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,
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3 C o o p e r a tiv e In s tit u te fo r
M
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,
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a dis o n

,

M
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,
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A BS T R A C T

T he A d v a n e ed T IR O S
一

N O P e r a tio n a l V e r tie a l So
u n d e r (A T O V S ) m e a s u r e m e n ts a r e u s e d t o

g e n e r a te t he a t m o s p he r ie p a ra m e te r s
,

s u e h a s te m p e r a t u r e a n d m o is tu r e p r o file s u n d e r b o t h e le a r

a n d e lo u dy s it u a t io n s
.

T his Pa Pe r d e se r ib e s b rie fly the n o n lin e a r ite r a tiv e p h ys ie a l r e t r ie v a l

m e tho d
.

By u s in g th is r e t rie v a l se h e m e
,

a n e x p e r im e n t ha s b ee n e a r r ie d o u t to r e tr ie v e t he

m o is t u r e p r o file s fr o m A T O V S m e a su r em e n ts o n th e N O A A
一
1 6 s a t e llite fo r

J
u ly o f 2 0 0 2

.

A T O V S

p r o file r e t r ie v a l r e s u lt s a r e e v a lu a te d b y r o o t m e a n sq u a r e (R M S ) diffe r e n e es w ith r e s p e e t t o

R A d io so n d e O B s e r v a t io n (R A O B ) p r o file s
.

T h e a e e u r a e y o f th e r e t r ie v a l 15 a b o u t 1 5 % 一 2 3 % fo r

t he r e la tiv e h u rn id it y P r o file in th is s tu dy
.

K e y w o r d s : A T O V S m e a s u r e m e n ts
,

r e g r e s s io n r e tr ie v a l m e th o d
,

n o n lin e a r ite r a tiv e p h ys ie a l

r e tr ie v a l m e t ho d
,

r o o t m e a n s q u a r e e r r o r

1
.

IN T R O D U C T IO N

R e tr ie v in g te m p e r a tu r e a n d hu m id it y p r o file s fr o m s a te llit e d a t a s t a r t e d in th e 1 9 7 0 5
,

the r e t r ie v a l m e th o d ha s b e e n im p r o v e d g r e a tly w ith th e a d v a n e e d t e e hn iq u e s in r e m o t e

s e n s in g a n d e o m p u te r
.

M a n y r e t r ie v a l m e th o d s h a v e b e e n d e v e lo p e d o v e r th e la s t th r e e

d e e a d e s
.

T h e s e r e tr ie v a l m e th o d s 9 0 in t o tw o e a t e g o r ie s : s t a t is t ie a l r e g r e s s io n t e e h n iq u e

a n d p hy s ie a l r e t r ie v a l te e hn iq u e
.

St a t is t ie a l r e g r e s s io n t e eh n iq u e s a r e b a s e d o n th e r ela t io n s hip b e tw e e n a tm o s p he r ie

p r o file s a n d s a te llit e o b s e r v a t io n s
.

A s e t o f his to r ie a l s a t ellit e m e a s u r e m e n t s a n d th e

e o llo e a t e d R A O B p r o file s a r e u s e d t o g e n e r a te th e r e g r e s s io n e o e ffie ie n t s fo r fu r th e r

a p p lie a t io n in th e p r o file r e tr ie v a l w ith r e a l s a te llit e d a t a
.

T he s t a t is tie a l r e g r e s s io n ba s e d

o n the u s e o f e ig e n v e e t o r s o f s t a t is t ie a l e o v a r ia n e e m a t r ie e s w a s w id e ly u s e d t o in te r p r e t

s a t e llit e s o u n d in g o b s e r v a t io n s (S m ith a n d W
o o lf 1 9 7 6 )

.

C o n s t r a in in g the r e t r ie v a l to b e

a r o u n d th e m e a n e lim a t e v a lu e s p r e v e n ts th e r e s u lt fr o m a n u n r e a lis tie p r o file
.

T h is k in d

o f r e t r ie v a l r u n s v e r y fa s t s in e e the r e g r e s s io n d o e s n o t d e a l w ith the fo r w a r d e a le u la t io n a s

S u p p o r t e d b y th e N a tio n a lK e y B a s ie R e s e a r e h a n d D e v e lo p m e n t P r o g r a m g r a n te d by t he
M in ist ry o f

S e ie n ee a n d T e e h n o lo g y o f C h in a w ith a P r o
j
e e t n u m be r o f 2 0 O IC B 3 0 9 4 0 2

.
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w e ll a s th e w e ig ht in g fu n e tio n
.

P h y s ie a l r e tr ie v a l m e th o d s g e n e r a te d ir e e t ly the a tm o s p he r ie p r o file s fr o m th e s a t e llite

m e a s u r e m e n ts
.

