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0�
�«ÄuÅ1²�¼�é6� NO2 R�ÎßÝ�õ¶�©áÂ1ÌEâ. ïÄ
|^�©áÂ1ÌE
â(ÜØÓ*ÿ�Ý�ÿþ1Ì�ü�©�ÎßÝ, ¿|^Ë�DÑ�. SCIATRAN O�é6� NO2 R�ÎßÝ
��{. ïÄ
ØÓ°opÝ!ØÓ/¡�ìÇ±9ØÓ��Uº��^�éUºÚU.ü�*ÿ�Ý��í�
þÏf�K�. ��
TXÚ3 2008 c 12 � 10 F3¾n�/«�¢�(J, (ÜUºÚU.ü����ü��

¾n�/«é6� NO2 R�ÎßÝ�©Ù&E. Ó��òÅ1ÿþ(J�SC3¾°½���/Äõ¶�©áÂ
1Ì¤�(J?1
é', �ö��=� 8%. ¢�(JL², Å1õ¶ DOAS Eâ�±¢yé�«�é6� NO2

ßÝ�¯�¼�.

'�c: õ¶�©áÂ1ÌEâ, Å1, é6�, R�ÎßÝ

PACS: 42.68.Ca

1. Ú ó

�©áÂ1Ì (DOAS) Eâg Platt �<u 20 
V 70 c�Ú\ÿþ�íèþíN±5, ®¤õ/A
^ué6�Ú²6�À/íN�*ÿ, ¤��¸iÿ
+����#�kåÃã [1,2]. DOAS EâU
|^
�«èþíN�A�áÂ�¡, 3b	 – ��Åãÿ
þ NO2, SO2, O3, BrO, HCHO, NH3, NO3, CS2 Ú��
g�õ«íN�ßÝ. �DÚ:ª¤ì�', DOAS E
âkÙÕA�`:, Äk, §U
¢yõ«íN�Ó
�ÿþ, ùéuïÄíNm��p�^ké�`³;
Ùg, DOAS Eâæ^1Æ��>ªÿþ, Ø¬UCí
NzÆ5�, Ó�� á
ÿþ�m, �U?1ëY
iÿ; d	, Äu��Ñ�1�1��Ä DOAS E
â�U
¼�À/ÔíN3é6�Ú²6�S�«
�©Ù, ù�ÿþíN�«�CzÚÑx�Jø
é
��B.

���Ä DOAS ��«A^, Å1õ¶�©á
Â1ÌEâ (AMAXDOAS) ±��Ñ�1�1, |
^ Lambert-Beer ½ÆU
¼��� NO2 �ßÝ©Ù,
(ÜØÓ�l¶�Ý�U��é6� NO2 �R�Î

ßÝ&E9+�&E. �/Äõ¶ DOAS ���',
ÄuÅ1²��õ¶ DOAS ��Ø=U
�9�!
×�/¼���«��À/©ÙA�, �U
¢y
3�Ó*ÿ�ªeé¥(êâ���. Å1 DOAS
ÿþ�@�u°���Æ, 1994 c Petritoli �<¦^
��Uº*ÿ�"�º5&ÿ²6�èþíN [3].
1999 c McElroy �<ÿþY²*ÿ��5J��1
pÝNC+�&E [4]. 2003 c�
½þÿþ<�ü
� Melamed �<(Ü¦^
U.*ÿÚUº*ÿ [5].
Å1õ¶ DOAS �k�1u DLR-Falcon Ø=U^
ué6� NO2 �ÿþ [6], �¢y
 SCIAMACHY
� NO2 �(J�y [7], �lÿþ(J¥J���

 NO2 �R�+� [8]. AMAXDOAS �A^3éë
�¥ SO2 �ßÝ9Ïþÿþþ [9].

