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�ííM�âf��/íXÚ�­�|¤¤
©��, 3b	!���ù	é°�ÅãSéË�
DÑ�)K�, ��¡ÏLé>^Å�Ñ�ÚáÂ
�^, ��1Å�UþP~; ,��¡KráÂ�
Uþ=z�Ù���9U, å�\9�í��^,

ÏdïÄíM��Ë�±9íM���a�üä
k­��¿Â [1].

g,.¥�íM��âõ«õ�, �3�
�
¹e¬p�ë,·Ü, 'XXY·Ü�, ·kÀ/
Ô��!Ò�YvÔíM�� [2]. ù
·Ü�âX
�Ñ�A5ØÓuü��âX, ·Ü�â�a.!
'~Ñ¬éÙÑ�A5�)K�. �©ïÄ
Y�
¥·Üç(íM��ÙõgÑ�A5�Cz, éõ
ïÄö|^V�¥�.?1
�[ [3]. Liu �< [4]

|^�«(Ü�AkÛÚ��Jl��{ [5,6] ï
Ä
ü�Y�%¥·k�Å©Ù�ç(�â��
Ñ�A5, ¿�|^ Mie nØO��	·Ü�.?
1
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	·Ü�.?1�[�(Ø. Mishchenko �< [7]

|^ T Ý
�{ïÄ
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Ñ��1f��Ú1fê(½��¼êÚß�¼
ê. �AkÛ�{´ÚO�{, I�é�þ�1f
?1�lâU��°((J, �©�O�´é 106

�1f?1�l. ��, |^O�(J©Û
ç(
íM��º�ëê, ·Ü'~�é�âXõgÑ�
�K�.

2 ügÑ�

��é�1�ügÑ�A5�ûu���ü
gÑ���¼ê P (θ) ÚügÑ��ìÇ ω0, Ù
¥ θ �Ñ��. ügÑ��ìÇ���¥âf�²
þÑ��¡Ú�1�¡�'�. 3·��O�L§
¥, b�ç(íM�Ú�%þ�¥/, �þÑl³
ê©Ù, =

n(r) = const × r(1−3b)/b exp
(
−r

ab

)
. (1)

Hansen �< [11] �ïÄuyäk�Ó�k��»
�ØÓº�©Ù�lÑ�Å©Ù�âXäk�C
�Ñ�A5, k��»Ú��½Â�

ref =

∫ ∞

0

rπr2n(r)dr∫ ∞

0

πr2n(r)dr

, (2)

vef =

∫ ∞

0

(r − ref)2πr2n(r)dr

r2
ef

∫ ∞

0

πr2n(r)dr

. (3)

éu³ê©Ù, a = ref , b = vef .

©¥b�\�Å�� 0.6328 µm, Y��k�
�»� 6 µm, k���� 1/9, éAuÈ��k�
�»; ç(íM��k��»©O� 0.1, 0.5, 1.0,

3.0 µm, k���� 0.2; Y��ò�Ç� 1.33, ç
(�ò�Ç� 1.75 + 0.44i[4]. ã 1 �Ñ
Y�Úç
(íM���¼ê, lã¥�±wÑ, üö��¼
ê�å��, �Xç(íM�º��O�, Ùc�
Ñ�Or§�´�'uY�, ��Ñ�ã��²�,

vk “çô” Ú “�1�” y� [12].

L 1 �Ñ
Y�Úç(íM��Øé¡Ïf
ÚügÑ��ìÇ. lL¥�±wÑ, ç(íM�
�ügÑ��ìÇ��uY��, 
��Xº��
O\, ügÑ��ìÇ��XO�; ç(�Øé¡
Ïf3 0.1µm ���, ��u 0.5 µm �, ÙØé¡
ÏfÚY���å �, ��Xº��O�
O�.

ã 1 �Úç(íM���¼ê

L 1 Y�Úç(íM� (BC) �Øé¡ÏfÚügÑ��ìÇ

Y� BC BC BC BC

k��» /µ m 6 0.1 0.5 1.0 3.0

g 0.851 0.423125 0.816324 0.87353 0.90

ω0 1 0.35209 0.48 0.508033 0.55

3 õgÑ�

·�|^�AkÛ�{, ÏL�l1fÑ��
�Ú �5�[��Ñ�L§ [13]: Ï��âX¥
kü«�â, Ïd1fzg�Åir¬�=«�â
-EI��â·Ü'~?1Ä���.