T h e r efo r e a fa s t r a d ia t iv e t r a n sfe r m o d e l 15 e x p lo it e d t o e a le u la te the

s yn the t ie s p e e t r a l r a d ia n e e s fr o m in it ial g u e s s p r o file s
.

T h e be s t e s tim a t io n 15 th e o n e

w h ie h m in im iz e s th e d iffe r e n e e b e tw e e n th e syn th e t ie r a d ia n e e a n d th e r e al s a t e llite

o b s e r v a t io n
.

T h e Phy s ie a l r e t r ie v a l 15 a n ite r a t iv e P r o e e s s a eh ie v e d by a dju s t in g th e in itia l

g u e s s
.

T w o p h ysie al r e t r ie v a l s e h em e s a r e w id ely u s e d
.

T h e s e a r e the S im u lta n e o u s

P h ys ie a l R e t r ie v a l M e th o d (S PR M
,

S m ith e t a l
.

1 9 8 5 ) a n d t he S P R M
一

b a s e d m in im u m

v a r ia n e e s im u lt a n e o u s r e t r ie v a l (F lem in g e t a l
.

1 9 8 6 )
.

T h e ir m a in e ha r a e t e r is t ie s a r e t o

r e t r ie v e s im u lta n e o u s ly th e a t m o sPh e r ie t e m P e r a t u r e P r o file
,

w a t e r v a p o r Pr o file a s w ell a s

th e s u r fa e e t e m Pe r a tu r e
.

C h e d in a n d S e o tt (1 9 8 5 ) P r o P o s e d th e Im p r o v e d In it ia liz a tio n

In v e r s io n (3 1) m e tho d
.

A t N SM C th e s t a tis t ie a l r e g r e s s io n s eh e m e w a s r e p la e e d by the

Ph y s ie a l r e t r ie v a l s eh em e w h ie h it s e lf h a s b e e n u p d a te d s e v e r a l t im e s (L i e t al
.

1 9 9 3 ;

Z h a n g e t a l
.

1 9 9 7 )
.

N e w r e t r ie v a l m e th o d s h a v e b e e n d e v e lo p e d s in e e 1 9 98 (L a v a n a n t e t

a l
.

1 9 9 9 : L i e t a l
.

2 0 0 0 ;
W

u e t a l
.

2 0 0 1 )
.

D iffe r e n t m e tho d m a y d iffe r in the s e le e t io n o f

in itia l g u e s s
,

fa s t fo r w a r d r ad ia t iv e t r a n s fe r m o d e l
,

th e elo u d d e te e tio n a lg o r ith m
,

e te
.

In

e o n tr a s t w ith t em p e r a t u r e r e t r ie v al
,

h u m id ity p r o file 15 m o r e e o m p lie a te d d u e t o it s h ig h

n o n lin e a r ity w ith th e o b s e r v e d r a d ia n e e
.

T his P a p e r fo e u s e s m a in ly o n th e w a te r v a Po r

r e t r ie v a l w h ile m a n y o the r a r t iele s fo e u s o n th e t e m Pe r a t u r e r e t r ie v a l
.

T h e n o n lin e a r

it e r a tiv e Ph ys ie a l r e tr ie v a l m e th o d 15 u s e d t o d e r iv e th e m o is tu r e p r o file in o u r e x p e r im e n t
.

T h o s e u n e o n t a m in a t e d m ie r o w a v e eh a n n els a r e e x p lo it e d to o bt a in the m o is t u r e P r o file s in

m a n y elo u d y s it u a t io n s
.
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.

A T O V S ME A SU R E M E N T S

玩 M a y o f 1 9 98
,

a n e w s e r ie s o f N O A A P o la r 一 o r bit in g O p e r a t io n a l E n v ir o n m e n t a l
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一
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一1 6 衣

1 7 w e r e la u n e he d in 1 9 9 9 a n d 2 0 0 2 r e s Pe e t iv e ly
.

T h e o n b o a r d A d v a n e e d T O V S s u ite 15

e o m p r is e d o f tw o s o u n d in g in s t r u m e n ts
.

O n e in s t r u m e n t 15 th e tw e n ty
一 e ha n n e l H ig h

-

r e s o lu t io n In fr a r e d R a d ia t io n S o u n d e r (H IR S / 3 )
.

T he o th e r 15 the tw e n t y
一 eh a n n e l

in s t r u m e n t o f th e A d v a n e e d M ie r o w a v e S o u n d in g U n it (A M S U )
.