TEâ3I	®²'�¤Ù, ¿A^u�¸�a
iÿ+�, �3·Iÿá�x. �d, �©ïÄ
Ä
uÅ1²��õ¶ DOAS Eâ�üé6� NO2 ��
{. (ÜUº!U.ü���¢y
é6�Ú²6
�èþíN�©l, |^ DOAS �{¿(ÜË�DÑ
�. SCIATRAN[10] ��
é6� NO2 �R�Îß

∗ I[g,�ÆÄ7 (1OÒ: 40805015, 40905010) ÚI[pEâïÄuÐOy (863) ]Ï�8 (1OÒ: 2006AA06A303) ]Ï��K.
†E-mail: phxie@aiofm.ac.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

024204-1

DOI：CNKI:11-1958/O4.20111115.1120.120    网络出版时间：2011-11-15 11:20
网络出版地址：http://www.cnki.net/kcms/detail/11.1958.O4.20111115.1120.120.html



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 2 (2012) 024204

Ý (vertical column density, VCD), ¿|^TEâé¾
n�/«é6� NO2 ßÝ?1
ÿþ.

2. � n

� � � Ä DOAS E â � � « A ^, Å 1 õ
¶ DOAS Eâ´±��Ñ�1�1, |^íN©
fé��Ñ�1�A�áÂéíN?1½5!½þ
ÿþ��«1Ì&ÿEâ. \�1²LíNáÂ��
1rÚ�©1r�½þ'X�d Lambert-Beer ½Æ
�Ñ:

ln
[

I(λ)
I0(λ)

]
= −σ(λ)

L∫
0

c(l)dl (1)

Ù¥, I(λ) �²LíNáÂ�1ÌrÝ, I0(λ) �1�
�©rÝ (½¡ë�1ÌrÝ), σ(λ) ´íN3Å� λ

?�áÂ�¡, l ´\�1BL�í�´»�Ý, c(l)
´íNßÝ.

du�í¥�3õ«íN�áÂ!a|Ñ�Úí
M��Ñ�, XJ½Â i íN�ÎßÝ Si =

∫
ci(l)dl,

K�§ (1) ���

ln
I(λ, σ)
I0(λ)

= −
∑

i

σi(λ, T )
∫

ci(l)dl + P (λ), (2)

σi(λ, T ) L«íN i 3§Ý� T �3Å� λ ?�áÂ
�¡, P (λ) �a|Ñ�Ú�Ñ�Úå��1rÝ. d
ua|Ñ�Ú�Ñ�Úå�1rP~�Å��” úC
z”, Ïd, òÿþ��1Ì?1pÏêiÈÅ, =�Ø
�1Ì¥�” úCz”, 2²L$ÏÈÅ, �~�pª

D(�K�, �ª���©1ÆþÝ τ(λ) �

τ(λ) = ln
I(λ)
I0(λ)

= −
∑

i

σi(λ, T )
∫

ci(l)dl, (3)

��òIO[Üë�1Ì (¢�¿°(ÿ½�íN�
IO1Ì) �?n�����©áÂ1Ì?1���
¦[Ü, �Ó�¼�õ«íN��ÎßÝ Si. du Si

�íNßÝ÷1§�È©, ¤±����ÎßÝ, §
ØU���NÀ/íN3�í¥�©Ù&E, �dI
�òÙ=z�À/íN3�í¥©Ù�R�ÎßÝ.

Å1õ¶ DOAS EâÏLÿþUº��ÚA�
l¶����íáÂ1Ì5¼��í¥À/íN�
R�ÎßÝ«�©Ù9�m©Ù, ã 1 ¤«�Å1
õ¶ DOAS ��n«¿ã. ¢�¥À�
Uº!U
.Ú��l¶��n�*ÿ�Ý. 3O�¥, ½ÂU
.*ÿ����Ý� 0◦, Uº���Ý� 180◦, l¶
*ÿ�Ý� α(¢�¥À�
Y²�e 10◦). du3
ÿþ¥ÀJ�ë�1Ì� “�éZÀ” «��ÿþ1
Ì, ÏdÏLO�����ÎßÝØ=�)é6�ß
Ý&E, �¹k²6�Ü©, ���é6� NO2 R�
ÎßÝ(J, ÄkI��Ä�´�Ø²6�Ü©�Z
6. é�½ ��/Äõ¶ DOAS ó, �±�Ä|
^3Ó��ÿþÌ�¥Uº���ÿþ1Ì��ë
�1Ì5�Ø²6�Ü©�K�, ��=�Né6�
&E��©�ÎßÝ ∆SCD, ,�2|^Ë�DÑ�
. SCIATRAN O�é6��í�þÏf ∆AMF , �
\úª

