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1 Ú ó

O(¢��¼��¥��S�í§Ý!�Ý
9�«íN¤©�R�©Ù´JpUíý�°
Ý!mÐ�¥íÿ��¸Cz�ïÄ�­�Ä:.

duDÚ/¡~5&ÿ�{3p�!°�!H�
¥�/«J±¢�, Ïd|^¥(�a]�, l�
¥¼��¥©O��íëê¤��«�5�­�
�Ãã. �¥(¤ì¤�Â�]� (Ï~�Ë�Ç)

Ï~�²L�ü, âU���«�íëê�R�©
Ù. du�a�§½�íË�DÑ�§áu1�a
��5 Fredholm .È©�§ [1,2], ùa�§�wÍ
A�´Ø·½�. cÙda¯K)�Ø­½5, ¦
�Ï~�ê��{¦)��, Ó�K��ü�°Ý,

Ïd3¢SA^¥I�ïÄ���üØ­½5Ú
Jp�ü°Ý�k��{.

8c, IS	NõÆö®é)û�ü¥¤�3
�¯K?1
ïÄ [1,3], Q��3o(IS	�í
ù	�a9�üïÄ¤J�Ä:þ [1], JÑ
��
@)û�üØ­½¯K�nØ��{, ¿�Ñ3�
«�ü�{¥, I���Ý
 H3 5é�ü?1�

�, H �±´��k�Ø�Ý
�_Ý
. XJ¥
(*ÿþ9k�Ø�Ý
��pd©Ù, K���
�)ÒC¤;.���q,). XJ� H = γI(I

�ü Ý
), Kdd���)¡���&E), Ù
¥ γ �1wÏf [4]. d	, H ��±kÙ¦�/ª,

~XCþ����©Ý
 [5].

3þã�a�{¥, 8cA^��2��´�
�&E). 3��&E)¥, �Kzëê�À�é
�ü­½5Ú�¬�°ÝK��~�, Ó�du γ

�À��6uÏ��1ÌA�!*ÿØ�!�ü
¥�íÐ©G��°Ý�Ï�, ÙÀ��©(J.

3¢SA^¥, Ï~À�²�5� γ, ~X Susskind

� [6] 3 TOVS �ü¥� γ = 5 × 10−4, Smith[7] 3
IS TOVS ?n^��¥, � γ = 0.1, Hayden[8]

3 GOES-VAS �ü¥�æ^ γ = 0.1. �du¢S
�üL§¥�KzëêK�Ïf�Cz, �Kzë
ê���½�¿�´�`�. od� [9] ÄuU?
� ��K, JÑ
�«Ä��?1�KzëêÀ
J��{, ¿�òÙA^�{I/¥·��Ö�¸
¥( GOES-8 þ&ÿ]���ü¥. Adrian � [10]
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�üÁ�.

¯¤±�, �Kzëê�ÀJ´�ü¤õ�Ä
�'�. 8c�Kzëêkõ«ÀJ�K, �3¢
��ü¥�`ÀJ�KzëêÏ~¬��±eA
�¯K: 1) Ä�¦)O\
�üL§�O�þ; 2)

|^ ��K?1¦��(J, ��ÌÝ�~�.

l�ü�¬°Ýù, �Kzëê�ÀJA�±
�ü�¬°Ý�p��I. �©m�´3Ú\�O
(£ã�ü�¬°Ý��í��ü�ê�Ä:þ,

æ^�ü�¬��í��ü�ê����(½ë
ê γ ��{. �©Äké��&E)�ü�{9�
Kzëê�{�0�; ò�í��ü�êÚ\��
ünØ¥, �ÑäN�O��Y, Ó�±�í��
ü�ê��I, é�Kzëê?1�`ÀJ; ��
�éÊ|�L�¥ØÓ/«!ØÓG!^�e�
í+�?1�KzëêÀJÁ�.