T w o s e p a r a t e

r a d io m e te r s (A M S U
一

A fo r t e m p e r a t u r e s o u n d in g a n d A M S U
一

B fo r h u m id ity s o u n d in g )

e o m p r is e the A M SU in s tr u m e n t
.

T he n ew g e n e r a t io n s a te llit e r e p r e s e n t s a d r a m a t ie

im p r o v e m e n t in m ie r o w a v e te e h n o lo g y th a t w ill s ig n ifie a n tly e n ha n e e the a tm o s p h e r ie

s o u n d in g e a p a b ilit ie s in elo u d y s it u a t io n
.

T h e A M S U in s t r u m e n t ha s b e t t e r a tm o s p he r ie

s o u n d in g e a p a bilit ie s in a ll w e a th e r e o n d it io n s tha n the p r e v io u s in s t r u m e n t m a in ly fo r

a tm o s p he r ic s o u n d in g in ele a r s it u a t io n
.

A M S U
一
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.

K
.

15 the fir s t hu m id ity

s o u n d in g u n it flo w n o n the N O A A s a t ellite
.

It w a s d e s ig n e d t o m a in ly m e a s u r e w a t e r

v a P o r in fiv e eh a n n e ls o n e o f w h ieh 15 lo e a te d in th e w in d o w r e g io n
,

a n o the r 15 in th e

w e a k w a te r v a p o r a b s o r Pt io n lin e
,

a n d the o th e r s a r e in th e w a t e r v a P o r a b s o rP t io n b a n d
.

A M S U
一

B 15 a e r o s s 一
tr a e k r a d io m e te r w ith a sw a th o f 2 2 5 0 k m

.

T he in s t r u m e n t e o m Ple te s

o n e s e a n lin e e v e r y s/ 3 s e e o n d s w ith a t o t a l o f 9 0 E a r th fie ld s 一 o f
一 v ie w

.

Sp a tia l r e s o lu t io n

a t n a d ir 15 n o r m a lly 1 6 k m
.

T a b le 1 lis t s the A M S U
一

B e ha n n e l e ha r a e te r is t ie s
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T h e w e ig ht in g fu n e t io n s o f A MS U
一

B a r e illu s t r a t e d in F ig
.

1
.

E a e h e u r v e e o r r e s p o n d s

t o e e r ta in e ha n n e l
’ 5 s e n s it iv it y fo r a t m o s Ph e r i e in fo r m a t io n a t d iffe r e n t a lt i tu d e

.

It e a n b e

s e e n th a t t he r a d ia n e e in C h a n n e l 1 e o m e s m a in ly fr o m s u r fa e e
,

C ha n n e l 2 fr o m t h e

b o u n d a r y la y e r
,

C h a n n e ls 3 一 5 fr o m t he Ia y e r b e t w e e n 4 0 0 hPa a n d 8 0 0 hPa
.

I n o r d e r t o

d e m o n s t r a t e t h e d iffe r e n t im p a e t o f w a t e r e lo u d o n w in d o w e ha n n e l a n d w a t e r v a p o r

e ha n n e ls
,

Fig
.

1 a ls o sh o w s t he w e ig h t in g fu n e t io n s fo r b o th e le a r a t m o s p h e r e (s o lid ) a n d

a tm o s p h e r e w it h e lo u d w a t e r (d a s h e d )
.

It e a n b e s e e n t h a t w a t e r e lo u d h a s a s ig n ifi e a n t

im p a e t o n Ch a n n e ls l一 2 w hile h a v in g m in o r im p a e t o n C ha n n e ls 3 一 5
.

T h e r e fo r e t h e

p r e e ip ita t io n a n d e lo u d liq u id w a t e r e o u ld b e e s t im a t e d fr o m t he r a d ia n e e s o f C ha n n e ls l一

2
.

M o is t u r e p r o file s h a d n o t b e e n r e t r ie v e d d u e t o t h e s e v e r e in t e r fe r e n e e o f A M S U
一
B

o n 一

bo a rd N O A A
一

1 5 in o u r e a r ly s tu d y (W
u e t a l

.

2 0 0 1 )
.

H o w e v e r
,

t h is p a Pe r fo e u s e s o n

t he m o is t u r e r e t r i e v al
.
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.
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,
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,
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,

a n d o t he r g a s e s a r e n o t o n ly t h e
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a b s o r b e r s
,

b u t

the a bs o r b e r s ’

fr o m s a t e llit e

a ls o th e em itt e r s in the a t m o s Phe r e
.

