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|^ T Ý
�{, ±9Äu*Ñ��vànØ�2Âõâf�Ñ��{, ïÄ
õ«íM�âf3 1.6

Ú 2.0 µm Åã?, �¥/üâfÚìqâf�1Ñ�Ë�A5, ¿©Û
âfk��»!Eò��ê!âf/G!
�é�Ý�Ï�é�¥/âfÑ�A5�K�. ©ÛL², Ø
âfk��»Ú/G¬3ØÓ§ÝþÚåâfÑ�
A5Cz, �é�ÝéÙK��'��, ¥/âf��¥/âf3ØÓ�é�Ýe��Ñ��é�Éþ3 18%±þ;

�âfNÈ���, YM5íM����Ñ�rÝ��é�Ý�O\Or, �âfNÈ���, K��é�Ý
�O\~f; 3NÈ�Ó�^�e, NÈ���ìqâf�Øé¡Ïf'�¥/üâf²þ � 0.023, NÈ�
��ìqâf, %'�¥/üâfØé¡Ïf²þ � 0.055; üâf½�NÈ�ìqâf, ÙØÓÅã�mügÑ
��ìÇ�É��, ���� 0.226. Tó�éïÄíM�õgÑ�é CO2 ßÝ¥(�ü°ÝK�äk���Æ
¿Â.

'�c: �¥/âf, Ñ�A5, T Ý
, 2Âõâf�Ñ��{

PACS: 42.25.Fx, 42.68.–w, 92.60.Mt

1 Ú ó

�éu/¡iÿÕ:3�mºÝþ�Øv,

¥(�aEâduä�¼�«� CO2 ßÝ©Ù
�¹�`³¤��cïÄ9:�� [1,2]. ,,

3^u CO2 ßÝ�ü�áÅCù	Åã (� 1.6

Ú 2.0 µm) ?, �ííM�õgÑ�Úå1f´»
�UC (O\½~�1§) ´�ü�Ì�Ø�5
�� [3]. Ïd, O(�OíM�Ñ�, �±?�Ú
U? CO2 ßÝ�ü°Ý. ÏL�AkÛ�{�±
k�/�[íM�õgÑ�9��1f´», 
Ñ��¼ê!ügÑ��ìÇ�íM�Ñ�A5
ëê��T�{��Ñ\ëê, ò��K�í
M�Ñ��[(J�O(5 [4]. 38c� CO2 ß
Ý�üL§¥, ��¬éíM�âf?1{ü�
¥/b�, ½=éâ�.íM�âf?1�¥/b

� [5,6]. �3¢S�¹¥, �ííM�  Ø�´
¥/�, $�¬/¤õ«íM�âf�ÈàN (ì
qâf)[7,8]. ®k�þ¢�ÚnØïÄ(JL²,

¥/âf��Å����¥/âfm�Ñ�A5
�3é���É. Cc5, �X�¥/âfÑ�O
��{�ØäU?, ?n�¥/âfÑ�¯K�
æ^�Ì��{k T Ý
�{ [9,10]!lÑó4f
Cq{ (DDA)[11]!��k��©{ (PDTD)[12] ±
9O�ìqâfÑ�A5�2Âõâf�Ñ��
{ (GMM)[13] �. Ù¥, T Ý
�{´8cú@�O
��¥/âfÑ�A5��k���{, GMM �
{äk�±O�?¿º����ìqâfÑ�9
Âñ�Ý�¯�`³. 8c, �é CO2 Cù	�ü
Åã?, 'u�¥/íM�âf, AO´ìqâf
Ñ�A5�ïÄ�~�.

du3 CO2 �üL§¥, Ï~± 1.6 µm�Ì
��üÅã, 2.0 µm �9Ï�üÅã. �d, �©
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Ì��é 1.6 µm Åã, ¿9Ï± 2.0 µm Åã, ïÄ
áÅCù	Åã�¥/âfÑ�A5. Äk|^ T