2 ��&E)�ü�{9�Kzëê

Û/9å²ï^�e, ²¡²1�Ñ��í¥,

�ÑÑ��f��^�, ¥(¤ì¤�Â�Ë��
P�

L(ν, θ) = τs(ν, θ)εs(ν, θ)B(ν, Ts)

+
∫ 1

τs

B(υ, T )dτ + (1 − εs(υ, θ))τ2
s (υ, θ)

×
∫ 1

τs

B(υ, T )
τ2

dτ, (1)

Ù¥ L(υ, θ) L«Å�� υ �Ï�, *ÿ� �� θ

�¤�Â��Ë�; mà1��Ú1n�©O�/
L?�u�Ë�Ú��Ë�, 1����í�u�
Ë�; ª¥ B(υ, T ) L«§Ý� T �éA� Planck

¼ê, τs(υ, θ) Ú τ ©OL«/LÚ,��í��í
�º��íßLÇ, εs(υ, θ) �L¡'Ë�Ç, T �
,��í�²þ§Ý, Ts �L¡Ë�§Ý.

� θ �½�, P*ÿ� y(=Ë�Ç½�§)

� m �¥þ (m �Ï��ê), �í+� x ¥þ (�
)§Ý!�Ý�ëê) � n �¥þ, K y � x �m
�'X�L«�

y = F (x) + ε, (2)

Ù¥ F �*ÿ�f, §dË�DÑ�n±9¤ì
Ï��1Ì�AA5�û½. Ø�� ε �*ÿD

(½*ÿØ�, éA�Ø�����Ý
P� Sε.

K�*ÿØ�÷v Gaussian ©Ù�, k^�VÇ©
Ù P (y|x) �

−2 ln P (yx̂) = (y − F (x))TS−1
ε

×(y − F (x)) + c1, (3)

Ù¥ c1 �~ê; Sε �*ÿØ����Ý
; P (y|x)

� y 'u x �^�VÇ�Ý¼ê, §L«�íëê
� x �, *ÿ� y ��3«� (y,y+ dy) S�VÇ
� P (y|x)dy. � F ���5�, ò (2) ª�5zk

y = F (x) + ε ∼= Kx + ε, (4)

Ù¥ K = ∂F /∂x ��¼êÝ
. ò K = ∂F /∂x

�\ (3) ªk

−2 ln P (y|x) = (y−Kx)TS−1
ε (y−Kx)+c1. (5)

e�í+��µ|½k��Ø�� Gaussian

©Ù, éA�Ø����Ý
� Sa, K�µ|��
� xa �, �í+���� x �VÇ÷v

−2 ln P (x) = (x − xa)TS−1
a (x − xa) + c2, (6)

Ù¥ c2 �~ê.

d4�q,�Oúª

P (x|y) =
P (y|x)P (x)

P (y)
. (7)

(7) ª��ý P (x|y) ��½*ÿ y ��íëê x

���VÇ�Ý¼ê. ù��u|^*ÿ5?��
íëê�k�VÇ�Ý¼ê. éu P (y), nØþ�
±ÏLé P (y|x)P (x) 'u x È©
¼�, 
3¢
S¥, duÙ=å�5z��^
��ÑK, u´
��

P (x|y) ∼= P (y|x)P (x). (8)

ò (5) ªÚ (6) ª�\ (8) ª���£ã*ÿ
��íëêpd©Ù�VÇ�Ý¼ê�

−2 ln P (x|y) = (y − Kx)TS−1
ε (y − Kx)

+(x − xa)TS−1
a (x − xa)

+c3, (9)

Ù¥ c3 �~ê. (9) ª�±z� x ��g.ª

−2 ln P (x|y) = (x − x̂)TŜ−1(x − x̂) + c4, (10)

=��VÇ©Ù¼êÓ�� Gaussian ©Ù, ÙÏ"
�� x̂, ���� Ŝ.

