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i = Ti (1 + 0 :608qi ) ; (11)
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 * 
 i i Y b � � 
 Ti i p N � � 6 K 2 
 qi i } � � f � � � 5 � 2 ( ` 2 2 9 2 U ) �

U K  � Y � Y � � K l � 9 * 
 s 
 � � � 9 � G h 
 � @ 4 q  � Y � Y H h i 2 Z i �

~ a �

Z i +1 = Z i +
Rd

9:80665
(T �

i +1 � T �
i )

(ln T �
i +1 � ln T �

i )
ln

�
pi

pi +1

�
; (12)

c * 
 Rd = 0 :287J=(gK) A f � � � � b y 
 pi i $ i Y b B � � �  �

� A C � � � i c � b 
 � @ M � � � 2 U 6 y (ln( q)) � K 2 � � K 
 @ B � ] 6 H h

i 2 � : o � y � i � � i � 
 i � } 3 D & z(Z i < z < Z i +1 ) v � 2 U � K 2 �  � � @ % �

@ e w Z x c � � �

q(z) = qi expf � i (z � Z i )g ;

T (z) = Ti + � i (z � Z i ) ;

p(z) = pi

�
1 +


 i

T �
i

(z � Z i )
� � 9 : 80665

R d 
 i

:

� V Y b B � U P  pw � � @ s 
 e c � � �

q = 622
pw

p � 0:378pw
:

R " Y G h (4) � � � � 
 G M �

} � b ? A  � v � H h i 2 A D 
 [ m  � Y b B � H h i 2 Z i � @ % � o Y � � K

6 H h i 2 � � y 
 � } � b 6 4 � � �

2.2.3 � $ " * . 2 # 1 , ' 0 7

} G � � � ~ � � � 6 f � � U K e 
 S • > T y a A K 9 < � 7 $ h � C � (a) x � :

m ? � � � � 
 G # y n � � b * � � 
 Y • � @ M � 7 $ h � G

[24]
� 7 $ h � C a � �


 G # y � Y � } Abel > P

[23]
�

� (a) = � 2a
Z 1

a

d(ln n)
dx

dx
p

x2 � a2
; (13)


 * 
 > P 9 < x = nr 
 r i ` & � � � $ M * � � � . � � � 
 G M ) K G h (4) � 5 S

y ! > P G A � @  n � s (13) c � (13) c > P W 
 8 
 � L [�; � ] ~ " Y * 
 G h � G �

> P ! �

� � = � 2a
Z �

�

d(ln n)
dx

dx
p

x2 � a2
; (14)


 * 
 d(ln n)=dx � 10� 6 dN=dx � U K � � 
 G M N } ~ " Y w W P # y P L �

N (x) = N � exp(� k(x � x � )) ; (15)

D Z � � c

x2 � a2 � 2a(x � a) ; (16)
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| d (15) � (16) c 
 9 (14) c 
 � @ � �

� � = 10 � 6
p

2a kN � exp (� k(x � � a))
Z �

�

exp (� k(x � a))
p

x � a
dx ; (17)

- " 5 S ` [ [ � y 
 D � d B c � g s ] s � � c �

� � = 10 � 6
p

2a kN � exp (� k(x � � a)) � (erf(x � � a) � erf(x � � a)) ; (18)

� ; [ * ? 6 f i c e � 7 $ h � G � M � � h �

2.2.4 � � $ " * . 2 # 1 , ' 0 7

5 S Smith-Weitraub G h ((6) c ) 
 � � 
 G # y n a K 2 � } �  � �  � 
 y ~ a

c � g �

n = 1 +
�

k1
p
T

+ k2
pw

T 2

�
10� 6 ; (19)

c * 
 p � pw P B i � �  � } � P  (mbar) 
 T A � � � � 6 K 2 (K) 
 k1 � k2 A b

y � GPS > G � 	 � J � � ? G h A

[15;27]

d2x
ds2 = nr n ; (20)


 * 
 x = x (s) = ( x1(s); x2(s); x3(s))T
i G l � ? � ds = d L=n 
 L i G l c 2 � b c �

@ � g : m � V � G h Q �

8
>><

>>:

dx
ds

= y(s)

dy
ds

= nr n
; (21)


 * y = d x =ds � G h Q � 7 u $ a Y x � y � p a ! q q �

	 � J � ~ # & � 
 H � ^ < u t
p � @ S 	 � J � ~ # & � H ' ^ < x p � ) 
 � b ( Y

GPS � LEO � 
 N � � $ M * � Q g � � b ) � 
 H A y < u n
p ) A d �

u t
p =

x p�
�x p

�
� � u n

p : (22)

GPS I 
 � H ' x 0 H ^ � ^ < u t
p # y � E : U 
 � . ~ # & � r 20200 km (̀ / 3) 
 Z

x 0 = x p � � u t
p ;

�
�x 0 � x p

�
� =

�
� � u t

p

�
� � 20200; (23)


 * � � i : m _ jj x 0 jj = 20200 g 8 � b y �
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[27]

5 S (22) � (23) c � @ � � x 0 � u t
p 
 d x 0 � y 0(= u t

p ) V A G h Q (21) � p a ! 
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 � x 8 � p 6 LEO I 
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f � 
 * 


x f 6 N ^ : m . # � A b � . H ~ ^ 100 km (U . A * � # � � � B u b � R ! i 2 ) � H

^ G l B � : m & � R - 
 G h � (p) A

� (p) = ( u t
0; x t

f ) ;


 * 
 u t
0 A GPS I 
 H ' ^ < � � ^ < 
 u t

f A LEO I 
 H ' ^ < � � ^ < 
 (ut
0; x t

f ) A

d b : ^ < � Q h 
 p A • > T y �
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l � * L 
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 ; i i y � V < 
 i 
 G M � �

y � � ] y � ) ~ 
 � � l � * L 
 N � G 2 * � � � 7 $ h � G 6 B 
2 
 G M � G u �

6 i 
 � � 
 ( g  l p H & m > P A

[28]

Smod (r0) =
Z

N (x; y)dl = 2
Z r top

r 0

N (x; y)
p

r 2 � r0
2

r dr ; (24)

c * 
 N (x; y) A L 6 f i 
 � � 
 G M T < 
 r � r0 � r top � dl � . F T ` / 4 � B c }

� 6 f U K e � p H > P � z 9 / A

Nnon -Local (r ) = �
1
�

Z r top

r

dSmod
�

dr0p
r 2

0 � r 2
dr0 ; (25)

b c A l � * L 
 N � G �
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0 4 � m � + M � O 	 B j �

e E 0

[28]

� Abel > P 9 / ((3) c ) R - � � � 
 G M i = B
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 � b B � L 
 N L l � � y � (25) c � l � * L 
 N

(non-local, NL) 
 G M � V < i 
 2 Abel > P 9 / � � 
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 G M P L ;
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G h ' * � 6 ( I A 
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 � 2 7 $ h ' * � M
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 G M � � � 2 
2 
 N 
 G M �

G � , � 9 ( $ 2 7 $ h � G � � 2 [ : & ) �

3 � � D ; R ) , K t

� B 9 P ' * � A i _ m : W Y y w � V < � i c s a � V ! � Y � . � o ? � y f �

@ ~ � o ? � y Y e c q q

[13]
�
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r =0

�
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� T
W

�
x (t r ) � x obs(t r )

�
; (26)
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 x (t r ) i t r W ! i c � g ' ! 
 x obs(t r ) i t r W ! �  n � V ! 
 W i a � V ! [ [ �

G [ p ~ � ( � � � o � b S � � B 9 P ' * � Y / i c 
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? �
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 * 
 ps � pt (pt = 100 mb) P B i i c � # b � � � - �  � MM5 S � i � H % < � c 



 9 < a p�
p � ~ � } MM5 L H � � 9 �  0 * 
 p�

i H = * W Y � 9 < 
 � _ � i c l

� * 2 k [ 
 � E 6 
 MM5 _ S � n U 7 u $ a � h � i " 7 u $ a 
 
 } � � 2 9 < (u; v)

_ S � i p 6 ^ 
 � ` (T; q; w; p0) � B{ k c g � < k 
|  � 2 . F } � m � b B 
 
 �

9 < . F } o Y � * Y � MM5 � � g 8 e � c

[30]
�

x (t r ) = pr (x )

 
x 0

b

!