Ý
�{�[
3 1.6 µm ±9 2.0 µm Å�?Ø
Ók�â»!/Gëêéuë.íM�!Ò!â
�.íM�!YM5íM�� 11 «íM��¥/
âf�Ñ�A5�K�, ,�A^*Ñ��và�
. (DLA)[14] �ý�[
õ«ü�íM�a.�ì
qâf, ¿|^ GMM ïÄ©Û
�AÅ�?ìq
âf�Ñ�A5. ù�?�ÚO(�[íM�õg
Ñ�!¼��O(���Ë�1f´»Jø
n
Ø�â, �´)ûíM�õgÑ�é CO2 p��A
�'�¯K, äk�©��¿Â.

2 �¥/âf1Ñ�nØ

2.1 T ÝÝÝ


nnnØØØ

�X�¥/âfÿþÚ£OEâ�ØäuÐ,

±9ÙÑ�O��{�ØäU?, ®kéõ¢�Ú
ïÄL², �¥/âf�1Ñ�A5�ÙéA��
�¥/âfkXØ��Ñ��É5. T Ý
nØÄ
kd Waterman[9] JÑ, ��q²L
 Mishchenko

� [10,15,16] �Øä�õ. T�{�`:3uÙ��
âf�/G!ºÝÏf!Eò��ê±9âf3
�IX¥�� k', �\�|Ã'.

du Maxwell �§Ú>.^���5A�, Ñ
�ÅXê pmn, qmn Ú\�ÅXê amn, bmn äk�
5�''X:

pmn =
nmax∑
n′=1

n′∑
m′=n′

[
T 11

mnm′n′am′n′ + T 12
mnm′n′bm′n′

]
,

(1)

qmn =
nmax∑
n′=1

n′∑
m′=n′

[
T 21

mnm′n′am′n′ + T 22
mnm′n′bm′n′

]
,

(2)

��Ý
/ª� p

q

 = T

 a

b

 =

 T 11 T 12

T 21 T 22

  a

b

 . (3)

úª (3) =� T Ý
�{�Ä��§. \�ÅX
ê amn, bmn �ÏLCq)Û/ª?1O�, � T

Ý
®��, Ñ�ÅXê pmn, qmn �dTª��,

?�±���¥/âf�8�zÑ��¼ê!
�1�¡!Ñ��¡!ügÑ��ìÇÚØé¡

Ïf�Ñ�ëê. �©¥¦^�Ñ��¼êþ�8
�zÑ��¼ê, =÷v

1
2

∫ π

0

P (θ)sinθdθ= 1, (4)

Ù¥, P (θ)�8�zÑ��¼ê, θ�Ñ��.

�©¤^� T Ý
�{§Sd Mishchenko J
ø (http: // www. nasa. giss. gov / ∼crmim), T�{
�^uO��ºÝëêÚ�Å����¥/âf
�Ñ�A5 [17,18], d	, du�{¥SikgÄÂ
ñÿÁ�¬äk�p�O��ÝÚO�°Ý [19].

2.2 GMM nnnØØØ

�©¥éäk¶é¡/G��¥/üâf|
^ T Ý
�{?1�[, éuäk��E,/
G�Èà�íM�âf�Ñ�A5, ÀJ|^©
z [13] �Ñ� GMM �{éd¥/�â|¤�ì
qâf?1�[ïÄ. GMM nØ´ Mie nØ�õ
âfÑ��*Ð, äkÂñ�Ý�¯�`³. T�
{Äkò�mS¤k¥/�â�>^|Ðm�,
��½¥%��X�¥�Å¼ê. éu1 j �¥/
�â, �±�âÙ¥¡?�>.^��§�� 4 �
�¹�p�^Xê��5�§ ((5) ª), ¿ÏL¦)
ù
�5�§, l��Ñ��p�^XêÚSÜ
|��p�^Xê:

aj
mn = aj

npj
mn, bj

mn = bj
nqj

mn,

cj
mn = cj

nqj
mn, dj

mn = dj
npj

mn, (5)