©�Úû½ Ŝ � x̂.
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1�Ú, û½ Ŝ. '� (9) Ú (10) ª¥��g�
��

Ŝ−1 = KTS−1
ε K + S−1

a . (11)

é (11) ª|^_Ý
úª��

Ŝ = Sa − SaK
T(KSaK

T

+Sε)−1KSa. (12)

1�Ú, û½ x̂. '� (9) Ú (10) ª¥��g�
��

(−Kx)T S−1
ε (y) + (x)TS−1

a (−xa)

= xTŜ−1(−x̂). (13)

du�§ (13) é?¿ x þ´÷v�, Kk

KT − S−1
ε y + S−1

a xa = Ŝ−1x̂. (14)

|^ (12) ª��

KTS−1
ε y + S−1

a xa

= (KTS−1
ε K + S−1

a )x̂. (15)

u´, ��� x̂ ���

x̂ = xa + (KTS−1
ε K + S−1

a )−1

×KTS−1
ε (y − Kxa). (16)

|^ (16) ª¤¼���ü(J x̂ ¡�4�q
,). d	, 3�©m©¥¤?ØL, eò (16) ª¥
� S−1

a ^1w�åÝ
 H [5] 5�O, éA�)�
1w�å). e?�Úò H ^ γI �O, Ù¥ γ �
²wÏf, I �ü Ý
, �KéA�)¡���&
E). d�, ¦)úªC�

x̂ = xa + (KTS−1
ε K + γI)−1KTS−1

ε

×(y − Kxa). (17)

3 ATOVS ] � � § Ý ! � Ý + � � ü ^
� IAPP ¥ [11], ¤æ^��´ù«�{. (17) ª
¥�²wÏf γ, ½�¡��Kzëê, Ù����
é�ü(J�°Ýk­��K�.

IAPP ¥¤æ^�|^U?� ��K?1Ä
� γ ¦)��{, �,8c��´��k?��{,

�Ek±eA:¯K: 1) Ä�¦)O\
�üL§
�O�þ; 2) |^ ��K3¦)L§¥duÐ
© γ0 �ÀJØÜn9¼êFÝ��N´ÑyÂñ
�Ýú$�ØÂñ��¹. �©[ÏL½Âé�ü
(J°Ý?1½þ£ã�#��ê, ,�l#�ê
Ñu, �Oé γ ?1ÀJ�#�{, ±ÏU;�þ

ã¯K, ¿¦�ü°Ý��Jp.

3 �í��ü�ê

XÛé�ü(J?1�(�µdéu���
üXÚ5ù´�'­��. �du¥(�a�ü
���9õ�Cþ, �CþmþjØÓ, �éuÓ
�Cþ�ü�R�©�3ØÓ�üXÚ¥½ØÓ,

l
��é�ü(J?1k�
�*�µd�3
é��(J. �
�*
½þ/£ã�ü(J�
°Ý (d�ü�{, &ÿ]��Ï�û½), ÚuÅ
� [11] Ú\
�í��ü�ê p Xe:

p = 1 − exp
( 1

2n
ln

(∣∣ŜS−1
a

∣∣)), (18)

Ù¥ Sa ���üëêÐ©ßÿ|½�µ|�Ø�
���Ý
, Ŝ ���üëê�ü�¬�Ø���
�Ý
. éu (18) ª, b½�ü��íG�¥þ¥
z����Ø�IO�, 3�ü���üc�'þ
� 1− p, Kk |ŜS−1| = (1− p)2n, ÏLéÙ¦_=
��� (18) ª, §L«Ð©ßÿ|Ø�¥�ÏL�
ü��Ø�Ü©. ¯¢þ, �ü¥����Ø�I
O�Ø�Uþ� 1 − p, Ïd, (18) ª¥¤½Â� p

¢Sþ´é�ü(J����Nµ�.