V CD =
∆SCD

∆AMF
(4)

ã 1 Å1õ¶ DOAS �n«¿ã, (a) �ÿþ�n«¿ã; (b) �3¢�¥À���ÝU.�� (0◦), Y²�e 10◦ ÚUº�
� (180◦)
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O���é6�À/íN�R�ÎßÝ VCD. é
uÄu£Ä²��Å1õ¶ DOAS ó, *ÿ²��
£Ä¦���Uº�Ú� �3Øä�Cz, Ó�¤
*ÿ�íì�3Øäu)Cz, |^��"�º×£
ØÓ�Ý��{��ü$
�mÚ�m©EÇ, Ïd
3¢�¥¦^
 3 @¤ì©O*ÿØÓ��Ý, 3
O�¥ÀJ
3����Uº�eUº���,�”
ZÀ” /«�ü�6KÚ¤ë�1Ì, du�Å3 3
km ±þ, ¤±é6�Ü© NO2 �±�Ñ, ²6�Ü
©��mCz'�ú, O�¥æ^����5[Ü�
�{��²6�Ü© (dSCD) 5?�, ?�Ø²6
�Ü©, 2|^úª

VCD =
SCDtrop

AMFtrop
=

DSCDα − dSCDstrat

AMFtrop
(5)

O���é6�R�ÎßÝ.

3. ¢�XÚ

Å1õ¶ DOAS XÚ(�«¿ãXã 2 ¤«,
§´dn��Ó�1Ì¤!"�º!1n9���
�O�Å�|¤. ��Ñ�1©Odn�"�º�
Â, ²1n?\1Ì¤. 1Ì¤�1Ì��� 290–
420 nm, ©EÇ� 0.56 nm, XÚ¥À^
n���=
Uº��!U.��ÚY²�e 10◦ 5&ÿÑ��
�1, |^ØÓ*ÿ���ÿþ(J, �±¢yé6
��²6�èþíN�©l.

ã 2 Å1õ¶ DOAS XÚ(�«¿ã

4. (¯ÝïÄ

3ÿþ¥, �Å�1pÝ!��Uº�!/¡�
ìÇ�Ï�Ñ¬é&ÿì��Â1�Ñ�L§Úr
Ý�)K�, �ïÄÅ1õ¶ DOAS ÿþ�í¥ NO2

�(¯Ý, |^Ë�DÑ�. SCIATRAN ïÄ
±þ
Ï�é�í�þÏf�K�. �.¥À^
�� “Ý
f�.” � NO2 +�, b½3 0–1 km ßÝþ!·Ü
� 10 ppb, 1–2 km ßÝþ!·Ü� 5ppb, À^�íM
�+�3 0-1 km �1Xê� 0.8 km−1, 1–2 km �5
P~� 0, Xã 3 ¤«.

ã 3 �.¥À^� NO2 +�ÚíM��1+�

4.1. �1pÝé�í�þÏf�K�

é6�¥� NO2 Ì�5g/¡<a¹Äü� [7],
Ïd§Ì� uC/¡ 2 km ±e, ��Å�1pÝ
�Cz, &ÿìéé6� NO2 �&ÿ(¯Ý�¬C
z, �dïÄ
�í�þÏf��Å�1pÝ�Cz.
O�¥b½/¡�ìÇ� 0.05, ��Uº�� 55◦. d
u�Åå��×���
 3 km �pÝ, Ïd�ïÄ

 0.5–10 km pÝ��S�Cz�¹. ã 4 �O��
UºÚU.ü�����í�þÏf(J.