Ù¥, aj
mn, bj

mn, cj
mn, dj

mn ��p�^Xê, pj
mn,

qj
mn �*ÐXê, aj

n, bj
n, cj

n, dj
n �1 j �¥/�â

� Mie Ñ�Xê. ��p�^Xê(½�, ÏL¥
þ\{½n, òÙ¦âfÑ��1 j �¥/�â�
�Ñ�Å=z�±1 j �¥/�â�¥%�\�
Å, ?�±(½Ð©�IX¥ìqâf�oÑ�
|, U��8�zÑ��¼ê!�1�¡!Ñ�
�¡!Øé¡Ïf�Ñ�ëê.

3 ¢�(J�©Û

�©À�uë.íM�!â�.íM�!Ò
±9 8 «�é�Ý^�e�YM5íM�, � 11

«íM�âf?1?Ø. L 1 ÚL 2 ©O�Ñ
�
a.íM�3 1.6 Ú 2.0 µm Å�e�Eò��ê
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L, ¤kê�þ�d OPAC[20] Ú HITRAN2008[21]

ü�êâ¥¼�¿²L��O���(J.

L 1 1.6 µm ?ØÓâf�Kò��ê

¢Ü JÜ

uë 1.778 0.46800

â� 1.383 0.00800

Ò 1.317 0.00016

íM� (0%) 1.494 0.02050

íM� (50%) 1.411 0.01093

íM� (70%) 1.391 0.00853

íM� (80%) 1.376 0.00692

íM� (90%) 1.357 0.00476

íM� (95%) 1.344 0.00321

íM� (98%) 1.334 0.00196

íM� (99%) 1.329 0.00143

L 2 2.0 µm ?ØÓâf�Kò��ê

¢Ü JÜ

uë 1.800 0.49000

â� 1.260 0.00800

Ò 1.306 0.00110

íM� (0%) 1.420 0.00800

íM� (50%) 1.366 0.00476

íM� (70%) 1.353 0.00394

íM� (80%) 1.344 0.00339

íM� (90%) 1.332 0.00266

íM� (95%) 1.323 0.00214

íM� (98%) 1.316 0.00171

íM� (99%) 1.313 0.00153

ã 1 d 8 �¥/�â|¤�ìqâf«¿ã (NÈ���»
� 0.1 µm)

3O�¥, éu{ü�¶é¡�¥/íM�â
fÑ�, |^ T Ý
�{�[Ú©Û
ý¥N!

�ÎN9�'ÈÅâfn«¶é¡âf�Ñ�A
5ëê�âf/G!NÈ���»!íM�a.
Ú�é�Ý�Cz. éu/G��E,�íM�
âf, KÄkÄu DLA ©/�., �ý�ïd 8

�¥/�â|¤�ìqâf (ã 1 �NÈ���
»� 0.1 µm �ìqâf, Ù¦ºÝ�ìqâfU
'~ �), ,�|^ GMM �{O�¿?Ø
ì
qâf�Ñ�A5, 9Ù��ÓNÈeüý¥â
f��É. �©¥¦^�âf�»þ�NÈ��
�» r.

3.1 ���¥¥¥///âââfffÑÑÑ������¼¼¼êêê

ã 2 � | ^ T Ý 
 � [ � � � C ù
	Å ã 1.6 µm ? ý ¥ N (� á ¶ ' a/b =

1, 1/2, 1/3, 2, 3)!�ÎN (�»��Ý' D/L =

1, 1/2, 1/3, 2, 3) 9�'ÈÅâf (õ�ª�ê n =

2; C/ëê ε = −0.1, 0.1) n«âf/Geuë.
íM�!â�.íM�!ÒÚYM5íM� (�é
�Ý 0%) o«íM�âfÑ��¼ê©Ù (±NÈ
���»� 0.5 Ú 1.5 µm�~). 2.0 µm Åã?Ø
Óa.íM�âfÑ��¼ê©Ù�Ù3 1.6 µm

?Ä��Ó. dã 1 �±wÑ, ØÓa.íM�â
f3ØÓ/GÚâ»G�eÑ��UþÑÌ�8
¥3c�, ��É��, ��Ñ��¼ê©Ù�
ÉK��²w. ØÓâf�Ñ��¼ê�3 0◦—

35◦ S�Ñ���O�×�~�, 35◦—120◦ Ùe
ü�Çü$, ¿3 120◦ ��þkØÓ§Ý�O\
ª³. Ó�, �Xâf�»�O\, Ñ��¼ê��
\ì, Ñ�c�¸���âÑ.

