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Test of Effect of Cloud Parameter on AIRS
Brightness Temperature Simulation
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Abstract: Because of the serious interference of cloud contamination with atmospheric infrared remote

sensing, a large number of infrared data are abnegated. To make full use of the infrared data in assimi-

lation to improve the initial field accuracy and numerical prediction effectiveness, a general Community

Radiative Transfer Model (CRTM) is used to simulate the brightness temperature of channels of the

Atmospheric Infrared Sounder (AIRS) and analyze the effect of cloud parameters (cloud type, cloud

moisture, cloud thickness and cloud top) on the brightness temperature of channels of AIRS. The results

show that 1) Infrared radiation can be truncated by clouds, so that only the atmosphere above cloud top

can affect the radiation; 2) The brightness temperature decreases gradually with the increase of water

content, but its decrease rate will slow down until it is constant. The particles with a larger effective

radius have stronger scattering for the radiation, so the corresponding brightness temperature will be lo-

�����2016–03–07

�����OPVWQXRSYT (41375106; 11271195; 41230421) �UZ[VWQXRSYT (BK20131065)

VW���XYZ (1991-) �[�UZU\]�^_`\a�bc`\]def^g_hij`a

∗ �bVW�E-mail: wangyf@mail.iap.ac.cn

Infrared (monthly)/Vol.37, No.4, Apr 2016 http://journal.sitp.ac.cn/hw



k 37 l�k 4 m � � 19

wer; 3) For a constant cloud top height, the variation of cloud thickness will not affect the brightness

temperature. For a constant cloud bottom height, the thicker the cloud is, the lower the brightness

temperature will be; 4) Since the brightness temperature of ground channels are more sensitive to the

variation of cloud top height, the brightness temperature of the channels above cloud top will not be

changed.
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 CRTM ���&+1*$ÆG�JH9

/� 2!�//�EF3
I 1#J� CRTM

���!��E�4

?!�-�Æ440.

�11�K0.:E?! layer EL�ÆÆ��

F
 level E� layer EL)E?!�-
�;G

�	Æ'�(�-2*�FÆCH<!�MI

?!
CRTM �����?!EF�FEL�

0.ÆÆG	!�>E��FÆ�HI1 0.005

hPa 


1.2 g=h>

I 2 #J�=@252)�"%/1!�

0.
I 2(a)$�4�0.)'Æ2KE (10 km

��) 4�G�'F���"�JHÆ�4��

 	C�)<!��H�2K?N�=>�I

��0 [16−17] 
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1.3 AIRS iBCD

AIRS(�
"% EOS&'$�NÆP Aqua

��LÆ�$���� λ/Δλ� 1200 [18] Æ
 3.74

∼ 15.4 µm (650 ∼ 2700 cm−1) �$��	
��

K0A� 2378 ?#�&.
AIRS Q 2.667 s L

6QR'2Æ� 49.5◦ �QRS��	��)�

L 1650 km !H�O� (P�'CQR.) 
Q

CQR.� 90 ?��56Æ�$Q?56KQ

! 2378 ?$�)L [7] 
����������

13.5 km Æ#!���� 1 km Æ8<��"��

���"$������	
AIRS N'2
E

0GML3��2!��MN���"$��

��!�#��� [19] 
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D 3 AIRS @NOSTTGPU@QHRS

j 1 klmnopoqrstuv

RVS VURS (hPa) TWW (kg/m2) TUVX (µm)

WR 840.016 ∼ 891.679 0.5 15

VR 565.285 ∼ 606.847 0.05 200

WR 840.016 ∼ 891.679 0.5 100

WR 279.537 ∼ 307.014 0.05 100

XR 565.285 ∼ 606.847 0.05 2300

IR 840.016 ∼ 891.679 0.05 150

I 3 � AIRS � 2378 ?XJU��:Æ"

�I
V-!�#!��31Æ>?XJU��

:Æ"�4,A&.���'���#F�"

�Æ� 	�)=>E
AIRS �&. 1 ∼ 274 �

&. 1865 ∼ 2144 �WYZ�!�E><���

#�"�Æ'�����!�4��#!�$�

&. 275 ∼ 936 �&. 2145 ∼ 2378 ���"�

Y
��Æ'������),-�&. 937 ∼
1262�	��KEÆ����!�$�%��&

. 1263 ∼ 1864 �	�2KEÆ����!�$

��-�$


2 uvwx
2.1 y�zK AIRS LM6NO{P

CRTM ��$�:��:Y�X�Y�Q�

Z& 6A:O.�X23

� CRTM��:Z

&.74�ÆYE?!O.�)K;
C���

�	��,#%����[Æ&��[\:�

:;3� Æ�	(�)K;FM��� [20] 


Petch J C [21]  (Y]��)K;)� 30 µm 


&18[@Z [20] 9�-3ZPNÆ=@(:

��Y�X��:Y�Z�QO.��)K;�

�0F� 15 µm�200 µm�100 µm�100 µm�2300

µm � 150 µm (?) 1) 
C��'AA�:#F

"��!���'Æ[^
��$2:#F"

��!��//�\]0F (?) 1) 
<FÆ!