T he a b s o r b e d e n e r g y 15 p e r t in e n t t o

8 11 1 0 U ll t a s

In s t r U llle n t S

w e ll a s

in th e

th e ir e ha r a e te r is t ie s
.

a b s o r p tio n b a n d
,

a

W ith the r a d ia n e e m e a s u r em e n t

s o u n d in g e a p a bility o f d e r iv in g

a tm o s p h e r ie te m p e r a t u r e a n d m o is t u r e
,

n e g le e t s e a t t e r in g b y th e a tm o sPh e r e in

e m it t e d b y the e a r th
一 a tm o s Phe r e sy s t e m

r a d ia t iv e t r a n sfe r e q u a t io n :

Ps

a n d o the r e o n s t itu e n t P r o file 15 a s s u r e d
.

If w e

lo e a l th e r m o d yn a m ie e q u ilib r iu m
,

th e r a d ia n e e

15 a p p r o x im a t e d b y th e fo llo w in g a tm o s p h e r ie

R

一
B

,
二 一

{
B d ·‘O

,

, , + 厂‘
一

,

汽

{
B d ·

’

+ R

0

(1 )

w he r e r ’

= 讨/ :
,

R 15 the s p e e t r a l r a d ia n e e in th e in fr a r e d r e g io n o r b r ig ht n e s s t e m p e r a tu r e

in the m ie r o w a v e r e g io n
,

B 15 th e P la n e k r a d ia n e e w h ie h 15 a fu n e tio n o f t e m p e r a t u r e a n d

p r e s s u r e P
,

s u b s e r ip t 5 d e n o te s s u r fa e e
,

a n d r 15 th e a tm o s p h e r ie t r a n sm it t a n e e fu n e t io n o f

a bs o r b e r e o e ffie ie n t a n d a m o u n t fr o m le v el P t o s p a e e
.

T he m o is t u r e 15 im p lie itly t a k e n

in t o a e e o u n t in th e tr a n s m itt a n e e te r m
.

R ‘ r e p r e s e n t s th e e o n t r ib u t io n o f r e fle e te d s o la r

r a d ia t io n in the in fr a r e d r e g io n
,

: 15 the s u r fa e e e m is siv ity a s s u m e d t o be eq u a l t o 1
.

0 fo r

in fr a r e d w in d o w e h a n n el
.

If th e s a t ellite o b s e r v e d r a d ia n e e 15 k n o w n
,

the n R e a n be

e o n sid e re d a n o n lin e a r fu n e t io n o f the a tm o sPh e r ie t em p e r a t u r e p r o file
,

w a t e r v a p o r

P r o file
,

e t e
.

T he e a le u la t io n o f w e ig h t in g fu n e t io n o r tr a n s m it t a n e e 15 th e k e r n e l in the p h ys ie a l

r e tr ie v a l o f a tm o s phe r ie p a r a m e t e r s
.

F o r a n y eh a n n el
,

th e d is t r ibu t io n o f the w e ig ht in g

fu n e tio n 15 r e la te d t o the a tm o s p h e r ie la ye r in t e r a e t in g w ith th e o b s e r v e d r a d ia tiv e

in t e n s ity
.

In the m e d iu m a b s o rP tio n ba n d
,

th e e m is sio n fr o m th e lo w e r a t m o s Phe r e e a n

ha r d ly r e a e h th e s a te llit e in s tr u m e n t d u e t o the a bs o r p t io n fr o m the a tm o s Ph e r e a b o v e
.

O n

th e o the r ha n d
,

the e m is sio n fr o m u PPe r a tm o s Ph e r e h a s sm a ll e o n t r ibu t io n t o s a t e llit e

m e a s u r em e n t d u e to th e s p a r s e a tm o s Phe r e in u p p e r la ye r s
.

T h e r e e x is t s a p e a k a lt it u d e

fo r e a e h w e ig h tin g fu n e tio n
.

In the w e a k a b s o r p tio n b a n d the e ffe e tiv e r a d ia n e e e o m e s

fr o m t he lo w e r a tm o s p he r ie la y e r
,

w e ig h t in g fu n e tio n p e a k s a t a lo w e r le v e l
.

In the s t r o n g

a b s o r p tio n b a n d
,

th e p e a k a lt it u d e o f w e ig ht in g fu n e t io n 15 h ig h
.

W ith a g iv e n eh a n n e l
,

th e o b s e r v e d r a d ia n e e 15 o b t a in e d fr o m th e a t m o s p he r ie t e m P e r a t u r e m o is t u r e
,

a n d the

a m o u n t o f o the r a b s o r b in g e o n s t it u e n ts
.

A e e o r d in g t o th is r a d ia tio n p r in e ip le
,

s e v e r a l

Ph ys ie a l r e t r ie v a l m e tho d s h a v e b e e n d e v elo P e d to d e r iv e th e v e r t ie al p r o file s o f

t e m Pe r a tu r e a n d m o is t u r e
,

e te
.