3.1 ---EEEâââfffaaa...ÄÄÄ���

�1f?\�âX�, ¬�Å��ü«�â
?1-E, ·�� 0 � 1 �mþ!©Ù��Å
ê ξ0, � 0 < ξ0 < ε �, L«�ç(íM�-E,

� ε < ξ0 < 1 �, L«��%-E, Ù¥ ε �ç(
íM�ÚY���âßÝ'. �(½
-Eâf�
a.�, �I�(½�´1fzg-E��irÚ
�, =gd§Úzg-E��Ñ���.

3.2 gggddd§§§ÄÄÄ���

1f�ÅirÚ�=gd§L«�´1f3
üg-E�m¤£Ä�ål, §d'� – Ù� – J
Ë½Æ(½, =z�VÇ�.�

τ = σscaL = − ln ξ1, (4)
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Ù¥ τ �1ÆþÝ, L �1fir�Ú�, ξ1 � 0

� 1 �m�þ!©Ù��Åê, σsca �²þÑ�X
ê, ½Â�

σsca = N

∫ r2

r1

σsca(r)n(r)dr, (5)

Ù¥ σsca(r) �â»� r �âf�Ñ��¡, n(r)
�8�z�â»©Ù¼ê, �©·��þ!©Ù,

N �âf�ê�Ý. �(½
-E�âa.�, σsca

�Ò��(½.

3.3 111fff���âââfff---EEE������ÑÑÑ���������ÄÄÄ���

�(½
-Eâfa.�, Ò�±Uìã 2 ¥
O���� Mie �¼ê?1Ñ����Ä� [14],

Äkò Mie �¼ê?18�z, =
n∑

i=1

Pi = 1. (6)

� n ��v
�, ¿ò Pi ��®��VÇ©Ù.

dO�Å�)��þ!©Ùu 0 � 1 �m�
�Åê ξ2, ÏL�8�z� Pi '�, deª(½
Ñ n:

n−1∑
i=1

Pi < ξ2 6
n∑

i=1

Pi, (7)

Ù¥ n L«1 n � θi. ù�B�d�Åê5�[Ñ
»�Ñ�� ν.

dub�âfSÜ�¥/âf, ÏdÙÑ�
� �3 0—2 π Sþ!©Ù, Ïd� ��Ä�
���

ψ = 2πξ3. (8)

�é1f?1�l, �I�Äkïá�IX.

�1fd1 m �âfÑ��1 m + 1 �âf�,

âf� �¥Ú1f$Ä���ü ¥©OL«
� rm,, ŝm Ú rm+1, ŝm+1, Xã 2 ¤«. À��:
�½31 m �âf¤3 ���IX� x1, y1, z1.

- z1 ���Ú ŝm ��, y1 3�¹ z1 �R�u�
�IX¥ xy ²¡���²¡ p S, x1 K� p ²¡
R�, ŝm+1 ´ü ¥, §3 xyz XÚ x1y1z1 X¥
�©þ½=Ù��{u©O^ u,v,w Ú u1,v1,w1

L«. 3ã 3 ¥®r xyz ��:²£�1 m �
Ñ�âf¤3� �, dd, ùü|��{u�m
�'X�±ÏLò x1y1z1 Xüg^=C�� xyz

X
¦Ñ. �3 xyz X¥ rm Ú rm+1 ��IX©

O� (x′, y′, z′) Ú (x, y, z), KügÑ�m��I
'X�

x = x′ + UL, y = y′ + V L, z = z′ + WL. (9)

3��IXS��{u (U, V,W ) ÷v

U =U1 sinφ′ + V1 cos θ′ + W1 cos φ′ sin θ′,

V = − U1 cos φ′ + V1 sinφ′ cos θ′

+ W1 sinφ′ sin θ′,

W = − V1 sin θ′ + W1 cos θ′. (10)

ù p L ´ l rm � rm+1 � å l, d (4) ª O
�. ŝm+1 3 x1y1z1 X¥�n���{u��ª
� U1 = sin ν cos ψ, V1 = sin ν sinψ Ú W1 = cos ν,

Xã 3 ¤«. Ù¥� ν, ψ ^ (7) ªÚ (8) ªO�. ­
EA^ (7) ª� (10) ª, ÒUé1f� �ÚÑ�
���l.