ã 4 UºÚU.���é6��í�þÏf(J

lã 4 O�(J�±wÑ, du NO2 Ì� uC
/¡, 3U.��, é6� AMF ���1pÝ�,p
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Åì~�, 3ål/¡ 2 km ±e, AMF ���~�
1pÝ 3 km � AMF �O3 18%-32%�m. 3�1
L§¥, �Å�1pÝCz��3 2.8–3.2 km ±S, O
���� AMF ��Cz��3 3%±S. �pÝ�O
\, AMF �ÅìC�, ù�`²éC/¡ NO2 �&ÿ
(¯Ý~�
. 3Uº��, duO�¥Ñ\�+
�� 2 km S� “Ýf.”, ¤±3�1pÝ�u 2 km
� AMF ���, ��1pÝ,pÅì~�, ��1
pÝ�L 2 km � AMF �Ä��±ØC.

4.2. ��Uº�éé6��í�þÏf�
K�

du1f�þu)Ñ��pÝ���Uº�k
é�'X, Ïd��Uº�é AMF �O�ké�K
�. 3�.¥©OO�
��Uº�3 10◦ � 80◦ �
mé AMF O��K�, O�(JXã 5(a) ¤«. 3�
�Uº��u 65◦ �, AMF (J���Uº��O�
ÅìO�, Cz��l 1.575 � 1.7727, ���U
º��u 65◦ �Km©ü$. du¢��m´l 11
: 03 ©� 15 : 58 ©, ��Uº�Cz��3 45◦

� 60◦ �m (ÒKÜ©), AMF ��CzØ�L 1.7%.

ã 5 AMF ���Uº�Ú/¡�ìÇ�Cz

4.3. /L�ìÇéé6��í�þÏf�
K�

3$é6�, /L�ìÇéË��õgÑ�Ú/
¡��ké�K�, �X/L�ìÇ�,p, /¡�
��1fêOõ, l¦�õgÑ�Or, Ïd/L
�ìÇ3 AMF �O�¥åX�~���^. �ï
Ä/L�ìÇé AMF O��K�, O�
/L�ì
Ç3 0.01 � 1 ��S� AMF �, Xã 5(b). lã¥
�±wÑ, �X/L�ìÇ�,p, AMF ��3Åì
O�. du�1¥²L�/LA�Ì��¢½Ú°�,

Ïd3O�¥Ì��Ä 2 «/LG¹, =è1 (0.05)
ÚY¡ (0.1) 3 AMF ¥O���O. lO�(J��,
Y¡þ�O�� AMF �'è1þ�p� 11%, `²
ØÓ�/L�ìÇ3 AMF O�¥K���, Ïd3
¢SO�¥�éØÓ�/L©OØÓ�/L�ìÇ
�\O�.

5. (J�©Û

5.1. NO2 �ÎßÝO�

|^ DOAS �{©Û
 2008 c 12 � 10 F3¾
n�/«?1��gÅ1¢�êâ. O�¥À^�[
ÜÅã� 360–387 nm, ë�[Ü�íN�) NO[11]

2 ,
O[12]

3 , O[13]
4 , Ó�ë�[Ü��k��Ø “ing �A”[14]

|^ë�1ÌO���� Ring 1Ì. 3?1[Ü
�c, ¤k�íNáÂ�¡Ñ�¤ì¼ê?1
òÈ,
À�
3��Uº�����Å²LZÀ/«�©
O¦^U.ÚY²�e 10◦ ���1Ì¤ÿþ�Uº
���1Ì��ë�1Ì, [Ü(JXã 6 ¤«, O�
��� NO2 ��ÎßÝ�� 9.61 × 1016 molec./cm2,
�{D(þ����� 2.57 × 10−3.