M a th em a tie a lly
,

a t m o s p he r ie p a r am e t e r r e t r ie v a l 15 t o

s o lv e e q u a t io n (1 )
.

B u t th e r e 15 n o u n iq u e s o lu tio n fo r th is k in d o f e q u a t io n
.

A s m a lle r

e r r o r in th e m e a s u r e m e n t e a n b e g r e a t ly a m p lifie d in the r e t r ie v a l r e s u lt
.

CO
n s e q u e n tly

,

e o n s t r a in m u s t be s e t t o in s u r e a e e u r a te a n d m e te o r o lo g ie a l m e a n in g fu l r e t r ie v a l r e s u lt s in

th e p r o e e d u r e fo r o b ta in in g th e s o lu t io n
.

IV
.

N ON L IN E A R IT E R A T IV E PH Y S IC A L R E T R IE V A L

T h e n o n lin e a r it e r a t iv e p hy s ie a l r e t r ie v al m e th o d p r o p o s e d b y L i e t al
.

(2 0 0 0 ) o f

U n iv e r s ity o f W is e o n s in w a s im p le m e n t e d in th e In te r n a tio n a l A T O V S p r o e e s sin g p a e ka g e

(IA P p )
.

It e o n v e r g e s q u ie kly t o s im u lta n e o u s ly d e r iv e the a tm o s p he r ie te m p e r a t u r e

p r o file s
,

m o is t u r e p r o file s
,

s u r fa e e te m p e r a tu r e
,

to t a l o z o n e a m o u n t
,

e t e
.

xf the s a t e llit e



N o
.

2 W U X u eb a o L I J u n
,

Z H A N G F e n

舒 in g e t a l
.

1 3 3

o b s e r v e d r a d ia n e e R o f e a e h eh a n n el 15 k n o w n
,

the n R e a n b e e o n s id e r e d a s a n o n lin e a r

fu n e t io n o f the a t m o s p he r ie t e m p e r a tu r e p r o file
,

w a te r v a p o r m ix in g r a t io p r o file
,

s u r fa e e

t em p e r a t u r e
,

m ie r o w a v e s u r fa e e em is s iv it y
,

e t e
.

T ha t is R = R (T
,

叮
,

T
, ,

。
,

⋯ )
,

o r in

g e n e r a l m a t r ix fo r m
:

Y = F (X )
,

(2 )

w he r e the v e e t o r X e o n t a in s 4 2 le v els o f a tm o sPhe r ie t e m P e r a t u r e ,

4 2 le v els o f a t m o s p he r ie

w a te r v a P o r m ix in g r a t io
, o n e s u r fa e e t e m p e r a t u r e , o n e m ie r o w a v e s u r fa e e e m is s iv it y

,

e t e
. , a n d Y e o n t a in s N s a t ellit e o b s e r v e d r a d ia n e e s

.

T h e lin e a r fo r m o f E q
.

(2 ) 15

占Y = F ‘ ·

6X
,

(3 )

w he r e F
, 15 th e lin e a r o r t a n g e n t m o d e l o f the fo r w a r d m o d e l F

.

F ‘ 15 a ls o e a lle d w e ig ht in g

fu n e t io n m a tr ix a n d th e s e w eig ht in g fu n e t io n s e a n b e e a le u la t e d by a d iffe r e n t ia l s e h em e o r

p e r t u r b a t io n m e tho d
, e s p e e ia lly fo r th e w a t e r v a p o r m ix in g r a t io a n d o z o n e m ix in g r a t io

e o m p o n e n t s
.

H o w e v e r , a n a e e u r a t e a n d e ffie ie n t w a y t o e a le u la te the w e ig h t in g fu n e t io n s

15 n e e e s s a r y fo r r e a l
一
t im e d a ta r e tr ie v a l p r o e e s sin g

.

A g e n e r a l fo r m o f the m in im u m

v a r ia n e e s o lu t io n 15 t o m in im iz e th e fo llo w in g p e n a lty fu n e t io n (R o d g e r s 1 9 7 6 )

J (X ) = [Y
m
一 Y (X ) ]

T E 一 ‘

〔Y
’
一 Y (X ) ] + [X 一 X

。

]
T

H [X 一 X
。

〕
.

