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q = 622

pw

p− 0.378pw
.R"YGh (4) ����GM�}�b?A �v�Hhi2AD[m �YbB�Hhi2 Zi ��%�oY��K6Hhi2��y γ �}�b64���
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∞
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p )Ad�

ut
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∣

∣xp

∣

∣

× un
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∣
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∣

∣ =
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∣λut
p

∣

∣ ≈ 20200 , (23)* λ �i:m_ ||x0|| = 20200 g8�by�
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t
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2.2.5 �35&%( (Linearized Non-Local, LNL) 6-)07l�*L
N�V�GDL GPS �Y�V< (S,N, α) ;iiy�V<iGM��y��℄y�)~��l�*L
N�G2*���7$h�G6B2GM�Gu�6i��(g lpH&m>PA [28]

Smod(r0) =

∫

N(x, y)dl = 2

∫ rtop

r0

N(x, y)√
r2 − r02

rdr , (24)* N(x, y) AL6fi��GMT< r � r0 � rtop � dl �.FT`/ 4 �B}�6fUKe�pH>P�z9/A
Nnon-Local(r) = − 1

π

∫ rtop

r

dSmod

/

dr0
√

r20 − r2
dr0 , (25)bAl�*L
N�G�
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�bB�L
NLl��y� (25)�l�*L
N
(non-local, NL)GM�V<i2 Abel >P9/��GM�i6�IA��l�*�&�[[Hi56[[;"�SV
NGMW3�&���[[}6HYX"0 [29] �o�_S�l�*L
N�V�GZ8e��� (1)[*Gl�� ( l9$l) Gl��HGMPL;9*� (2) [:M,
0H�60�M�Gl�?;Gh'*�6 (IAGhi}'*�"39) � (3)M�<$2
NGM�G9:&�27$h'*�M�<6~�9 (�ri:my<E) � (4) s�?}�GyGM���22
NGM�G�,�9 ($27$h�G��2[:&) �

3 ��D;R),Kt�B9P'*�Ai_m:WYyw�V<�isa�V!�Y�.�o?�yf��~�o?�yYeqq [13] �
J =

R
∑

r=0

[

x(tr) − xobs(tr)
]T

W
[

x(tr) − xobs(tr)
]

, (26)*x(tr)i tr W!i�g'!xobs(tr)i tr W!� n�V!W ia�V![[�G[p~�(���o�bS��B9P'*�Y/ii\� NCAR (National Center for

Atmospheric Research) 8�Zk"dLH��9�*o2i�1 0 5 (MM5) i�bi%&i/9��'>��
7uYO��h�#bkP�h�#MWY>PG��YZ�L�9Y/�h�Ty* (%&>v6H�#bx<%<�?Y/�h�VG�) �}:mLH��9�i*6� �| �2iPB8g'Gh��MM5*g'9<i� // p′ ;Hi�m� �I� MM5 i9<%&�� // p′ � 3 m/<P<
(u, v, w) �K2 T �2U q �i_S:)YT�?� [p0(z), T0(z), ρ0(z)] ,.�J#� σ X?�

σ =
p0 − pt

p∗
, p∗ = ps − pt ,* ps � pt(pt = 100 mb) PBii�#b���-� �MM5 S�i�H%<�9<a p∗ p�~�} MM5 LH��9� 0* p∗ iH=*WY�9<�_�il�*2k[�E6MM5 _S�nU7u$a�h�i"7u$a}��29< (u, v)_S�ip6^�` (T, q, w, p′) � B–kg�<k| �2.F}�m σ bB�9<.F}oY�*Y� MM5 ��g8e� [30] �

x(tr) = pr(x)

(

x0

b

)

, (27)



� 1 � G�e � GPS/LEO *��W�:Q(+Js 37�* x(tr) Ad tr W!�ig' x0 = [(u, v, T, q, p′, w)|t=t0 ] Adi>P�pa$a
(IC) ^< b AU7u$a (LBC) ^< pr Ad MM5 *Y?�� IC(x0) � LBC (b) ��
x(tr) �ÆZ�G��MM5*R6b 5 m&B�ÆZi9<B!h![l 12 h q.:��sisl�*Y MM5 �����l�i MM5–TGL ��A

x′(tr) = p′

r(x)

(

x′

0

b′

)

, (28)* x′ � p′ PBAd//�is���l�i��G�dB n9/�8UYB�� MM5 �"i MM5–ADJ ���A
(

x̂0

b̂

)