��	,:;[�!��Æ��	,&�:;

3 GM��!�� (4;\K[��$�_;

O.�!�) 


I 4(a)#J�
>AA:>?�� AIRS>

&.74
C�:>%"[ 280 hPaÆ100 hPa �

L�&. (1 ∼ 200�1100\
�1950 ∼ 2100)�7

45=�A:�>?
!,�J�Æ�:L
�

�>&.74!H�&. 400 ∼ 1000�&. 1130

∼ 1250 �&. 2200 ∼ 2378 �74!,�74�

`\
 20 ∼ 50 K &�
#	C��a��^8

_��	N'Æ#�=>��]]:EÆ#�#
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D 4 ^^RbRVSV]`@NSTcP�(a) VTST�(b) ST 400 ∼ 1000 �(c) ST 1130 ∼ 1250 �
(d) ST 2200 ∼ 2378

�7�86#�� �=>d�S:>���
L!��^Z
:>"��"Æ2=>__^Z

�!�T�_ÆJ*��#D1 �!�#�
=>H �`Æ���H7�74� �H
N

ÆÆCI 4(a) �?Æ&. 400 ∼ 1000�&. 1130

∼ 1250 � 2200 ∼ 2378 )���&.�Æ-�)
<��"�F�!�`
�#�=>D1(X

^Z
8<Æ!�:L
�J�Æ�74Æ� 
'�!"


2�#F"�J'��:�X:�Q:
(840.016 ∼ 891.679 hPa) �aÆJ*���&.
74&�`L
Z�
I 4(b) ∼ I 4(d) #J�

��I 4(a) $���&. 400 ∼ 1000 �1130 ∼
1250 � 2200 ∼ 2378 A�:�X:�Q:>?�
�74
�$ÆA�:�X:O.�>?Æ&.
400 ∼ 1000�74�WJ&Æ�AQ:>?��
74ÆH 0.5 K �&. 1130 ∼ 1250 �74A�

:>?�%HÆ�AX:>?�H 0.5 K �LÆ

�AQ:>?�H 1.2 K �L�&. 2200 ∼ 2378

�74A�:>?�%HÆ�AX:>?�H

1.5 K Æ�AQ:>?�H 2.5 K 
#(��	

C:E!����'ba�
cb�2#�=

>'��11�'
Q:�cb�!�d� 0.05

kg/m2 Æ#L�`:�!���%�11#�=

>Æ#�"�=>�]>2��D1�#�=

>__�^Z
��:�X:�!��	Q:

� 10 aÆb@#�=>c%�11Æ8<J*

�74� `H


I 4(a) $#F"�J' (565.285 ∼ 606.847

hPa) �Y:�Z:
dZ&.�74\d��

!'eÆ%!Æ[ � 5 K �L
#	C�V

-O.;3	2#0F�O.�)K;J\!

!ÆZ:O.��)K;	Y:� 10 a�L�
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D 5 ^^RTWWV]`@NSTcPfcecP@fe�(a) VTST�(b) ST 400 ∼ 1000 �(c) S
T 2200 ∼ 2378 f

ga
�)K;�!ÆO.2#�=>�H>�
�Æ6L�?�=>HJ2!HÆ2*�74Æ
� `H


2.2 yUVWXK AIRS LM6NO{P
��:�9Æ(:E"�0A� 814.877 ∼

944.933 hPa
I 5(a)#J�3�:E!���#
2*�>&.74!5�,�!���7�7
4�`\
83[�!��C 0.01 kg/m2 < 0.1

kg/m2 JhÆ<�"�\�:E�����&.
�74`\h!ÆG�h�'e�.


���b��g#'��ÆI 5(b)�I 5(c)

;g7�&. 400 ∼ 1000 �&. 2200 ∼ 2378 �
74!,�74�`\�:E!�����P
N
I 5(b) $Æh:E!��- 0.01 kg/m2 h<

0.02 kg/m2 �Æ&. 400 ∼ 1000 �74`\�h
�I1 1.5 K �h:E!��- 0.02 kg/m2 h<

0.03 kg/m2 �ÆJ*&.�74`\�h�
 0.5

K ��Æ�J74`\�h��!���O"

�HH�h:E!��I1 0.05 kg/m2 &JÆ7

4`\5=�i�!���O"�h!
I 5(c)