ã 2 âf ��1fÑ����'X

ã 3 3âf�IX���IX�'X

±þõgÑ�L§ò��­Ee�, ��1f
\��lâf��þ>.½öe>.Ñ�, ½ö�

154204-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 154204

�ÙUþ�u�½�K��, �©¤�K��\�
Uþ� 10−5 � [5].

Äkb�1�R�\��1ÆþÝ τ = 8 �
²¡²1�â�, ïÄlþ>.��Ñ�1r. Ï
LP¹1f�Ñ��Ý, �ÑÙ��Ñ�¼ê, �
�¡���¼ê [12], ½Â�

R(τ ;µ, µ0, φ − φ0) =
Ir(µ, µ0, φ)

µ0F
, (11)

Ù¥ µ0F �n� Lambertian ��Né1���r
Ý, πF �R�u\���þü ¡È�\�1�
ËìÝ. ,	3¦���¼ê�, �±��²¡�
ìÇ [12], =

Ap(µ0) =
1
π

∫ 1

0

dµµ

∫ 2π

0

dφR(µ, µ0, φ), (12)

²¡�ìÇ�N
\���â�þ¡ËìÝÚÑ
��ËìÝ�'�.

ã 4 Y�Úç(íM�·Ü�âX���¼ê�*ÿ��Cz

ã 4 �Ñ
1R�\�, =\�� µ0 = 0◦ �,

��¼ê�*ÿ� µ �Cz­�, dub�âf
���Ó5, Ïd�1R�\����¼ê��
 � φ Ã'. lã¥�±wÑ, �Xç(íM��
ßÝCz, ��¼ê�Czé�, �ç(�ßÝO
��, ÙáÂO�, Ïd��rÝ~�, ��âX�
��ç(íM������, ���Y�����
r. ,	ØÓº��ç(íM�, ÙÑ�A5�k

�É, ù�ØÓº�íM��ügÑ��¼ê��
Ék'.

ã 5 � Ñ 
 ç ( í M � � k � � » © O
� 0.1 µm Ú 1.0 µm �, ²¡�ìÇ�\��{
u�Cz­�, lã¥�±wÑ, �Xç(íM�
ßÝ�O�, áÂ²wOr, ���Ë�Ý�Xç
('~�O�
~�. ,	, ç(�º��é��
rÝk�½K�, cÙ3ç(ßÝ����¹e.

154204-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 15 (2012) 154204

ã 5 Y�Úç(íM�·Ü�âX�²¡�ìÇ

4 ( Ø

�©ïÄ
ü«ØÓa.�â·Ü��õg
Ñ�A5, ¿�Ñ
|^�AkÛ�[�{?1�
[�äNÚ½, �Ñ
�â-Ea.�Ä��{!
gd§Ä��{±9é Mie �¼ê?1Ñ���
Ä���{, T�{·^ulÑ�Å0��õgÑ
�¯K, �vk�Ä�ZÑ�, ��Ä
�5Ñ�,

ÏdØ·^�ß�©Ù�Å0��Ñ�ïÄ. |^

©¥�Ñ��{ïÄ
Y�¥·kç(íM��
ÙÑ�A5�Cz, ¿�XY��Ñ�A5?1

'�, lO�(J�±wÑ, Y�¥·kç(íM
�¬\rÙáÂA5, ùÌ�´Ï�ç(íM��
��áÂA5, ,	ç(íM��º���éÑ�
A5�kK�. Ïd3O��í�Ë�A5±9|
^����1?1íM��*A5�ü�, I��
Ä�â·ÜE¤�K�.
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Abstract

If particles are mixed with other type of particles, the light scattering characteristics will be changed. In this paper, the light

scattering characteristics of water clouds mixed with black carbon are studied. Based on the Mie theory, the single scattering phase

function, the single scattering albedo and the asymmetric parameters of water clouds and black carbon aerosols are computed. The

Monte Carlo method for simulating the scattering of mixed particles is given, the methods of sampling particle types, sampling free path

length, and the sampling scattering directions based on the Mie phase function are given. The changes of the scattering characteristics

for water clouds mixed with black carbon aerosols are studied. Reflected light intensity varying with observation angle is calculated

with the light normal incidence, and the plane albedo is computed as a function of incidence angle. The influences of mixing ratio and

effective radius of black carbon on the scattering characteristic of mixture are discussed. The results show that the black carbon can

greatly increase the absorption of the clouds, and the ratio and the size of black aerosols can greatly affect the scattering characteristics

of the mixture.
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