ÃØ´ 1.6 µm �´ 2.0 µm Å�?, uë.í
M�duÙEò��êJÜ��, ¦�ØÓ/Gâ
f�Ñ��¼ê�Nªu��, =�»� 1.5 µm �
âf3 30◦—50◦ Ñ����S�3�½��É. é
uâ�!ÒÚ�é�Ý� 0%�YM5âf, 3n
«âf/G¥, �'ÈÅâf�¥/âf (a/b = 1)

�Ñ��¼êA��Ó, =¦´��Ñ��ö�
�É�Ø¬é�. NÈ���»� 0.5 µm �, ¥
/âf¬'ý¥NÚ�ÎNé��Ñ���)$
�, Ù¥, 3 1.6 µm Åã$�Ü©�p���¥/
âfÑ�rÝ� 13 ��m (D/L = 1/3 �Ò�Î
Nâf, Ñ��� 137◦), =¦3 2.0 µm Åã��
��¥/âfÑ�rÝ� 2.2 ��m (D/L = 1/3
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�uë�ÎNâf, Ñ��� 180◦); 3 1.5 µm

?, K¬'ý¥NÚ�ÎNÑyp��y�, Ù
¥, 3 1.6 µm Åã�p�p��¥/âfÑ�r
Ý� 91.2% (D/L = 1/3 ��é�Ý� 0%�YM

5�ÎNâf, Ñ��� 151◦), 3 2.0 µm Åã�
p��¥/âfÑ�rÝ� 74.9% (D/L = 1/3

��é�Ý� 0%�YM5�ÎNâf, Ñ��
� 143◦).

ã 2 1.6 µm Å�?ØÓ«aíM�âf�Ñ��¼ê���â»!âf/GÚÑ��Cz (a) uë, r = 0.5 µm; (b) â�,

r = 0.5 µm; (c)Ò, r = 0.5 µm; (d) YM5âf, r = 0.5 µm; (e) uë, r = 1.5 µm; (f) â�, r = 1.5 µm; (g)Ò, r = 1.5 µm;

(h) YM5âf, r = 1.5 µm
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ã 3 1.6 µm Å�?ØÓ�é�Ý^�e, YM5ý¥Nâf�Ñ��¼ê�Ñ��Cz (a) a/b = 1, r = 0.5 µm;

(b) a/b = 1/2, r = 0.5 µm; (c) a/b = 1/3, r = 0.5 µm; (d) a/b = 1, r = 1.5 µm; (e) a/b = 1/2, r = 1.5 µm; (f) a/b = 1/3, r =

1.5 µm

YM5íM�´É�í¥�é�ÝCzK�
'����aíM�, íM��á�O�Ø=¬U
Câf�», Ó���U¬UCâf¤©, ÏdØ
Ó�é�Ý^�eYM5íM��Eò��ê�
¢ÜÚJÜþk¤ØÓ (XL 1 ÚL 2 ¤«). ã 3

¥w«
Å�� 1.6 µm �, �é�Ýéý¥NY

M5íM�Ñ��¼ê©Ù�K�. �YM5�
ý¥Nâf�', ¥Nâf�Ñ��¼ê (ã 3 (a)