(4 )

T h e fo llo w in g q u a s i
一 n o n lin e a r it e r a t iv e fo r m 15 o b t a in e d by u sin g N e w t o n ia n it e r a tio n

拼
二+ :

= (F
‘

万
·

E 一 ‘ ·

F ‘:

+ H )一
‘ ·

尸‘

万
·

E 一 ‘ ·

(占Y
,

+ F
‘。 ·

占x
。

)
,

(5 )

w h e r e 舀X
。

= X
,

一X
。 ,

占Y
,

一Y幼一 Y (X
,

)
,

X 15 th e a tm o s Ph e r ie P r o file to b e r e tr ie v e d
,

X
。 15

the in itia l g u e s s o f the a t m o s Ph e r ie Pr o file
,

Y 从
15 the v e e t o r o f th e o b s e r v e d r a d ia n e e s o r

br ig ht n e s s te m p e r a tu r e s u s e d in th e r e t r ie v a l p r o e e s s ,

E 15 th e o bs e r v a t io n e r r o r e o v a r ia n e e

m a tr ix w hie h in elu d e s in s t r u m e n t n o is e a n d fo rw a r d m o d e l e r r o r ,

H 15 the a Pr io r i m a t r ix

w h ieh e o n s t r a in s th e s o lu t io n , a n d s u Pe r s e r iP t T d e n o t e s th e t r a n s Po s e
.

H e a n a ls o b e th e

in v e r s e o f th e a p r io r i in it ial g u e s s e r r o r e o v a r ia n e e m a t r ix
.

If th e s t a t is t ie s o f m e a s u r e m e n t

a n d a p r io r i e r r o r e o v a r ia n e e m a t r ix 15 G a u s s ia n ,
the n the m a x im u m lik elih o o d s o lu t io n 15

o b t a in e d
.

U s u a lly H = 7 1 15 a p p lie d in E q
.

(5 )
,

w h e r e y 15 a sm o o th in g fa e to r ,
th e n

占X
二+ 1

= (F
‘

万
·

E 一 ‘ ·

F ‘,

+ yI )一
‘ ·

F
‘

万
·

E 一‘ ·

(占Y
,

+ F ‘, ·

占X
。

)
.

(6 )

W h ile the s m o o th in g fa e t o r 7 15 e x t r e m e ly im p o r t a n t in the s o lu tio n ,

b u t it 15 v e r y d iffie u lt

t o d e t e r m in e
.

7 15 d eP e n d e n t u P o n the o b s e r v a t io n ,
the o b s e r v a tio n e r r o r , a n d th e in itia l

g u e s s o f the a tm o s p h e r ie p r o file
.

It 15 o ft e n e ho s e n e m p ir ie a lly
.

T h e s m o o thin g fa e t o r

p la ys a e r it ie a l r o le in th e s o lu t io n ; if y 15 t o o la r g e ,
th e n th e s o lu t io n 15 o v e r e o n s t r a in e d

a n d la r g e bia s e s e o u ld b e e r e a t e d in th e r e t r ie v a l ; if y 15 to o s m a ll
,

th e s o lu t io n 15 u n d e r -

e o n s t r a in e d a n d p o s sib ly u n r e a lis t ie
.

T he fo llo w in g fo r m u la 15 a p p lie d t o d e t e r m in e th e

s m o o th in g fa e t o r y
·

}}F (X (7 ) ) 一 Y’

}1
“
= 。2 ,

(7 )

N

ofbew h e r e 口2

e ha n n e l k

一 艺
。里 e *

15 the s q u a r e r o o t o f th e d ia g o n a l o f E o r th e o b s e r v a t io n e r r o r

w hieh in elu d e s in s t r u m e n t e r r o r a n d fo rw a r d m o d el e r r o r
.

U s u ally J Z e a n

e s tim a te d fr o m the in s t r u m e n t n o is e

m o d el u s e d in the r e t r ie v a l
.

A s im Ple

15 e h a n g e d in e a eh it e r a t io n a e e o r d in g

a n d th e v a lid a t io n o f t he fo rw a r d r a d ia t iv e tr a n s fe r

n u m e r ie a l a p p r o a eh 15 a d o p t e d fo r s o lv in g E q
.

(7 )
,

y

t 0

y
。 + l

= 叮
。 ·

7
。 ,

(8 )



1 3 4 A C T A M E T EO R O LO G IC A S IN IC A V o l
.

1 8

w h e r e 9 15 a n in e r e a s in g o r d e e r e a s in g fa e to r fo r y
.

B a s ed o n E q
.

(7 )
,
9 15 o b t a in e d in e a e h

it e r a tio n by the fo llo w in g e o n d it io n s :

q o
= 1 ;

If }}F (X
。

) 一 Y ”

}! < 。2 ,
th e n 叮

。

= 1
.

5 ;

If }}F (X
,

) 一 Y ‘

日 = 。2 ,
th e n it e r a t io n s to p s ;

If IIF (X
,

) 一 Y
”

11 ) 。2 ,
the n q

。

= 0
.

8
.