3�©¥, [ÏL¦� (18) ª¥¤½Â��í
��ü�ê p �4���IO?1 γ ÀJ. l (18)

ª�wÑ, 3�ücØ����Ý
®���¹e,

�O� p, Äk�¦Ñ�ü�Ø����Ý
 Ŝ.

ò Sa = H = γI �\ (11) ªk

Ŝ−1 = KTS−1
ε K + γI. (19)

ò (19) ª�\ (18) ª¿�n��, IAPP ^��ü
�¬�ýO�í��ü�ê�

p = 1−exp

(
2n ln

[∣∣∣Sa

(
KTS−1

ε K+γI
)∣∣∣]). (20)

3�©¥, ?1 γ �`ÀJ��K´¦� (20) ª¥
¤½Â��í��ü�ê����.

4 ÀJÁ�

��y|^�í��ü�ê?1 γ �`ÀJ
�k�5, ±93 IAPP ¥�` γ ���õ�, 3�
©¥, òé γ ���?1ê�Á�.

Á�¥, éu£ã¤ì�Ï�*ÿØ����
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*ÿØ����Ý
 K, ±9�µ|Ø����Ý

 Sa, �©¥���g IAPP, äN��©O�ã 1

Úã 2.

d (20) ª � w Ñ, 3 � µ | Ø � � � � Ý

 Sa Ú*ÿØ����Ý
 Sε ®���¹e,

e�O��í��ü�ê p, �IO�Ë�DÑ�
ª F � �¼êÝ
 K 9Ù=�Ý
 K. 3Á�
¥, �¼êÝ
¼���{�ò�íë�+��
\ IAPP ^�¥¤N��Ë�DÑ�ª POLD ��
��ªO�¤�. �u�ØÓ�íë�+�é�¼
ê K �K�, ?
é�` γ ���K�, �©¥æ
^
o^;.«�+��ë�+�©O?1�` γ

��O�, ùo^+�©O´»� (Tropical) +
�!æ4/gU (Sub Arctic Summer) +�!¥�
ÁU (Mid Latitude Winter) +�!æ4/ÁU (Sub

Arctic Winter) +�. éuùo^+��äN§�R
�©Ù, �ã 3.

ã 1 ATOVS �Ï�þ��Ø�ã (a) � HIRS 19 �ù	
Ï�¤ìØ�; (b) � AMSU 20 �Ï�¤ìØ�

Xc¤ã, �` γ ���éAu (20) ª¤½Â
��í��ü�ê p �4��. éud4�¯K�
¦), 3�Á�¥, æ^ Lagarias � (1998) ¤JÑ
� Nelder-Mead üX/{, 3¦)L§¥, γ �Ð©

�þ�� 1. �ª(J�L 1, Ù¥ γ ���ªÀJ
��Kzëê�, p ��UìT γ �O�¤�O�
�í��ü�ê.

ã 2 �µ|Ø����Ý
 (a) �§ÝØ����Ý
,

mý�Ý^�Ý
���, ü � K2; (b) ��ÝØ����
Ý
, mý�Ý^�Ý
���, ü � (g/kg)2

L 1 ATOVS �`�Kzëê�ÀJ(J

»� æ 4 /
gU

¥ � Á
U

æ 4 /
ÁU

²þ�

γ � 0.0224 0.0209 0.0212 0.0230 0.0220

p � 0.1500 0.1296 0.1392 0.1332 0.1380

lL 1 �wÑ, o^ë�+�¤éA��` γ

������ 0.0230, ���� 0.0209, ²þ�
� 0.0220. dd��, ��µ|Ø����Ý
Ú
*ÿØ����Ý
(½�, γ ���Cz�ØÓ
�í+�Cz'��, ÙÌÝÄ�²þ�� 6%±
S. 
�í��ü�ê p ���� 0.1500, ���
� 0.1296, ²þ�� 0.1380. Ïd��Ñ(Ø, Ø+
3Û«/«½Uí^�e, ²wÏfþk'�­½
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���. Ïd, 3¢S�ü¥, eO�^�k�, K
�æ^�½� γ 
Ø73zgS�L§¥þ­#
éÙ?1�O. 3�©¥, ò IAPP ¥²wÏf γ �
�½� 0.0220, 
Ø2æ^^�¥g��S��{
?1�` γ �(½.