Ú (d)) äk�r����. �ý¥âf�NÈ�
��»� 0.5 µm � (ã 3 (b) Ú (c)), YM5íM�
���Ñ�rÝ (Ñ�� > 120◦) ��é�Ý�O
\Or, � a/b = 1/3 �âf' a/b = 1/2 �â
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f3ØÓ�é�Ýe��Ñ��É��²w, �ö
�é�Ý� 0%� 99%�YM5âfÑ�rÝz©
'����©O� 62.3%Ú 64.6%; 3NÈ���
»� 1.5 µm �, ��Ñ�rÝK��é�Ý�O
\k²w�ü$, 3 60◦—120◦ ��S, a/b = 1/3

�âf' a/b = 1/2 �âf3ØÓ�é�ÝeÑ
��¼ê��É5��, 3 120◦—180◦ «�S,

a/b = 1/3 �âf%' a/b = 1/2 �âf�É5�
�, �ö�é�Ý� 0%� 99%�YM5âfÑ�
rÝz©'����©O� 309%Ú 251%. �uÅ
�� 2.0 µm ��é�Ýéý¥NYM5íM�Ñ
��¼ê©Ù�K�5Æ�Å�� 1.6 µm �Ä�
��, �©¥òØ��[©Û.

L 3 �Ñ
Å�� 1.6 Ú 2.0 µm ?, �é�Ý
� 0%Ú 99%ü«��4à^�e, 3n�Ñ��

«mSý¥âf (a/b = 1/2) �¥/âf (a/b = 1)

Ñ�rÝ�é�É ((ý¥âfÑ�rÝ – ¥/â
fÑ�rÝ)/¥/âfÑ�rÝ ×100%) �þ�.

�±wÑ, ¥/âf��¥/âf3��Ñ�Ü
© (120◦—180◦) ��é�É�´����, ��
�� 233.49%, ���ýé�þ3 18%±þ. d
d��, 3éYM5íM��¢SA^¥, �Ä
�¥/âf±9¢S�í��é�ÝÑ´�©7
��.

du�í¥�íM�âfm¬du-E/
¤/G(�E,�ìq, Ïd, �©Äu DLA ©
/�., �ï
��d 8 �¥N�â|¤�ìq
âf, ¿|^ GMM �{O�
ìqâf�Ñ�
A5ëê. 1.6 Ú 2.0 µm Å�? 11 «íM�ìq
âf�Ñ��¼êO�(J3ã 4 Úã 5 ¥©O?

L 3 ý¥âf (a/b = 1/2) �¥/âf (a/b = 1) Ñ�rÝ�é�É (%)

�»/Å� r = 0.5 µm/λ = 1.6 µm r = 0.5 µm/λ = 2.0 µm r = 1.5 µm/λ = 1.6 µm r = 1.5 µm/λ = 2.0 µm

�é�Ý 0% 99% 0% 99% 0% 99% 0% 99%

0◦—60◦ 2.74 –1.62 –0.59 0.74 6.90 –1.12 2.18 7.69

60◦—120◦ 0.54 35.51 0.55 –1.78 10.89 36.57 41.54 20.00

120◦—180◦ –18.68 233.49 36.68 19.92 –48.99 –19.76 –33.70 –23.58

ã 4 1.6 µm Å�?ìqâf (N = 8) Ñ��¼ê�Ñ���Cz (a) r = 0.1 µm; (b) r = 0.5 µm; (c) r = 1.0 µm; (d) r =

1.5 µm; (e) r = 2.0 µm
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1
Ð«. ��¥/�üâf�Ó, ØÓíM�
a.�ìqâf, ÙÑ��¼ê�É�Ì�8¥
3��Ñ�Ü©. Ù¥, dã 4 Úã 5 þ�wÑ
u ë . ì q â f � Ñ � r Ý © Ù � Ù ¦ A «
a.�âf�É��²w, �éuNÈ���â
f (r = 1.5 Ú 2.0 µm) ó, 3Ñ���u 150◦

�«�Ñ�rÝk×�~f�ª³, ùÌ��u
ë�ráÂ5k'. 60◦—180◦ ��S, �é�Ý
� 0%� Y M 5 ì q â f ² w p u Ù ¦ � é �
Ýe�YM5ìqâf, �NÈ���»� 1.0