$Æh:E!��- 0.01 kg/m2 h< 0.02 kg/m2

�Æ&. 2200 ∼ 2378�74`\�h�I1 2.5

K �h:E!��- 0.02 kg/m2 h< 0.03 kg/m2

�ÆJ*&.�74`\�h�
 1 K ��Æ�

J74`\�h��!���O"�HH�h

:E!��I1 0.07 kg/m2 &JÆ74`\5=

�i�!���O"�h!
#	8�h:�

!�!`�Æcb�2#�=>�11)��

��
!>=>$Æ�Jh"��#�=>�]

>Jc���� 
��:�!��O"Æcb

��11)�h�Æ!>=>c11�"�h

�Æ2*�74� G.`
h:�!�[ '

FÆ��BÆ!>=>c%�11Æ]>�=>

�H>�'Æ<J:�!��hc�id�G

74.`
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D 6 ^^ReSV]`@NSTcP�(a) ijRkRS^l�(b) ijRmRS^lf

2.3 yUYZK AIRS LM6NO{P

��:�9Æ(!��0A� 0.5 kg/m2 Æ

9
 814.877 ∼ 944.933 hPa �#Q!� 6 ?�F

EL0A:8�,-Æ�<)JJ*�FE$

�:L

&13��FE����83:E

@�


83:M"� (944.933 hPa)��Æ6Lh@

:E
I 6(a) #J�<� AIRS >&.74��

�PN
C�D1�=>^Z'��S�:>

�L�!�Æ"�"�:E�&. (1 ∼ 400 �

1050 ∼ 1130� 1300 ∼ 2100)�745=��:@

���
h6Lh@:E�Æ:>cd"Æ:E

2#�=>�Æf)�GH���(X#�=

>H�!�Te_�\�:E�����&.

�74Æ� �&JHÆ�Æ:>QLO'?

�FEÆ74ÆHH 0.4 K [j


83:>"� (814.877 hPa)��Æ6�h@

:E
I 6(b) #J�<� AIRS >&.74��

�PN
"�F�:E�L�&.74Æ5=

��:E@������:E6�h@Æ&.

74��
#	8�
:$L
'F!�� (0.5

kg/m2)�PN�Æ��(:E5�gK�EF:

>"�&JÆ:>���=>���? LE

!�Æb@���D1=>__^Z�!�f

\	:>�L�h'h
8<Æ��:E�f6

�h@Æ&.74�G�_��


2.4 y]^ZK AIRS LM6NO{P

C�:_n�#�=>ÆG��=>��

]1Æ:Z#�:h�/=>�/>�=>i

>3ZL	
:>�_�Æ8<�(:>L)

�o�
=@0A�:>��\� 100 hPa�200

hPa �300 hPa �pp�900 hPa "�Æ:AA '
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D 7 Rmgk^^RSh@NSTcP�(a) VTST�(b) ST 1400 ∼ 1800

�X:
I 7(a)#J�>&.74���PN


&12`I 3 ����	(1) C�XJU�:Æ

"�\� 100 hPa �LÆD1 �=>'��S

�A:>?�"�Æ\� 100 hPa �L�&.7

4�A:>"����>?�(2) C�f\A 

:�>?Æ��&.�74�:>"����

�!'e�(3) I 7(b) #J�"�i���!"

�&� (400 ∼ 900 hPa) �&. (1400 ∼ 1800) 7

4���PN
�$Æh:>`� 400 hPa �Æ

"�\� 400 hPa \
�&. 1700 ∼ 1800 �7

4��jHÆ�Æ��&."���.Æ2J*

&.__>?�%`:>"��
�.
� 

	iÆ:�h:>\�&."��L�Æ:>"

����qG2&.74__>?
:>!&

.�#-"`jAkF�:>��2&.74

�>?*�


3 wwx
=@6� CRTM������':8� (:

AA�:E!���:@��:>"�) #2*

� AIRS >&.74Æ9�0�:8�2 AIRS

&.74��&+�>?
&1�-�
�	

�#�7�^3�Cj�H�l�^8Æ[^

H7���'��1	

(1) :E#F"���	:>"�2 AIRS

74���>?!!
C�:E2#�=>H

�Æf)�Æ:�F�:>�L�!�qH2

��D1�=>__>?


(2) 2��'AA�:Æ[�!���O.

�)K;�\d)Gb@74���0�'


h[�!��F
'F
���Æ74G�!

���hc�HHÆG	�H�GikÆ!<�
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�
�)K;!!�O.2=>H�H>)�

!�ÆJ*&.74!H


(3) h:E!���� (0.5 kg/m2) �Æ��

(:EL)gK
k:>"�EF��Æ:E�

@����G274__>?�/&Æk:M"

�EF��Æ:E�@ÆJ*�74�H


(4) h:>L
��'"��ÆA&.XJ

U�:Æ"�!:>�"`jA>?Æ��&

.742:>"�����!B��"�&.

74m�A:>"����>?�2�i��

aa&��&.Æ:�h:>\�&."��

L�Æ:>"����qG>? &.74
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