T h e 9 fa e t o r h a s b e e n fo u n d fr o m em p ir ie a l e x p e r ie n e e to in s u r e th a t the s o lu tio n 15 s t a b le

fr o m o n e it e r a t io n t o the n e x t
.

7 w ill k e e p e ha n g in g u n til the ite r a t io n s t o p s
.

T o a s s u r e the r e t r ie v a l a e e u r a e y
,

a p r e e is e k n o w le d g e o f the in s t r u m e n t p e r fo r m a n e e

a n d th e a e e u r a ey o f th e a tm o s p h e r ie tr a n s m it t a n e e fu n e t io n s fo r the v a r io u s s p e e t r a l

e ha n n els 15 e r u e ial
.

A fa s t a n d a e e u r a te tr a n sm itt a n e e m o d e l 15 u tiliz e d fo r th e fo rw a r d

r a d ia t iv e e a le u la t io n (H a n n o n e t a l
.

1 9 9 6 )
,

in w h ie h a 4 2 p r e s s u r e le v e l v e r t ie a l e o o r d in a t e

15 a d o Pt e d fr o m 0
.

1 t o 1 0 5 0 hPa
.

V
.

M O IS T U R E PR O F IL E R E T R IE V A L A N D R E SU LT A N A L Y S IS

T h e n o n lin e a r it e r a t iv e p h ys ie a l r e t r ie v al m e tho d 15 im p le m e n t e d in o u r e x p e r im e n t o f

r e t r ie v in g th e m o is t u r e p r o file s fr o m A T O V S m e a s u r e rn e n t s o n th e N O A A
一

1 6 s a t e llite fo r

Ju ly o f 2 0 0 2
.

S a t ellit e m e a s u r e m e n t s fr o m tw o w a te r v a p o r eh a n n e ls (CH ll 一 1 2 ) o f

H IR S / 3 a n d th r e e w a t e r v a p o r e h a n n e ls o f A M SU
一

B a r e m a p p e d in to a g r id o f

a p p r o x im a t e ly 5 0 k m fo r r e t r ie v in g th e v e r tie al m o is t u r e p r o file s
.

T h is g r id e o r r e s p o n d s t o

2 b y 2 H IR S fie ld s o f v ie w
.

1
.

D ‘t e r m in a tio n
of th e In it ia l G u e s s

S in e e th e r e t r ie v a l p r o b le m 15 111
一

p o s e d
,

a d d it io n a l in fo r m a t io n 15 n e e d e d t o e o n s t r a in

th e s o lu tio n
.

O ft e n th is 15 a e e o m p lis he d by m e a n s o f a n in itia l g u e s s p r o file o b ta in e d fr o m

a e lim a t o lo g ie a l lib r a r y
,

r e g r e s s io n r e t r ie v a l fr o m r a d ia n e e
,

a n d n u m e r ie a l w e a the r

p r e d ie t io n (N W P ) p r o d u e t s
.

U s u a lly it 15 e a sy t o o b ta in th e in it ia l g u e s s fr o m a

e lim a t o lo g ie a l lib r a r y
,

b u t th e s e h is t o r ie a l p r o file s m u s t b e r e p r e s e n t a tiv e
.

R e g r e s s io n

r e t r ie v a l e o u ld b e im p le m e n te d e o n v e n ie n tly a s in o u r e x Pe r im e n t a l s tu d y
.

N W P p r o d u e t s

a r e g o o d r e s o u r e e s fo r th e in it ia l g u e s s in the p h ys ie a l r e tr ie v a l
,

b u t th e q u a lity o f N W P

p r o file p r o d u e ts 15 e r u e ia l
.

T h e a e e e s s o f N W P p r o d u e t s m u s t be g u a r a n t e e d fo r the r e a l
-

t im e d a ta p r o e e s s in g s y s t e m
.

O u r in it ia l g u e s s o f t e m p e r a t u r e
,

w a t e r v a p o r
,

o z o n e p r o file

a n d s u r fa e e t em p e r a t u r e 15 o b ta in e d by s ta tis t ie al r e g r e s s io n b a s e d o n th e N O A A / N E S D IS

N O A A ss g lo b a l r a d io s o n d e d a t a s e t w h ie h h a s 8 8 3 4 a t m o s p h e r ie p r o file s
·

T he r e g r e s s io n

e o e ffie ie n t s a r e g e n e r a t e d b y th e fo r w a r d e a le u la t io n o f A MS U
一

A a n d H IR S / 3 r a d ia n e e s

a n d the s t a t is t ie a l r e g r e s s io n a n a lysis
.