Ú 2.0 µm �, �é�ÝéÑ��¼ê�CzÚå

�K���. (Üã 2 Úã 3 �±wÑ, 3NÈ
�Ó�^�e, ØÓíM�a.ìqâf�Ñ
��¼êm�É�üâf�'k¤~f, �Ñ�
�¼ê©Ù�´k¤ØÓ�. Ù¥, ±uë.â
f��É5��, uë.ìqâf'�¥/üâ
f�Ñ��¼ê����ì�, �é�»�u
1 µm �ìqâf, Ù��Ñ��3²w�eüª
³, ù«ª³3üâf�O�(J¥¿���
Ny. Ó�, ØÓ�é�Ýéìqâf�Ñ��
¼ê©Ù�É�K���ué�¥/üâf�
K�.

ã 5 2.0 µm Å�?ìqâf (N = 8) Ñ��¼ê�Ñ���Cz (a) r = 0.1 µm; (b) r = 0.5 µm; (c) r = 1.0 µm; (d) r =

1.5 µm; (e) r = 2.0 µm

3.2 ���¥¥¥///âââfff���üüügggÑÑÑ������ìììÇÇÇÚÚÚééé¡¡¡
ÏÏÏfff

ã 6 Úã 7 ©Ow«
üý¥âf (a/b = 2)

Úìqâf (N = 8) �Øé¡Ïf9ügÑ��
ìÇ�âfNÈ���»O\Cz��¹. ü
ý¥âfÚìqâf�Øé¡Ïf��»�Cz
5Æ3 1.6 µm (ã 6) Ú 2.0 µm Å�?Ä���,

��É��, üý¥âf½ìqâf�Øé¡Ï
f3ü�Åã?��ýé��þ�=� 0.037 �
m. 3 1.6 µm Å�?, �âf�NÈ���»��

� (0.01, 0.05, 0.1 µm), ìqâf�Øé¡Ïf�u
NÈ�Ó�ü�ý¥âf (²þ � 0.023), =ìq
âfc�Ú��Ñ���É5��; ��âf�»
��� (0.5, 1, 1.5, 2 µm), ìqâf�Øé¡Ïf
%�uNÈ�Ó�ü�ý¥âf (²þ � 0.055),

=ìqâf�c�Ú��Ñ���É5�é��.

ù««O´d|¤ìqâf�z�üN�\�|
�üÜ©�ÚÚå�: �´�©\�|, �´ì
qâf¥Ù¦�CüN�Ñ�ÅÝ��TüNþ
/¤�\�|. Ïd, 3âfNÈ���, ìqâ
fduÙ/G(��E,5, ¦�Ù�¥/Ñ�A
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��ruü�¶é¡âf; 3âfNÈ���,

ìqâfK¬du��üNm��p�^��ü
NÑ�A5�Ü©-�, l¦�Ùc�Ú��Ñ
��Ék¤~�.

éuügÑ��ìÇó, Ó�Å�?Ó�

a.�íM�âf, ÃØ´Ùüâf�´�N
È�ìqâfA�´���, �Oé�. �3Ø
ÓÅ�?, üâf½�NÈ�ìqâfÙügÑ
��ìÇ�É'�wÍ, cÙ±â�âf��É
5��, Ù 1.6 � 2.0 µm üÅãmügÑ��ì

ã 6 1.6 µm ?�¥/âfØé¡Ïf��»�Cz (a) üý¥âf (a/b = 2); (b) ìqâf (N = 8)

ã 7 �¥/âfügÑ��ìÇ��»�Cz (a) üý¥âf (a/b = 2, λ = 1.6 µm); (b) ìqâf (N = 8, λ = 1.6 µm);

(c) üý¥âf (a/b = 2, λ = 2.0 µm); (d) ìqâf (N = 8, λ = 2.0 µm)
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Ç������ 0.226. dã 7 �±wÑ, éuÓ
�Åã, �k3NÈ���»�u 1 µm �, ØÓ
�é�Ý^�eYM5üý¥NâfÚYM5ì
qâf�ügÑ��ìÇ¬ÑkØÓ, ��Ýéü
ý¥âfügÑ��ìÇ�K��Ñru�A�
ìqâf. d	, Òâf�ügÑ��ìÇ©ª$
uÙ¦a.âf, â�âfK©ªpuÙ¦a.
�âf.