= [p′

r(x)]
T

x̂(tr) , (29)* x̂ � (p′)T PBAd"9<�"i��G�I���l�i�"i}8UYB-�^iai�&6^ MM5 d)V3�/0iZH�}��l��"i*VpN/0�6B�6)�i;' (26) .F�V!�yipa$a��y�B9P'*�A�i��:mRV� IC(x∗

0) _�mRV�pa$a^N:mis x∗(tr)(r = 1, 2, 3, · · ·) �}m:WYywR�#y��V!�6Zk"di (68 MM5) ;' (26) .F�V!�y���VApa$a�U7u$a��y�Y^iaMM5 � IC (x0) � LBC (b) �:�P<Hi:)18�8
_Sa x0 � b p~�$(9<)�V!�y (26) �~!Wbb3S��Æ�65SZk"dy!i��B9P'*�Ak�#��V* (26) �$(9<i%~06�5�U�$(9<a^< x0 � b �ÆZP<0Hp~�pfY^-N�"N�7u$a| �2}��-�"NiY�pa!Hx{VA$(9<�NP�� MM5 *_S�U7u$a%&?ÆZi9<��℄[l y ~W}R6b 5 m&B�,9!h (�o27u$a�YW�M) ��U7u$a α WPeb�rx�
∂α

∂t

∣

∣

∣

LS
(ti) =

αLS(ti + y) − αLS(ti)

y
, i = 0, 1, 2, · · · , (30)*e? LS Ad�o2 (Large Scale) 7u$a�Æ�U7u$a*3�aWYp~�<Hx{%&}$(9<*�}�B9P'*�Am/*paW! t0 �ÆZi9<!

(u, v, w, T, q, p′)(pa$aH%&��-Y (k = 1) �"Y k = (MAX + 1) �| �2 w) � 5mR6b&��o27u$a (6N[l y ~W� 5 mR6b&�ÆZi9<) }'*y
[t0, tr] w0�6�;DpaW!R6b 5 m&�ÆZi9<�!apaP℄�p'7u&B�pa$a!p'��iNb���9<�V189<�℄�!�x}�~*�h*9�I�}'*yw�B9P'*�A�$(9<�i

x0 = (. . . , ui,j,k,t0 , . . . , vi,j,k,t0 , . . . , wi,j,k,t0 , . . . , Ti,j,k,t0 , . . . , qi,j,k,t0 , . . . , p
′

i,j,k,t0
, . . . , )T ,

∀ i, j, k � 2 ≤ l ≤ KMAX ;
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b = (· · · , ui,j,k,t0+ry, · · · , vi,j,k,t0+ry, · · · , wi,j,k,t0+ry, · · · ,

Ti,j,k,t0+ry, · · · , qi,j,k,t0+ry, · · · , p′i,j,k,t0+ry, · · · , )T

r = 0, 1, · · · (ry ≤ tr − t0), 6 i ≤ 5 9 i ≥ IMAX − 5, j ≤ 5 9 j ≥ JMAX − 5, ∀ k (31)* IMAX � JMAX i y � x Gy�<k&Oy KMAX i| YOy�8 (31) Æ.F9< z = (x0, b)T }5S MM5 V�B9P'*�Am/��~*�h*NVA$(9<�E:&!�;D�i//� p′ �p!iU.| T�2A 0 Y T � q �| >PM�����Æ� p′ � T � q RpiH18���i}i>P�Y p′ i:m189<I� p′ NbVA:m$(9<�Bi} w H�~�6Hiy*�
4 �J)),
I�),,����4m
4.1 ��l��

GPS Ul))
y'*�h*��'*�GWpf6�L�eI�� (1) �<_Siay�iIA}yv/�h*3_So.Y/UK�K9:��Z[[�[7y�yv/��hs9q
��,2�s[� (2) �<��y�A�[��V<�G�B��"��� (3) 6��r�2k6B<B[[����G�G.'*�G�2k`A 1 [14] �^ 1 �q��m��Zu [14]*-�J {��kbj4 �X�J =CX>\℄�vCj4 N�>
α =F{� ^z r�7C �
N �F{� r8℄� 7C K�

p � T � ρ � e XF{� �℄� v �� GPS )
Ir;'7$h�GM'*ik�����p2�e}�� ��K2��{Ty'*�Hi:m�������-�.�G�M�uV<�~IA�℄0L�ii�?�9<C,���}�� ��K2x{S�[�P℄�'*GA{��s�i}C,��5�K9:�yv/�hT9�9Y/UK�[7�Ty	`��	`�T?:6�[[�;�u<B�V�G�[[�� (Y^59?[7	`�[[) ��6.Z9J��dGKÆ��[9%�}��G*�g�G�2�5*�I��z)
M��'*a+*_S��GNbi��GM97$h�
4.2 ��l	��'*a+W$:6�L�x'*Lx+9<8GM�7$h9�iy��V�G�x+�[GA8RVZ!�HxS)'*Yn9<5�RS<B9P��B9P9 Kalman NG�'*GA)'*3DYn9<IA�℄_S?�:09<��V9<�Y��y~a�$=6�L���V�GiU6BYi�68}<B��B9P*ZW�6�q�V�G���"��;} Kalman NG�A* [31] �$�6f���V�G (f/!) �$<6�LM�<��~�8<B9P2�B9P�M�<~�B9P�
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Kalman NG�A�M�<p��$�6�L�Vv/�YW�R��<U�}��y�'W��� n'*yx�B9P� Kalman NGr4�R".6�Lx{T9irx (9/9�Gh) 8�B9P� Kalman NG�o�2kbS�)
'*y��AZRV|MA��B9PA�RV|MAx{S�'*7$h�GM�Lx+9<M�<9H�2k6B�q�V�G�iHxS^YWy'*�;�B9Px{Yiy�YW'*�A)
y nS^YW�y! �g'z�?$a�i��M�<p6k��
5 �r���R

Zou �2 [32] _S 2002 { 7 t 16∼31 5w� 3030 � CHAMP )
ga��V< (*Z 1427 �M9�i2A 850 hpa �e) ��? CHAMP yDd��yS^ �g'i*�E6�℄.��"����V!VA:Ad_SaG_S CHAMP y�i!V2k2kq
`/ 5 �

0 5 �t�*$�;nI(#e2L3�Q^"b�#���W="�Z���\ [32][ojZ[SU GPS {�X���℄��ojSU GPS {�$���℄
/ 5 *s#� (10◦∼90◦ S  0◦∼360◦ E) "dw�2k��"��DAp6kDRS� CHAMP y9pN2kD�)#� (15◦∼70◦ N  40◦∼120◦ W) "dw�2k��"��DAp6`2kiRS� CHAMP y9pNk9���>iRS GPS y"�P℄!a�"���V<![B2k~��"��
�6N� CHAMP y2k`A"d�P℄
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��#~f? GPS y} �g'*�VS�T℄5S 2002 { 8 t 7 5y 192 m CHAMP )
ydPBS?AC,GAa:B9P'*C,Ir��� GPS )
�K2�U2�b�BUl)�"�yV2kq
`/ 6 �

0 6 CHAMP *�8%iEB;C:Q(+��#ACbqO��#�����L3�Z�3l�/ 6 ���q2ÆY?AC,A n���G'*�PL$l (�l) '*C,����b$l (Yl) a�"��DAX��t��}� CHAMP002 �/*?AC,A���q
p6k��}� CHAMP0139 �/*� i^ 500 hpa W{QtTfh (`K�/) ?AC,A}!6HY*Zfh[[��iY^b#"!6HY}�p6A*	���!6HYW3tT6Bqi9J��N�dG�i{�;�&���[[?AC,IrUAs���R��Y���~fax+�?AC,Irp29P'*Ir�C,[
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a~y! �g'p62kA,�i�"��
})��PL`2DHi��Z�9#" (8�(�Æ1��l�U2	:") UA8b�uV��"��
;S��#"� GPS )
���b'*�y! �g'id36y!g'Zfh�{ [33] �
6 �r��o�fuB56�)
M(Z:m:miT��9#"a\�� COSMIC �VM(:mi�V�-�Y}^�Tq��TT� ACE M(���� CHAMP M(9}��)
�Vm/50���5!��R9�}M(9YT)
�Vm/�T�9: Lb~;)
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Assimilation Technique of GPS/LEO Occultation Date

LIU Min, GUO Peng

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Graduate

School of the Chinese Academy of Sciences, Beijing 100039, China)

Abstract: After introducing the history and development of GPS/LEO radio occultation tech-

nique, we discuss the theory of retrieval technique. The importance of the 1DVAR is demonstrated

in the retrieval technique by analyzing the problems in standard retrieval technique. Then we

describe the cost function of 1DVAR and the sorts of assimilation parameters in detail. Further-

more, we introduce the 4DVAR, which is popular used in meteorology nowadays. We especially

analyze the different assimilation techniques and the benefits and defects of using different assim-

ilation parameters. At last, by CHAMP radio occultation observation, we prove that the GPS

measurement plays an important role in NWP, and compared to the standard retrieval technique,

there are also notable improvements after using the 1DVAR.

Key words: astrometry; assimilation; review; GPS/LEO; radio occultation; 1DVAR; 4DVAR


