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Nitrogen dioxide is considered one of the important indicators for evaluating the 

air quality of cities, therefore, identifying the areas contaminated with this 

pollutant is very important. One of the sciences and technologies that can help 

urban environmental experts to identify these areas in the shortest time and at a 

lower cost is satellite remote sensing. Currently, satellite remote sensing is a 

useful technology for measuring atmospheric pollutants at the global, regional, 

and urban levels. Therefore, the present research has identified and investigated 

the temporal-spatial distribution of nitrogen dioxide gas during the spread of 

Covid-19 using Sentinel-5P satellite data in the Shiraz metropolis for 24 months 

(2019 and 2020). Based on the results of this research, the highest monthly 

average values of nitrogen dioxide gas in 2019 and 2020 are related to the autumn 

season. In addition, district 2 of Shiraz was identified as the most polluted area in 

the two years studied. In addition, after analyzing the parameters of wind, 

precipitation, and temperature, it was found that the wind factor with a correlation 

coefficient of -0.638 at a significance level of 1% compared to other climate 

factors had the greatest impact on the change in nitrogen dioxide gas values. The 

Covid-19 crisis also played a role in changing the amount of nitrogen dioxide gas 

in 2020 compared to 2019 every month with its impact on the reduction of traffic 

and urban traffic. The pattern of changes in the average nitrogen dioxide gas 

related to satellite data in the studied years had a decreasing trend, which was 

consistent with the pattern of changes in the values obtained from the pollution 

monitoring station. The results of this research can be useful in urban livability 

and crisis management. 
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�� �0��1� ,�J/��� "�Z*+�L  �L V7�SL���-� )mol/m2(  

90��8  
V�. 2019  V�. 2020  

 ��J-*0� �0��1�)(�@��I  ���7
�� �0��1�)("�  ��J-*0� �0��1�) (�@��I  ���7
�� �0��1�)("�  

7/�>0�  0013654/0  000223/0  0008967/0  000204/0  

�7)0�  0008436/0  000204/0  0004443/0  000192/0  

j���  0008345/0  000157/0  0003315/0  000129/0  

��U0C  0005578/0  000104/0  0003289/0  000100/0  

��  0005878/0  000144/0  0003317/0  000166/0  

,k�>  0006493/0  000191/0  0003393/0  000207/0  

k�>��  0007260/0  000186/0  0003347/0  000149/0  

���  0007555/0  000195/0  0003428/0  000177/0  

����-l.  0008210/0  000230/0  0003439/0  000218/0  

��-?�  0007310/0  000151/0  0003265/0  000264/0  

����7/  0009123/0  000243/0  0003443/0  000191/0  

����.�  0010558/0  000261/0  0003345/0  000255/0  

 

                                                      
1 Shami 
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C3� 6: "� I�X �0��1� �����E8 ���7�/���� �L O7L�� G>��-�/ '�*?� �0��i8 I� h��-*� �0��1� � (�/�'��) �X�7&U ;0�
 ��J-*0� "�


���7
��V�. �� "� "�
2019  �2020 .� :[d�������$	" 

  

�����0�7
 � fU "�
:  

 �	��,� 4�������<����� 4	� �� ����- ��"� �R�Og� '�:;<!��0 �� �:� 3 I�� ��� +q��� ��hi6 �E- 4	� �� .

��- B��"U  ����  � b��- ���<'� 
�� ��(� ��"� �K����� ��$(��-�	
��  ���gIS��.  a|� �"�
� 
� ���N��� �-


�"���< ���� 4������ 4�- ���$dR: c	�Y ���,�'� '�: �R�Og� B��"U � �K����� ��$(��"(P�  !�� ��2019 � 

2020  !��0) �	��� +d��F�4.( 4��`R: LE�� '��-��- b
� D�� � I)0 �����dO� +�,� 
� +�Q�� '�: '�:

 
���� �)� .�� ���N�����R: �"5  B*� �� +(7 B-�g  ��:���  +- _"-�� 
���� �)� �� ��- b
� 4	����- I��

 � ��m I)0!�R� ��m  D�� +����- �-21 ���  �	)89/38  (IU�� �- ���"O�(�� �,� +( ���-�hz�'  ��(��< ��

 B*�) I�� +���� 
���� v�� IR� +- ��m 
� ���"3�7.( 
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 C3�7: V�. �� I���� �H� "�
����X �	1/. ������": ���
�� :[d�� ����� ]��S 

 
V�'F 3: ���� ,�J/��� �0��1� ��L ����D� "�
�  ��� =��L � V�. ��2019  �2020  �0��1�)h�� �'� ��J-*0� �L O7L�� V�'F �� "�


�� I���� �H� K�-
7@�.('��L 

90��8 ��� )℃℃℃℃( 
:��. 

��Lm/s 
=��L  90��8 ��� )℃℃℃℃( :��. ��Lm/s =��L  

01/2019 9 7 7/13  01/2020 6 4 8/117  

02/2019 8 1/6 5/58  02/2020 10 1/5 8/5  

03/2019 11 6 6/93  03/2020 11 5/5 7/76  

04/2019 16 9/5 3/50  04/2020 16 6/7 9/74  

05/2019 22 4/5 0  05/2020 22 4/5 0  

06/2019 28 4/5 0  06/2020 28 3/6 0  

07/2019 31 7/5 0  07/2020 30 5/6 0  

08/2019 29 6/5 0  08/2020 29 5/6 0  

09/2019 27 3/5 0  09/2020 24 3/5 0  

10/2019 21 1/5 5/1  10/2020 18 4/3 0  

11/2019 11 8/3 3/59  11/2020 13 8/3 1/65  

12/2019 8 3/3 84  12/2020 8 3/3 77  
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V�'F 4: ) ��L ,�J/���m/s) ��� �(C0 "� �( '�*?��J-*��
 Z0�m � (SL���-� �L V7�) G>��-�/ "� ,�L � ��� ���L �L G>��-�/ '�*?�

 V�. "��L =��L2019  �2020 

�
�-����
  �J-*��
 Z0�m   "����@�� gB.P-Value  

 ��� �0��1� ,�J/���2019  234/0 -  465/0  

 �0��1� ,�J/��� ���2020  138/0 -  669/0  

 �0��1� ,�J/��� ��L2019  454/0 -  138/0  

 �0��1� ,�J/��� ��L2020  
**799/0 -  003/0  

 V�. �� ��L �0��1� ,�J/���2019  �2020  **638/0 - 001/0  

 V�. �� ��� �0��1� ,�J/���2019  �2020  184/0 - 389/0  

��1�0� =��L  V�. ��2019  �2020  063/0 -  770/0  

•  I��U**  '�N3� 
� ��R( ZG� �� ��.	05/0 .I�� �����.�  

 

 �- !��0 ^	��� +- +0"64'� �	��,� 4������ 4�- 
��- � �K����� ��$(�
  ��V�� +- '"g � ]"*.� ���$dR:638/0 - 

 '�����.� ZG� ��001/0 �� ��	� 4��`R: .�"� ��V�� +- �N�.Y � ]"*.� ���$dR: c	�Y184/0-  ZG� ��

 '�����.�389/0  4������ 4�-'���$(�  !�� �� �: �� ��� � �K�����2019  �2020  !��0 �� +( ��� +����4 

I�� ��:��� B-�g�� ���� ^	��� 4	� . �:� ��\�� +(w���< �,� ��-'� D����\6 �� '�6 +���� �K����� ��$(�

I��. +- D�"/ 4	� ��- IU�� �:�( �- +(
 �	��,� ��  B*� �	��,� +- +0"6 �- .a*.3�- � +�S�	 �	�VS�3 � 4 +- 

I�� ���":�� �	��26 
� ���� '� ��V�	�< B2S1���$�
 
2���$-�6 
3 ��)- �4 '��- !�� �� �: �� ���"3� ��V�� c�6�6 


 4������ �- �"(P� !"2S000255/0 
000184/0 
000187/0  �000151/0  �- !"�[-�����  W�5 
� .�� +����

��	�
  ��- IU��8/3  ����- ��h�+  � V�	�< B2S ��6  �- ��� !��0) +���h3 �,� V�� ��)- B2S �� (�hz�'  �:�( ��

'� 
�� �	��,� �	�VS� � b��- �	��,� 4�- M: ��d�� ���$dR: 4��`R: .I�� +���� 
���� �)� �� �K����� ��$(�

'� 
�� �	��,� �-�� �k� +- 4	��-��- 
��� ��	� !�� �� �� �K����� ��$(� ��� ����- �R�Og� B��"U 4�- �� ���

,S D����\6 �� ��- H+-�0 �'� 
�� �	�0 !��0) I�� +���� �,� �K����� ��$(�4 ^	��� �- �E- 4	� ^	��� .(

D�.3�G� ) ���d��"*��2020( 
���d � �X:�- )1398 � () tOG� I	�N(1399.���� I,-�G� (  

  

�/��? j��0� ;1/: 

 �:�;< 4	� �� �- ���U��<�����:�( �� +( �R�Og� '�:
 � �	�VS� D����\6 '� 
�� �,� �K����� ��$(��hz�' 

 �����hi6�� �	�"(-19  V��+- D�"/ �	�"( ]��	� ������ .IS�� ���g ����- ��"� M�,�$���m -19  
� ���	� �"�( ��

4R)- ���  !��1398 �:�( � ���( B�G.6 �� Bm��� 
� ���$- �6 I��� �� �- �� �"�( 4�3"#$� 
IS�  � ���  ���S�

                                                      
1 ���)'�:  
�d���� 
�d��"� 
�d�(�2019 
2020(  

2 ���)'�: "��K	
+ �"S	
+  
]���2019
2020(  

3 ���)'�: q�K�
+  
�d���|� 
I�"��2019
2020(  

4 ���)'�: ���	
B  
4q�K 
+�2019
2020(  
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 +.��0+- �"k��  .��	�R� !�RU� �� '��R�- �:�(+-  �	4  6�6�c I	���F� !�RU� �-+��1��( I�3�.S 
��( ZG� �� �: �:

 4��`R: � IS�	 �:�(IS� ���� !�� �� �"1 ��V�� 4	��R( +- ��"RU .���� ��1� '�:����
��	 +( ���	Q� �": '�:

 IF6hi6��  
� ���� ���I1"� 
��� +��1��(��� � �: B	BR� B,�� I���� �k� +- 
���	Q� ��� �: '� +OR0 
� �

 �K����� ��$(� ������ T�	� ���	�"( -19  
����*R: � ����) ����- +�S�	 �:�(1399 +G-�� �� �:�;< 4	� ^	��� .(

'� 
�� +��:�� �	��,� �- !�� �� �K����� ��$(�2019 +R: 
� Bdg +(� �	��,� 4��`R: � ��"- ]��	� '��� �� �

 !��2020 '� ���	Q� +( �"- �� �����- �K����� ��$(�+- D�"/ 4������ ����- �� +��:�� �:+- D�"/  
��"- ��:�(

��R: +�"�  B*� �� +(6 ) ����*R: � ���� H�"6 +( ��:�;< �� .I�� ��:��� B-�g V��1399 
IS�� D�"/ (

 ��V�� ���*� � ����
 D����\6��":	V �: 
�' $(��� ���K��� 
$("�"��� 4-�(  ���":�� �	��26 
� ���N��� �- 
�
� �

B����� -5  �� �-�	
�� 4	� .IS�� ���g +$	�,� ��"� ���
 �5 ������S	4 ��� 1399 M: ���
  ]��	� ������ �-�	�"(-

19  �� +-��� ���� �	��,� �- ���	� �"�( '��-����S	4 ���  !��1398  �����:�;< 4	� ^	��� .�� T���� ��� ����

 IkOm ��V���' $(��� ���K���  � "0 �"�� B(�' $(��� ���K���  �- �R�,�$� _�d6�� +( �)|���� �� �"0"�

BR� B,�� I�3�.S � 4	����S �� �": I�N�( �"d)- +( �"- �� �����- }"Y"� 4	� .I�� +�S�	 �:�( ���� ���$�� '�:

1399  !�� �� +-��� ��� +- Id$�1398 I�� ���� {�
 ^	��� 4	�  ��(� ^	��� �-��,�	� +��:�� ' +-���� I��  ��

 �:�;< V�� �Y���� ���"ER:.I� +- �"5  
�� �	��,� !����' $(��� ���K��� ��� �� +- �d��"� � +�q�K 
]��� '�:

 c�6�68/17 
8/19  �3/21  !�� �� �/��2020  !�� �	��,� +- Id$�2019 �����:�;< ^	��� .I�� +���� �:�( 

���� �� ���	Q� 4	� �:�( �����- V�� ���� 9O�E� '�:�)� ��I�� ��"- ���6 I	���F� ' "� � w���)1 
2020 r

'�����-2  
����*R: �2020]��-"6 
3  
����*R: �20204��� r4 
2020����� r5  
����*R: �2020 � ��<"���� r

I��*	��6 
2020��� � ��$(�� r7 
2020������3�- r8 
2020 r����9 I3"3 r����*R: �10  
����*R: �2022D�d��� r11  �

 
����*R:2022.( ���� �- ���U �:�;< 4	� ��+�,� 
+��:�� '�:'� 
�� 4������ ' !�� �� �K����� ��$(�2019  �

2020  ]��	� 
� �.- � Bdg�	�"( -19 �� �k� +- +( �	��� +�)6 V�� 
�� '��(��� �	��,� �� ����S W��1� ���

�'�R� ��	� �K����� ��$(� B*�) �"�84������ 4�- D��N6 +$	�,� � ����- ����- '��- .( '� ���	Q� IkOm -

��� �� �K����� ��$(��"�
� 
� +.3�G� ��"� '�: T-test  +( '�	��,� �"�
� 4	� ]��� �- .�� ���N��� (+�$-�� �6)

05/0 p-value < ���� �����.� 
�����"-  
� �.- � Bdg �� +.3�G� ��"� ���	Q� IkOm �� ���\6 +3V�� +- 4	� +(

 ]��	��	�"( -19  +( '�	��,� � I�� ��"- (��	�VS� �	 ��:�()05/0 p-value >  D����\6 �- �	 ���\6 ���- ������

'� ���	Q� IkOm 4������ 4�- '�����.� W��1� ��� ���� �"�
� 4	� ^	��� .���"- ���R: M(� Bdg �� �K����� ��$(

)0001908/0) �.- � (0001880/0 ���� ��:��� ���	Q� 4	� '��- () I��05/0 p-value > 4������ W��1� ��� 
(

                                                      
1 Wang & Su 
2 Broomandi 
3 Tobias 
4 Ogen 
5 Sharma 
6 Dasgupta & Srikanth 
7 Saxena & Raj 
8 Baldasano 
9 Gama 
10 Levelt 
11 Ganbat 
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)00000275/0- !�� �� �: (���� ���:�  ����� �� ���	Q� 4	� ���F� ��"- ��:�(�	�"( -19  4	� .I�� ��"-

 �:�;< �- +�����	��1��� ����*R: � )1401 ��� ����� }"Y"� 4	� +- �:�;< 4	� �� .���� ���"ER: ( +( I��

I	���F� +- +0"6 �-�	�"( �- +O-�,� ���� W�5 
� +( �	�:-19  �1�- �� �:�( �"0� �- ��	��� !�RU� ���	� ��

I�3�.S�E- ���`R: 
�:I	���F� �5 �� ��� �R)� '�:���� +���� �"1 I�3�.S +- �	�� �:0 4	� 
� .��� I)

���	Q� IkOmI�� �: B-�g D����\6 b"1)0"6�  +0"6 +�*� 4	� +- �	�- 4��`R: .I�� ��"d� +�Q�� 4������ ��

I���� }"� +( I��� '��- �"�( �: �� +( �	�:!���( �	�"( ]��	� }"��-19  D��N�� 
IS�� ���g ���N��� ��"�

 !�� �� ��- IU�� �	��,� 4������ .�"- �:�"�( �	�� �-2019 
93/4  !�� �� � +���h �- ���2020 
22/5  ����- ��h�+ 