��5¿�´, éu�»�u 1 µm ��¥/
âf, ÃØ´�¥/üâf½´ìqâf, �í�
é�Ýé�NÈ�¥/âf�ügÑ��ìÇ�
K�Ñ��wÍ, Ù¥±é��NÈ�»� 0.1 µm

�âfK���, d�, �é�Ý� 0%�âf��
é�Ý� 99%�âfmügÑ��ìÇ��É�
�� 0.4. 3���¹e, duYð3 1.6 µm Å�?
�áÂA��±�ÑØO, ÏdTÅã3íN�ü
�  �ÑYðé�1�K�. �lã 7 (a) Ú (b)

�(J�±wÑ, 3kYM5íM��3��¹e,

Yð�ßÝ¬K��í��é�Ý, ?éíM�
�ügÑ��ìÇ�)���K�, ù�ª¬��
é���í�1�^K�. Ïd, 3�ÏïÄíM
�õgÑ�é CO2 ßÝ�OK���ÿ, �íYð
�K�A\±À.

d	, du CO2 ßÝ�ü9ÏÏ� 2.0 µm Å
ã uYð��ÚáÂÏ�, Ù&ÒÌ�5guí
M���Ñ� (Ã���^�). ÏLc¡�©Û,

�±wÑØÓa.íM�!âf/G!âf��
�m, Ü©�¹eÙ��Ñ�rÝ©Ù9ügÑ�
�ìÇ�É�´��²w�. Ïd, ÏL?�Úï
Äù
�ÉéTÏ�?&Òrf�K�, �|u�
Ð/|^ 2.0 µm Åã&EJp�ü°Ý.

4 ( Ø

3áÅCù	Åã, íM�Ñ�´K� CO2 ß
Ý�ü°Ý���Ï��, Ïd, éíM�, AO
´�¥/íM�âfÑ�A5�ïÄäk�©
��¿Â. �©ÏL3 1.6 � 2.0 µm Å�?, éu
ë.íM�!â�.íM�!ÒÚ 8 «�é�Ý
^�e�YM5íM���¥/Ñ�A5ëê (�

)Ñ��¼ê!ügÑ��ìÇÚØé¡Ïf) �
�[, ¿(Üâf/G!���»�é¢�(J?
1
�\©ÛïÄ.

ïÄL², ¥/âf��NÈ��¥/üâf
9ìqâf3Ñ�A5�¡�3²w�É, ��É
Ì�8¥3��Ñ�Ü©, �NÈ�¥/âfÑ�
rÝ�é¥/âf3��Ñ��p�Ü©�p�
�¥/âf� 13 �, $�Ü©�p��� 91.2%,

Ïd, ¢SA^¥I·��ÄíM�âf��¥/
A5, ØU{üb��¥/âf. �é�Ýé�»
���YM5âf�Ñ��¼ê©ÙK���, �
�YM5�ý¥Nâf�', ¥Nâf�Ñ��¼
êk�r����; �ý¥âf�NÈ���, Y
M5íM����Ñ�rÝ��é�Ý�O\
Or, ,�NÈ���, YM5íM����Ñ
�rÝ%��é�Ý�O\~f; ØÓ�é�
Ýe, ¥/âf��¥/âf��Ñ�Ü©��é
�Éþ3 18%±þ. ��¥/üâf�', ØÓí
M�a.ìqâf�Ñ��¼êm�Ék¤~f.