ã 6 12 � 10 F 12:08 ÿþ��^1Ì� DOAS [Ü�(J

|^ WinDOAS ^� [15] O�
¢�¥UºÚU
. 2 ���� NO2 �ÎßÝ(J, Xã 7(a) ¤«. l
O�(J�±wÑ, 3¢�¥�*ÿ�
 4 gp�«
�, ©O�ã¥� I, II, III, Ú V Ü©, 3 IV «��
%*ÿ�
�ã$�«�. dué6� NO2 Ì�5g
<a¹Äü��/¡ü�, ÏdUº���ÿþ(
J�éU.�����õ, =3À/NCßÝÑk
,p. duO�¥À��ë�1Ì���Uº���
��é “ZÀ/«” ��^Uº���ÿþÌ, �X�
Å�1«��Cz, ��Uº�Ú� ��3u)C
z, l��3 NO2 ��ü(J¥�3Ü©²6��
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�z. ���é6� NO2 ��ÎßÝ&E, ÒI�r
²6�Ü©�Ø. du²6�Ü© NO2 ßÝ���U
º�Cz�ú, é6�Ü©KÌ�5g/¡<�ü
��Ï�, Ïd�ØÓ�/«Cz'��, ���ü
��� NO2 ÎßÝ(J���úCzÜ©\þ��
¯CzÜ©. d	, �Åü�´���é6�þÜÚ
²6�eÜ NO2 �<�ü�, Ùé�í�K��6
u§��3�mÚpÝ. du�¢�¥�Å�1pÝ
� 3 km, ÊÏ¬Ê�Å�pÝ��Ñ3 6 km ±þ,
æ^Uº���ÿþ1Ì��ë�ÌÄ��±�Ø
ÙK�; Ó�du¦^�´UºÚU.ü�*ÿ��
?1O�, ��Å�Üü�é¢��K�é�, 3O
�¥vk�Ä. ��Å�L�eÀ�ÜÚO¢þ��,
*ÿ�
$�«�, du DOAS O�¥À�
T«�
Uº���ÿþ1Ì�ë�Ì, �3T«�b½O�
����ÎßÝ¥vk²6�Ü©, ¿3O�¥b½
3ùü�«��ÅþÜ�é6� NO2 �Ñ, éùü�
«�������5[Ü, B��
²6�úCzÜ
©���, Xã 7(b) ¤«.

ã 7 NO2 �ÎßÝO�(J (a) �UºÚU.��
��ÎßÝ(J; (b) �|^����5[Ü�{é²
6�Ü©?1�?�, y=a+bx, a=-6.31×1015molec./cm2,
b=1.68×1014.

5.2. NO2 R�ÎßÝ�O�

����N�/¢SßÝ&E©Ù�é6�R
�ÎßÝ(J, |^Ë�DÑ�. SCIATRAN, (Ü
�1� GPS &E, O�
3�1;,þéA�U
.!Uº��� AMF �. íM�´K��íË�
DÑ����Ï�, ë����í�êâ�, í
6Ì�5guSº/«, Ïd3�.¥�\�íM
��ª�º/.íM�, Ù3 380 nm ?�1Æþ
Ý� 0.5(lsjanet,2008,http://aeronet.gsfc.nasa.gov). Ñ\
��í�ª�{IIO�í, /¡�ìÇ� 0.05[16]

Ú 0.1[17], ©O�Lº/Ú°�ü«/LA�. O4 ´

�í¥ O2 ��àN, duÙzÆ5�'�½, �
3�í¥�ßÝ©Ù´ØC�. ���3¬O\1
3�í¥�õgÑ�, O\1§, l¦�¢�ÿ
�� O4SCD �C�. ·�|^Å1ÿþ� O4 ��
ÎßÝ�Cz5�N�þ���, ã 7(a) ¥�Ñ

3 347–375 nm Åã�ü�U.����ÎßÝ(J.
l O4SCD (J�±wÑ, 3�1L§¥Ù SCD �
CzØ�, ²þ�� 1.558×1043 molec.2/cm5, `²3
���1L§¥�þé�, Ïd3O�¥vk�Ä�
�K�.

