(�,�� 4.	 .�) ����+ !, M�) �RTX�� 
�- !��hS� �- 
M���: �G�� �8O>� (	�hS� 4��T�- F���^ J��%� � �)� 0^��!����= � �. ()�= P	�k� �^�- ��

 h5� ��) ��- P5� U�>�%���� M��d�� #�8�)� F-�\ ���� ����� ���� 7	�%����� )Schwartz et al., 2015.(  

  

)�/* 8:  ��6�� @+D��
 ;�P<���6G+� �� �'�� eGE $�  
R'��  ;�P<�� (���)  >0�#� (���3�)  �O >�#. /-�� FD  

1 1200 -1000 91/657 20/36 

2 1400 -1200 64/763 02/42 

3 1600 -1400 05/359 76/19 

4 1700 -1600 96/36  02/2 

  
 F8�10�	6. : ��6�� �'�� eGE $� ;�P<��  
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/* )�9GE : W3�
0�3. @+D��  �O�� ��*�� R�"#� /�"<L@3E$1  

/-��  >�#.�O FD (��"8
) >0�#�  �6��  

5/15 0/277  -� �O+  

9/31 5/569  U* �O+  

9/39  2/712  `���� �O+ 

7/12 1/266 ��	. �O+  

  

  
 F8�11�+&
 �	6.  : @<L �G[ 1/+OFQ+* �� 1$3E>���E 1�
  

  

���". 1��f  

 V56 
f	���5/15 �Z�.� �>O
� �d��  �O+(�,4.�� ����E� �� �- 
�O+9/31 �d�� �-  
U* �O+9/39  �d�� �-
 � `���� �O+7/12  ����E� �� �d�� �-����� ���\ ��	. �O+  #��G)9.( ���� F���^ !��� .� �8��O� 
 ()�= U*���

KL� R	�� �- ������� (�, �- �� 4.��)57  (�d����%	. F���^ .����  j�) #�T) � #�T) ��KL���  �� 4�� �-
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