Òü�a.íM�ó, uë.ìqâf��¥/
üâf�Ñ��¼ê�É5��, d	, �é�Ý
éìqâf�Ñ��¼ê©Ù�É�K���é
�ué�¥/üâf�K�. 3NÈ�Ó�cJ
e, NÈ���ìqâf, Ùc�Ú��Ñ�rÝ
��É�'ü�ý¥âf � (Øé¡Ïf²þ 
� 0.023); NÈ���ìqâf, Ùc�Ú��
Ñ�rÝ��É�'ü�ý¥âf � (Øé¡Ï
f²þ � 0.055); Ó�Å�?, Ó�íM�a.
�üâfÚ�NÈ�ìqâfÙügÑ��ìÇ
A���, �üâf½�NÈ�ìqâf, Ùüg
Ñ��ìÇ3ØÓÅ�m�ÉK��wÍ, ���
� 0.226. 3 1.6 µm Åã?, �,�í¥�Yð�
éu CO2 é>^Å�áÂféõ, �Ù¬ÏLK�
�í¥�é�Ý, lm�éYM5âfügÑ�
�ìÇ�)��wÍ�K�, ù¦�3�ÏïÄí
M�õgÑ�é CO2 ßÝ�OK���ÿ, Iò�
íYðéâfÑ�A5�K�\±�Ä.

a� NASA � Michael Mishchenko �ÇJø� T Ý


§S, ±9 Florida �Æ� Yulin Xu �ÇJø� GMM§S.

204202-9



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 20 (2012) 204202

[1] Crevoisier C, Chédin A, Matsueda H, Machida T, Armante1 R,

Scott N A 2009 Atmos. Chem. Phys. 9 4797
[2] Buchwitz M, Beek R, Burrows J P, Bovensmann H, Warneke T,

Notholt J, Meirink J F, Goede A P H, Bergamaschi P, Körner S,

Heimann M, Schulz A 2005 Atmos. Chem. Phys. 5 941
[3] Aben I, Hasekamp O, Hartmann W 2007 J. Quant. Spectrosc. Ra-

diat. Transfer. 104 450
[4] Mayer B 2009 Eur. Phys. J. Conf. 1 75
[5] Boesch H, Baker D, Connor B, Crisp D 2011 Remote Sens. 3 270
[6] Natraj V, Boesch H, Spurr R J D, Yung Y L 2008 J. Geophys. Res.

113 D11212
[7] Xie Q Y, Zhang Y M, Yuan H Y, Zhao J H, Qiao L F, Jiang Y L

2006 J. Univ. Sci. Technol. China 36 320 (in Chinese) [�é,

Ü[², �÷[, ëïu, z|¹, öæ9 2006 ¥I�ÆEâ�
ÆÆ� 36 320]
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Abstract

Based on the T-matrix method and the generalized multiparticle Mie-solution (GMM) method combined with diffusion-limited

aggregation simulator, the scattering properties of non-spherical particles and aggregates are simulated at 1.6 µm and 2.0 µm. And

the effects of the equal-volume sphere radius, the complex refractive index, the particle shape and the relative humidity (RH) on the

scattering characteristics parameters of non-spherical aerosol are analyzed. The results show that besides the equal-volume sphere

radius and the particle shape, the RH could also lead to a large change of the scattering properties. And the relative differences in

back scattering between spherical particles and non-spherical particles in different relative humidities are all larger than 18%. If the

RH increases, the back scattering will increase for small-size particles, while the back scattering of large-size ones will decrease. The

asymmetry factors of the smaller aggregates are 0.023 averagely greater than those of the single equal-volume non-spherical particles,

which the asymmetry factors of the bigger aggregates are 0.055 averagely less than those of the single equal-volume non-spherical

particles. The differences in single scattering albedo between the two wavelengths 1.6 µm and 2.0 µm are all much larger for either

aggregates or single equal-volume particles, and the biggest difference reaches 0.226. This research has scientific significance for

studying the aerosol multiple scattering influencing on the accuracy of CO2 satellite retrieval.

Keywords: non-spherical particles, scattering properties, T-matrix method, generalized multi-sphere Mie-solution
method
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