ã 8 ÷�1;,þ�é6� NO2 R�ÎßÝ©Ùã,
(f�Ú���Ú©O�LßÝd$�p�Cz)

ã 9 |^��;,�.O�� 2008 c 12 � 10 F�í
6��;,, (lþ�e�n^�©O�L 500 m, 1000 m
Ú 1500 m n�pÝ�í6;,)

ã 8 ¤«�O���� NO2 R�ÎßÝ÷�1
;,�©Ùã, ¿(Ü GPS êâ, ò÷�1;,�ß
Ý©ÙãU\�/ãþ, l�Ú�çÚ©OL«�
´ßÝd$�p�Cz. lã¥�±²wwÑ 4 �
p�«�, ©O u¾°ÜHÜ!¾°��e�m
�°¡þ�!�eÜ�Ü±9m�/«þ�. du
m�/«Ú¾°ÜHÜ/«�3u>�, 5g>�
�ü�´*ÿ� NO2 p��Ì��Ï. éu3¾
°��e�°¡þ�*ÿ��p�, du�/vkÀ
/, íä�U5g«�Ñx. |^í6��;,�
. (http://www.arl.noaa.gov/) O�
 11 :� 13 :Ï
m 500 m, 1000 m, 100 m n�pÝí6���;,, X
ã 9 ¤«, lã¥(J�±wÑ, 3 1000 m ±eí6
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Ì�5gÀ���, 3T��éA��eÜHÜ/
«�3�õ�u>�, ��5g>�«��À/Ñx
´�)°¡þ� NO2 p��Ì��Ï.

5.3. Å1ÿþ(J�/Äõ¶ DOAS (J
�é'

��yÅ1ÿþ�O(5, òÅ1ÿþ(J�
��/Äõ¶ DOAS �(J?1
é'. /Äõ
¶ DOAS SC3¾°½ÜHÜ (�� 22◦10’20”, À
² 113◦17’45”), ål¾°½«� 30 km. 3�Å�1
L§¥, /Äõ¶ DOAS ¤ì�3ÓÚ$1. du�
Å�1u/Äõ¶ DOAS Õ:þ���m� 11 : 19
©� 11 : 27 ©, òTã�mS�ÿþ(J?1
é
'.

l é ' ( J � �, 3 d Ï m / Ä õ ¶ DOAS
ÿ þ � NO2 ² þ � ( J � 2.46×1016 molec./cm2,

Å 1 õ ¶ DOAS � ÿ þ ( J � ² þ �
� 2.68×1016 molec./cm2, �ö��� 8%, ?�Ú�
y
Å1õ¶ DOAS Eâ��15.

6. ( Ø

±��1�1�/Äõ¶ DOAS Eâ®3
IS	¤õ/$^3
�¸iÿþ, ��/Äõ
¶ DOAS Eâ�uÐ, Å1õ¶ DOAS Eâ�Ö
/
Ä��ÿþ�ª�ü�!�½�Øv, �±¢y3á
�mS�«�À/©Ù�ÿþ.

Ó�, Å1õ¶ DOAS Eâ3�aÿþ+��k
X2��A^cµ, X»ì!°�!Ü��«��À
/©Ùÿþ; 3®�º+�êâ��¹e, �U¢y
:!¡À/íNü�Ïþ�°()Û; ¥(êâ
�Å1é'���.
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Abstract

The airborne multi axis differential optical absorption spectroscopy (AMAXDOAS) is employed to retrieve tropospheric vertical

columns of NO2. The differential slant columns of NO2 are retrieved combined with the spectra in different viewing directions by the

DOAS method and the vertical columns are calculated with the radiative transfer model SCIATRAN. The dependences of AMF on

altitude, surface albedo, and solar zenith angle are studied. The measurement campaign in pearl region delta region on December 10

in 2008 is reported. The NO2 vertical column distribution is obtained in zenith and nadir directions. The results from airborne multi

axis DOAS are compared with those from a ground-based multi axis DOAS in Zhuhai, with a deviation of 0.08. The results show that

AMAXDOAS can be used to measure the tropospheric NO2 in a large area within a short time.
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