ã 3 o�;.«�§�+�©Ù (a) �§Ý©Ù; (b) �
�Ý©Ù

��y|^�©¤æ^ γ �� IAPP S��{
(½ γ �é�ü(J°Ý�K�, �©|^I[¥
(/¡Õ�®Õ 2010 c 10 � 1 F� 10 � 6 F¤

ã 4 ØÓ γ ���Y§Ý�ü�¬þ��Ø� (Ù¥¢�
� IAPP g��Y, J���©�Y)

ã 5 ØÓ γ ���Y�Ý�ü�¬þ��Ø� (Ù¥¢�
� IAPP g��Y, J���©�Y)

�Â� ATOVS ]�, ©OUìü«�Y?1
�
ü, ¿l ftp://ftp.ssec.wisc/pub/ssec/halw e1
é
A�g��¥Ã�>&�]�, Uì5½����
�IO, ��� 245 �������. é&�]�
�ü«ØÓ�Y�ü(J?1'��þ��Ø�
(J�ã 4 Úã 5. lã¥�±wÑ, éu§Ý+
��ü, æ^�©�Y?1�ü�, 3 900 hPa ±
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eé6�.ÜÚ 300 hPa ±þé6�ºÜ, Ù°Ý
�Ñ$u IAPP g��Y�ü(J°Ý; 
3é6
� 300 hPa � 900 hPa �m, ±9 100 hPa ±þ��
í�ºÜ, �©�ü°Ý�pu IAPP g��Y�
ü(J°Ý. é���þ��Ø�?1²þ�, �
©�ü� 2.04 K, ' IAPP � 2.26 K $ 0.22 K. éu
�Ý, ����ü°Ýþk²wJp; l²þ�þ
w, �©� 0.8100 g/kg �$u IAPP � 0.8743 g/kg

� 0.0643 g/kg.

5 (Ø9Ð"

éu��&E), ±�í��ü�ê��I,

�©JÑ
�«Ä���KzëêÀJ��Y. Ó
��éo^;.«�+�, æ^ Nelder-Mead üX
/{, ?1
ÀJÁ�. lÀJ(Jw, ØÓ+�
¤éA��`�Kzëê´Ø�Ó�, Ù¥���
� 0.0230, ���� 0.0209. ,
duCzÌÝ�
~�, Ïd3¢S�üL§¥, �JpO��Ç, �
Cq��Kzëê��½�, =�o|+�¤éA
�²þ� 0.0220, l
;��`z¦)�Kzëê
¤Úå�S�L§. òT�Kzëê�\ ATOVS

�ü^� IAPP ?1�üÁ�, æ^�©¤ÀJ�
�Kzëê, Ø��±;��Kz¦)¤O\��
üO�þ, 
�§Ý+���ü°Ý�' IAPP �
��Y�ü°ÝJp� 0.22 K, �Ý�ü°Ý�J
p 0.0643 g/kg.
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Selection of regularization parameters using an
atmospheric retrievable index in a retrieval of

atmospheric profile∗
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Abstract

Using an atmospheric retrievable index and The Nelder-Mead simplex method, a dynamic regularization parameter selection

method for the retrieval of atmospheric profile with remote sensing data. And a series of test is carried out with four typical regional

profiles. The results show that the ranges of the optimal regularization parameter for different profiles are small. And to improve

computational efficiency in the actual retrieval process, the regularization parameter can be approximately taken as a constant. The

results provide a valuable method of selecting the regularization parameters in the retrieval of atmospheric profiles using the remote

sensing data.

Keywords: minimum-information retrievals, regularization parameters, atmospheric retrievable index
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