
 

��� ����� 	
��
� �� ��������� ������  ����14 ����� �43
 ��
�� 1 ��!" �1404  

  

����� �� 	
��
�
��  ��� ��� ����� �����
��� �� ����
��� �� �����  �� !

� "��#�
� �$� � %
�&� �'�(  

�
$�% ���!&'1 ��!�$�� ()�*'2 �& ,-�.���%�'3* �-�( �0�1 2��'4 

1 .�����	
 ��
	
 ������� � ���� ����� ������
 ��� �� !� ��"���	�# ��!$�  

2 .������� � �� 	������ ����� ������
 ��� �� !� ��"���	�# ��!$�  

3 .	����'(� ������� � ���� ����� ������
 ��� �� !� ��"���	�# ��!$ �(*�+,- �#�,'��)  

4 .���	�(� (�#0"��
� (�#0"�� ����
� $�1 ��"���	�2 3(#- 

  

�)�3� ���4��  �(�56  

 :�)�3� 829 45�6-����78  

  

��:$; ��$<=�: 20/11/1402 

 :>$��$� ;$��:25/04/1403  

��:$; ?
$@�  :15/05/1403  

  

�A�� :'(��& '�
   

�	�5��  �<0 - =�(> ����

'�	���
 ��-��? (�"5�'@�  
�� 

��-�(�8��
�  (�A�� B��R �

"�,�C�� D���?-� .  

� ?$�
��� )BC 4
 2���� (	 <0 - A'( =�(> @!- 
�A�� E� �F' (GH1�� I$�J!��1� ��� � �� �$ � 

 K�,�� 2-L� 	(�	5� � ��2��
 ��,��� ��� �$ ���C�'M �������'  �$(	 K� 
�'N8����1 �O��� -=# 

GH1�� -�.	(�N� ?'�E� 4 5�P- ?'� ��(�(�$ 4$� (�-� M$��(
 $�? ) �������� 
����-�(�8 ��-	Q(�$�  2R��

�,� 2$��( �	�$�� $���� =�R�� ���� (����� �(�S T$�1�# �(�
���$� � 
O�'�#�(�� - 
�� ��� )CO �

NO2 �SO2 �O3 �PM10  �PM2.5(  � ���� ?$�
 �#�'O� ��UC��? E(�'$�� �6- �'4, �(�
�' V�8 (�"5�'@� 

?���- 
���	�' ()����K� PS� 4���#�W )MLR( *#- �� C� C 1�@'4��� )GAM 2S(	 �(46��#�$
 

���( ��K� )CART �(�	�X1 I"��) �RF � (�61'2 	���'K� )GBM ((E�,5#- (	
 O�'�#� ��  I-��R �

���'���� (	 �GY- �1��=�� ���� ?$�
 �#�'O� 2Z0[ \P�  � A'��1 (	 K��!1)2021 -2004 ( �$�	�^��� 

B�� E� (�A�� R 4.3.2 .2�� 4�S�	�8 4 5�P- ?'� V'���  � �������� 
����-�(�8 ��GH1 (�F�� =��^1 �"���$

�#�'O�4$ K��!1 � A'��1 (	 ���� ?$�
 �#�'O� 2Z0[ \P� �$ (�� - 
�� 
�� ��'������� 2� J�- I�5	

�� M'���46P�- (��S�� � �'�����^�- 
� �( 
(�	�� - 
	� _ #��( ���� ?$�
 =�(> .2�� ���!� ?'� =�

�	�
 4$��1 K��!1 � A'��1 
���!� (	 4 5�P- 	(�- 
(�-� �(�	 *�� (	 �$��$ `���,� 2R�� �$#��.  3��� �$

4���'�#�'O� �$ 2�a- �"�,�C� 
�(�	 ���� ?$�
 =�(> �?-��D�� �"�,�C� I�0b1 E� I_�c 
�� 
��

PM2.5 �NO2 �CO  �SO2  �$ �^�- �"�,�C� �O3  .2�� �$ �"�,�C� ?'����$ 
�(�	 ���� ?$�
 �#�'O�

 ��� (��� � (�^�-) �-	 
����-�(�8 � A'��1 (	 (2�a-) ��,� 2$��( � (�^�-) 	�$ 2R�� 
����-�(�8

 .2�� K��!1 (	 (2�a-)E(� 3��� �$'$�� *#- 	�F0CR ��
 8�"�� 4��_ I_� 4$ 4��1 �$ � ���'�  (	 A'��1

 *#-GAM 
���- *#- K��!1 (	 � MLR T�8 (	 
��!$ 	�F0CR E� 4$ 2�,� ���� ?$�
 �'	�6- ���$

*#- �'��#�	�$ (�	(�S�$ ��.  

��BC-� :(��!

�8 ,'�,#5�S ,
�!� ,'(�
 ,���,f
�0R ,@��J ,
� ,�# 0��I) .1404�(�$ .(� O� =��G�'�#�  ��
 ��
  -�(� ����-�(�8 �
 �������� 

�1 �$��� � ?$�
 2Z0[��� ��1 � K��!1 (	'Ab- =����f- .�M ��� ��14)43 ,(26 -23 . DOI: 10.22111/jneh.2024.47935.2028  

  

                     K��,W�0$ � K��,�� ��"���	 :����© �8'�, (��!

�!� �'(� #5�S

 @��J ����,f
*� ��# 0��I �0R
.  

                                                      
*  - 
 @��J���,f 
)*�+,- �#�,'��(  Email: gh_keikhosravi@sbu.ac.ir  



  

  

  

  

24   -------------------  �� ��	
���
� �

���  ����14 ����� �43� �
��� 1 ���� �1404  

 

��(3�  

 �#�'O�� ?$�
���  4
 2���� (	 <0 - A'( =�(> @!- 
�A�� E� �F' T6� (��,$C!-� �1 (	��� i��� *	� 1
  � ��

�- �^'� ?�-E T'�-�� .#�
R (	�? *�c� j��1(�  (����� =�(> ?'�- � k�- �$�� 3(	�E �$ �( K� �#CR ����"� l' 4

$��
 
�^�2 ���
 0b-�  .2�� �	�
 I'#�1��$��$'�? ��� �'�� � �������� 
����-�(�8 �$ ���� ?$�
 j��1(� 2S

�#�'O�
�� 
��  
(��m8 � 2�����#-�
 ��a-� b- E� 2n�^c (	�M 2,'E K�,�� 2-L� � ���C� 4$  #���S

2��	. �- K��� �0S�	 T��78 =��$	� (��- o0�f- 
����-�(�8 =��G� ��(�$ 4��-E (	 � -�� 4 5�P- K��
 �1 #�	

 � ���������#�'O� .2�� 4���"� =(�_ ���� ?$�
 �#�'O� 2Z0[ �$ (�� - 
�� 
�� �m�c T��78 p#� ��( ?'� E�

�#�'O� ��������� 
����-�(�8 ?�$ j��1(� 
��
��3��6- (	 ���� ?$�
 �#�'O� � (�� - 
�� 
�� � 4����- ���-E 
��

 ?��UC� � �0X��'����� O�'�#� �� ������� I-��R ��  �GY-(	 �1��=�� \P� 2Z0[  (	 ���� ?$�
 �#�'O�

K��!1 � A'��1 
���!� *�� �� 
��2021 -2004 .2��  

 

���� �
 @�� � �
    

�	�	 ��
 (	 �	�^��� 	(�- 4 5�P- �m�c 
I-�� -�"���?  4����-
����-�(�8 �������� )�-	 �	�$ 2R�� �Q(�$ �

 (�
���$� � 
#��(�S T$�1 ��$���� =�R�� ���� (��� ���,� 2$��( (	�'��"�,
�� 
#'#C� �-�"���? 4��E�(  2Z0[

�#�'O�(�� - 
�� 
�� )?$�
 #�,
��- ���Ki���  �#�,
� 
		����  (<0 - =�(> � KE� �#�,
� 
	(	 �'��"�, 
��

�8'T 
�^�2 ���  ��R�� ?�"���- �2Z0[ �#�'O�
 ���� ?$�
  �#� q��f����	�	 E� 
�� I�0b1E�$*#- 
���- 

2-MERRA  (	?���� r(� I��� 4��-�� 2�� . E� T��78 ?'� (	 (�A�� B��R f,� 42.3.4 ��$
  B���� 4�0
A�1'4  �

0b1�I
�� (�-�
 �	�	 �� �	�^���2�� �#�. �	�	 2�^�
 =�8 � 	�6^- �'	�6- 2'�'#- � �'����� <'�� E� �� 	(�-

2��� (��J ��(�$  ��	�	 �$ ���-E 
(��E�� 2!�2Z0[ 4����- �'	�6- ��������� 
��
�� �#�'O� �� q��f���

.#'	�� K�-E� ?- 
��-�(�8��-*�#�
  
��$ 4����- ���-E 
�� (	 #��( 	��� B#R �' 	��� ?�� 1 � �������� �_��R

�#�'O�?� s�� K�-E� � ��� 
�� �	�	 ���-E 
�� (	 #��( � J�� s�� 	(���$ 2!� ��� 4���� (�F$ .# K��- j��1(�

�#�'O� ��������� 
����-�(�83��6- (	 ���� ?$�
 =�(> � (�� - 
�� 
���0X� � 4����- ���-E 
��  ��f��� �$

�	�	 t'E�1 3��� �$ s���- �"�,�C� I�0b1 Q�( ��2��� (��J I�0b1 � 4'A�1 	(�-. (�Z�- 4$ �'����� O�'�#� �� 

������� I-��R �� (	 �GY- �1��=�� \P� 2Z0[ �#�'O�  (	 ���� ?$�
 
���!�K��!1 � A'��1(�"5� �'@� ��
 

'�	���
 ��-�? ���( I-���K� PS� 4���#�W�  *#-� C� C 1�@  '4����  2S(	46��K�����( � 
#�$ I"�� �

 ��	�X1K�'	��� 2'�61 �  4�,$ (	tidymodels �	��8#� 
E�� .E(�'$�� *#- 	�F0CR
��  s'�m 3��� �$ �"��8

 ?�� 1�PS =� $�- ?�"���- 4�'( �
 �.2��� =(�_ (T'�-E�) ����(���R 

  

�C9$D E�" � 

 (	 ���� ?$�
 �#�'O� 2Z0[ 
���!� �"�,�C� ?'����$ 
�(�	 K��!1 � A'��1 ?'����$ � A'( <0 - =�(> �$ 2�a-

2�� KE� �#�'O� �$ �^�- �"�,�C� �?��UC� .4���' ?'� 
�� T��
 E� �
�c 4 5�P- 2Z0[ \P� ?$�
 �#�'O�



  

  

  

  

25   ----------------------------   �	�� !" ��	#�$�%&  �'( )*( ��
�� �'	+����� �(  �&��)'�...  

 

 ���� �$ T'�A����(�S T$�1 � �$���� =�R�� �	�$ 2R�� ��-	 
# � �#�'O� ?'� 2Z0[ T'�A�� �$ K�A�- T'�A��

��$� � ��� (��� ���,� 2$��(�
�  ��0
 (�P$ .2����!� ?'� (	 ���� ?$�
 �#�'O� A'��1 (	 ?'����$ 
�(�	

��,� 2$��( �$ 2�a- �"�,�C� ?'����$ � 	�$ 2R�� �$ �^�- �"�,�C� .2��  � �-	 A�� K��!1 (	 ��� (��� 4$


�J s�1�1#�(�	 ���� ?$�
 �#�'O� 2Z0[ ?�"���- �$ �( 2�a- � �^�- �"�,�C� ?'�1.  4��1 �$����S 4$ 
��

@�'(�"5� �?���- 
���	�' 
���#�'O� � #�,
� 
	 Ki����� � A'( =�(> �KE� 
�� �_��R �	�$ 2R�� �-	 T$�1 �

 
#��(�S 
����$ 2�C�� E����� ?$�
 �#�'O� =�����1 \�m�1 (	 .#�(�	(�S�$ A'��1 (	  (	 A�� K��!1 
����-�(�8

 Q(�$ � ��� (��� ��-	� �#�'O�
��  KE� � ��� (	 <0 - A'( =�(> =�����1 K��$ (	 
�1�GY- T6� \P� �#�'O� 2Z0[

���� ?$�
 �- �^'�.#��
 E(� 3��� �$'$�� *#- 	�F0CR ��
 8�"�� 4��_ I_� 4$ 4��1 �$ � ���'�  (	 *#- A'��1

 �����- #�W �PS K�����( *#- K��!1 (	 � 4���' @�C 1 � C�T�8 (	 
��!$ 	�F0CR E���$ ���� ?$�
 �'	�6- �

*#- �'�� 4$ 2�,� ��#�(�	(�S�$. 

  

���C9  '��F  

 �#�'O�� ?$�
��� 8 T6��U��# R (	 ��? C!- *�c�  �G� (	�C�0J�  �� (	 <0 - =�(>�- �^'�#�
. ��$��$'�? 

6b1�=�6 �( �$
 �#�'O� �'�� � �������� 
����-�(�8 �$ ���� ?$�
 =L-� 1
�� 
�� ,$�(� 2�� @!- . 4$ �tJ�� (	

5	�I  *��� ?$�
 ��1�
 �CR���� (����� T��
 �#�'O� ?'� - �!�1 4�� #���1'l 	����( ��$ ?FC-
 �-�� T��
'T 

��!�� 
 	��!$ �$ 4F0$ �#��$�^�2 4$ ���6�,- (���@ - lC
 K�,�� 2-L� 4$�#�
 .�- K��� 4 5�P- ?'� V'��� #�	

�	�	 4
 *#- I�0b1 E�$ 
��MERRA-2 �-�	�	 �^�
 I�0b1 
��$ �����- (�A$� #���1 ?'� �$ .#��$ ���� ?$�
 
��

�	�	 ?�'�8 ���F- l�F^1 =(#J 4$ 4��1 �$ �*�c �c��� �*#- ?'� 
����@�, ��
 �	�5� �$ =(�Z� ��!$� ��$ ���
 

�( 2�G'��	�#
 �	�5��  ���� ?$�
GH1 ��=�� �P�b- K� KL
 (	�!�
�� E� .2�� 
(��m ��  I-� 1 2S��� �"'	

�#�'O� � ��� � �� �$ ���� ?$�
 �#�U�8@�0J� 
�(�	 
�!� <���- (	 (�� - 
�� 
��  �7'�$ =��^�- (����� t$��- �

.2�� ����$ =� 5�P- #�-E��� *�� o0�f- *�X� (	  

  

G"�B�  
(�8 u�v(� 	�A��
w 
��,S �) .u��'1400�#�'O� 2Z0[ =#-#�0$ T'�8 .(  ���� ?$�
 )BC( �	�	 E� �	�^��� �$ K��'� (	  
���- *#- 
��

2-NASA/MERRA. �P�b- B�0R 4-��0X� �19)3�( 99-122 .https://doi.org/10.52547/envs.2021.33941  


��S w4�m�- �(�8 I� C�� wy���� �(���.���!- ��'��-� w(�X�- ��	�E )13994^5Y- �'�z� I�0b1 .( �!� 
��� ��	�5� �$ (�N���G�1 
��

 �� ��� M�b- =����f- 40�- .A'��19)24 �(172-151 ..2020.31469.155810.22111/JNEHhttps://doi.org/  
Bounakhla, Y., Benchrif, A., Costabile, F., Tahri, M., El Gourch, B., El Hassan, E.K., Zahry, F. & Bounakhla, M. (2023). 
Overview of PM10, PM2.5 and BC and Their Dependent Relationships with Meteorological Variables in an Urban Area in 
Northwestern Morocco. Atmosphere, 14(1), p 162. https://doi.org/10.3390/atmos14010162 
Chen, C., McCabe, D. C., Fleischman, L. E., & Cohan, D. S. (2022). Black carbon emissions and associated health impacts 
of gas flaring in the United States. Atmosphere, 13(3), p 385. https://doi.org/10.3390/atmos13030385 
Kuhn, M. & Wickham, H. (2020). Tidymodels: A Collection of Packages for Modeling and Machine Learning using 
Tidyverse Principles. https:/www.tidymodels.org 



  

  

  

  

26   -------------------  �� ��	
���
� �

���  ����14 ����� �43� �
��� 1 ���� �1404  

 
Kutzner, R. D., von Schneidemesser, E., Kuik, F., Quedenau, J., Weatherhead, E. C., & Schmale, J. (2018). Long-term 
monitoring of black carbon across Germany. Atmospheric Environment, 185, pp 41-52. 
https://doi.org/10.1016/j.atmosenv.2018.04.039 
Liakakou, E., Stavroulas, I., Kaskaoutis, D.G., Grivas, G., Paraskevopoulou, D., Dumka, U.C., Tsagkaraki, M., Bougiatioti, 
A., Oikonomou, K., Sciare, J. & Mihalopoulos, N. (2020). Long-term variability, source apportionment and spectral 
properties of black carbon at an urban background site in Athens, Greece. Atmospheric Environment, 222, p 117137. 
https://doi.org/10.1016/j.atmosenv.2019.117137 
Liu, X., Wei, Y., Liu, X., Zu, L., Wang, B., Wang, S., Zhang, R. & Zhu, R. (2022). Effects of Winter Heating on Urban 
Black Carbon: Characteristics, Sources and Its Correlation with Meteorological Factors. Atmosphere, 13(7), p 1071. 
https://doi.org/10.3390/atmos13071071 
Şahin, Ü.A., Onat, B., Akın, Ö., Ayvaz, C., Uzun, B., Mangır, N., Doğan, M. & Harrison, R.M. (2020). Temporal variations 
of atmospheric black carbon and its relation to other pollutants and meteorological factors at an urban traffic site in 
Istanbul. Atmospheric Pollution Research, 11(7), pp 1051-1062. https://doi.org/10.1016/j.apr.2020.03.009 
Sand, M., Samset, B. H., Tsigaridis, K., Bauer, S. E., & Myhre, G. (2020). Black carbon and precipitation: An energetics 
perspective. Journal of Geophysical Research: Atmospheres, 125(13), e2019JD032239. 
https://doi.org/10.1029/2019JD032239 
Sankar, T. K., Ambade, B., Mahato, D. K., Kumar, A., & Jangde, R. (2023). Anthropogenic fine aerosol and black carbon 
distribution over the urban environment. Journal of Umm Al-Qura University for Applied Sciences, pp 1-10. 
https://doi.org/10.1007/s43994-023-00055-4 
Yeganeh, B., Khuzestani, R. B., Taheri, A., & Schauer, J. J. (2021). Temporal trends in the spatial-scale contributions to 
black carbon in a Middle Eastern megacity. Science of the Total Environment, 792, p 148364. 
https://doi.org/10.1016/j.scitotenv.2021.148364 
Zhang, Y., Li, Y., Guo, J., Wang, Y., Chen, D., & Chen, H. (2019). The climatology and trend of black carbon in China from 
12-year ground observations. Climate Dynamics, 53, pp 5881-5892. https://doi.org/10.1007/s00382-019-04903-0. 