; (27)
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 � � A
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x 0
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!
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 x 0
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P B A d / / � i c s � � � l � i c � � G � d B c  n 9 / � 8 U Y B
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 � @ � A

 
x̂ 0
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!

= [ p0
r (x )]T x̂ (t r ) ; (29)
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P B A d " 
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 i c � � G � I • 
 � � l � i c � " 
 i c }

8 U Y B - � ^ i a i c 
 � & 6 ^ MM5 d ) V 3 � c / 0 i Z H � 
 } � � l � � " 
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c * V p N c / 0 � 6 B �
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 (26) c . F � V ! � y i p a $ a � � y 
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 _ � m R V � p a $ a ^ N : m i c s x � (t r )( r = 1 ; 2; 3; � � �) 
 � }

m : W Y y w R � # y � � V ! � 6 Z k " d i c ( 6 8 MM5) ; ' 
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y � @ � V A p a $ a � U 7 u $ a � � y � Y ^ i a MM5 � IC (x 0) � LBC ( b) � : � P
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 8 
 _ S a x 0 � b p ~ � $ ( 9 < ) � V ! � y (26) c @ ~ ! W 
b

b 3 S � � � @ 
 6 5 S Z k " d y ! i c � � B 9 P ' * � A 
 k � # � � V * (26) c �

$ ( 9 < i % ~ 0 6 � 
5 � U � $ ( 9 < a ^ < x 0 � b � � Z P < 0 H p ~ �

p f 
 Y ^ - N � " N � 7 u $ a 
|  � 2 } � � - � " N i c Y � p a ! H x { V

A $ ( 9 < � N P � 
 � 
 MM5 * _ S � U 7 u $ a % & ? � Z i 
 9 < � � ] [ l y ~

W } R 6 b 5 m & B � , 9 ! h ( � o 2 7 u $ a � Y W � M ) 
 � � U 7 u $ a � W P e b

� r x �
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�
�
�
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(t i ) =
� LS (t i + y) � � LS (t i )

y
; i = 0 ; 1; 2; � � � ; (30)
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 e ? LS A d � o 2 (Large Scale) 7 u $ a � � @ 
U 7 u $ a * 3 � a W Y p ~ �

< H x { % & } $ ( 9 < * � } � B 9 P ' * � A m / * 
p a W ! t0 � � Z i c 9 < !

(u; v; w; T; q; p0)( p a $ a H % & � � - Y (k = 1) � " Y k = ( MAX + 1) � |  � 2 w) � 5
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[t0; t r ] w 0 � 6 � ; D 
 p a W ! R 6 b 5 m & � � Z i c 9 < � ! a p a P ] � p ' 7 u &
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 N b � � � 9 < � V 1 8 9 < 
 � ] � ! � x } @ ~ * � h * c

9 � I • 
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i;j;k;t 0

; : : : ; )T ;

8 i; j; k � 2 � l � KMAX ;
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b = ( � � � ; ui;j;k;t 0 + ry ; � � � ; vi;j;k;t 0 + ry ; � � � ; wi;j;k;t 0 + ry ; � � � ;

Ti;j;k;t 0 + ry ; � � � ; qi;j;k;t 0 + ry ; � � � ; p0
i;j;k;t 0 + ry ; � � � ; )T

r = 0 ; 1; � � � (ry � t r � t0); 6 i � 5 9 i � IMAX � 5; j � 5 9 j � JMAX � 5; 8 k (31)
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Assimilation Technique of GPS/LEO Occultation Date

LIU Min, GUO Peng

(1. Shanghai Astronomical Observatory, Chinese Academy of S ciences, 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 ra dio 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 di�erent assimilation techniques and the bene�ts and defects of using di�erent assim-

ilation parameters. At last, by CHAMP radio occultation obs ervation, 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.
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