 ��"- +( I�� I�� �� 
� �(�� +O#$� 4	� ]��	� ������ �- ���U +(�	�"( -19  �,� V�� ��-����<�  �:�( ��

 !�� �� ���"3�2020 !��0) I�� +���� 3 !��0 �� .(5  �"�
� 4	� D��qV0��� +q��� .I��  

  
 C3�8: "� I�X ,�J/��� �	1/ V�. �� G>��-�/ '�*?�2019  �(�/��? j��0� C�D) � V�. ��2020 (�/��? j��0� I� '�L) .� :[d�������$	"  

  

 V�'F5:  G7�IU �Y2eT-test "� I�X �0��1� "��L V�. �� G>��-�/ '�*?�2019  V�. � (�/��? j��0� I� C�D)2020  j��0� I� '�L )

(�/��?  

��E-�  ��+��  ,�J/���  
 n���/�

���'/�-.�  

 n���/�

 I� ���'/�-.�

,�J/���  

,�J/��� n2-e�   ����U ��'1�

T  

  

P-value 

  

 

'� ��$(�

�K�����  

Bdg  0001908/0  00004562/0  00001317/0  
00000275/0 -  222/0 - 828/0  

�.-  0001880/0  00004841/0  00001398/0  

  

���-/  "��X  

	*�  
�M)� �6	4 Q�	��� �	�: +( ���"3� +- ���� �
����  '�:
	I$ F��G� ���"R: � ��� I��� �- ��$�� �: hi6�� 

�� 
���P� �'$(��� ���K���  
� ���N��� �
���� .I�����":�� ��� 
� ���� MOU'�  ���	�< �� �	�	I ��"3�� 

�:�)�  �,��hz�'  � +����+- ��"�U 	X  ��� O�� '��O( +����- � I	�	�� �� )� 'V	����g ���N��� ��"� '� ��

����*N6 D��g .�X  ���*� � ����
��26 ��"- ]���� �� 
c����	� ���	��
 �� ��"<�[ �
���� ����' M: ���
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��n	4  }"� 
��:
��' Q�	��� � �":� ���"6  �,��hz�' �� ��	�	I � ������	  �- t5������"3� � Q�- 4��`R: 

��- b�6' �:
�� �:�(' R��  .���- +���������- 
�:�;< 4	� T���� 
� W�: �P3 Q�	���' �'�$(�� ���K���  ��

��( �)� 
����  �-'�����*- ����'�: ���":�� '� ����B�-5 �"- �� .+.3�G� 4	� ��,� ���-�	� Q�	��� �'�$(�� 

���K���  !�� ��2019  �2020 ���� 
� ���N��� �-'�: ��� ���":���B�-5  ����� C�� B�"� +������4  .�� +d��F�

w���	�( b�� 
� a|� +- �"k�� +��"�< ���*� �	�R� ���	Q� '�' $(���  .�	��� ���N��� 
�K������- ]��� 

D�"/ D�d��F� 
+�S��������4 ��,�	� � +�Q��'$(��� ���K���  !�� ��2019  �2020  �- �-��- c�6�6 +-

000186/0 � 000181/0 �� +����.  4��`R: !�� �� �d���� ���2019 � �-�����4 000261/0  �- �d�(� ��� �

������4 000260/0  !�� ��2020 V0� ��"3��6	4 ���'�: �"- !���� .	���^ +,G��'��- ��"3��  ���� ���+( 

+,G�� 2 ��
��  !�� ��2019 � �-�����4 000190/0  +,G�� �	X  !�� �� ��2020 � �-�����4 000186/0 

+- ��"�U ��"3�	�64 t5��� � �)��
�� ���"-. 
4��`R:  +,G��10  +,G�� �7 � �-�����4 000151/0 !�� �� �: ��
 

V0� x�<	�64 � �)� t5����
�� ���S�� ���g . ���U��-	4
 � �- ��)- B2S�����4 000151/0  �q�< B2S�V � �-�����4 

000225/0  �V0 c�6�6 +-x�<�6	4 � ��"3�	�64 .�"- !�� B2S ���	^ - +( ��� ���� �Y�� �:�;<����	4 ����V 
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