T h e lo e a l s a te llit e z e n ith a n g le o f o b s e r v a t io n
,

th e

s u r fa e e t e r r a in e le v a t io n
,

a n d th e la n d / s e a t a g a r e a ls o u s e d a s p r e d ie t o r s t o a llo w th e

d ir e e t u s e o f n o n 一

lim b a d ju s t ed r a d ia n e e s
.

T he a d v a n t a g e o f the
r e g r e s s io n e q u a tio n u s in g

the the o r e t ie a l e a le u la t io n o v e r th e r e a l o b s e r v a t io n 15 th a t it a v o id s e r r o r s d u e t o th e

t e m p o r a l a n d s p a tia l d iffe r e n e e s b e tw e e n s a t e llite o b s e r v a t io n a n d r a d io s o n d e p r o file
.

2
.

Q u a lity C
o n t r o l in R e tr ie v in g P r o c e d u r e

S e v e r a l e he ek s a r e m a d e fo r q u alit y e o n t r o l in t he r e t r ie v in g p r o e e d u r e
.



N o
.

2 W U X u e b a o
,

L I J u n
,

Z H A N G F en

舒 i刀 g e t a l
.

1 3 5

(1) Co
n v e

rg
e n c e e he e k

T he fo llo w in g q u a n tit y 15 e o m p u t e d to e he ek the e o n v e r g e n e e

X
;

一 }X
‘
一 X

i一 1

}
.

(9)

If X
, + z

> Z
,

w ith in 2 it e r a tio n s w hie h m e a n s th e it e r a t io n d iv e r g in g
,

the n th e it e r a t io n

s t o p s
,

a n d the r e tr ie v a l 15 s e t t o b e th e in itia l g u e s s : o t h e r w is e k e e p s it e r a t in g u n t il X<

0
.

2 5
,

o r a m a x im u m o f 1 0 it e r a t io n s 15 r e a e he d
.

U s u a lly
,

m o r e t ha n 9 5 % o f s o lu t io n s

o bt a in e o n v e r g e n e e
.

(2) S a t u ra t io n c h e c k

E a e h le v el o f th e w a t e r v a p o r P r o file 15 eh e ek e d fo r s u p e r s a t u r a t io n in e a eh it e r a t io n
.

If a le v el 15 s u Pe r s a t u r a t e d
,

1 0 0 % o f r e la t iv e ly hu m id ity 15 a s s u m e d
.

(3) AM S U
一

A c lo u d
c h e c k

T h e A MS U
一

A s e a t t e r in g in d e x a n d d is e r im in a te fu n e t io n s (G r o d y 1 9 9 9 ) a r e u s e d t o

o b t a in the s u r fa e e e ha r a e t e r is t ie s s u e h a s s e a ie e e o n e e n tr a t io n
,

Pr e e ip ita t io n id e n t ifie a t io n
,

a n d s n o w e o v e r
.

T h e d e r iv e d s e a t te r in g in d e x a n d r a in fa ll in d e x e a n b e u s e d to r eie e t

u n r e a s o n a ble r e t r ie v a ls
.

T he s e a t t e r in g in d e x (5 1 )15 d e fin e d a s

5 1 -
一 1 1 3

.

2 + (2
.

4 1 一 0
.

0 0 4 9 X T 2 3 ) 又 T 2 3 + 0
.

4 5 4 X T 3 1

T 2 3 一 T 8 9

T 8 9
,

V V a t e r

la n d

(1 0 )

T h e a b o ve fo r m s a r e v a lid fo r w a t e r a n d la n d r e s Pe e t iv e ly
,

w h e r e T 2 3
,

T 3 1 a n d T 8 9

a r e th e b r ig ht n e s s te m p e r a t u r e s fo r A M S U
一

A C h a n n e ls l
,

2 a n d 1 5 r e s p e e t iv e ly
.

T h e s e

w in d o w eh a n n e ls a r e u s e d to m e a s u r e p r e e ip it a t io n a n d elo u d liq u id w a t e r
.

T h e y a ls o p la y

a n im p o r t a n t r o le in elo u d d e t e e tio n
.

M ie th e o r y p r e d ie ts tha t s e a tt e r in g 15 n e g lig ib le w he n

the h yd r o m e t e o r s iz e 15 s m a lle r e o m p a r e d t o the w a v e le n g th fo r o b s e r v a tio n s
.

In th e

p r e s e n e e o f la r g e h yd r o m e t e o r s o r elo u d
,

th e ir a b s o r p t io n w ill b e e o m e d o m in a n t a t h ig h e r

fr e q u e n e y (8 9 G H z )
.

It d e e r e a s e s th e m ie r o w a v e b r ig ht n e s s te m p e r a tu r e a t 8 9 G H z
,

m a k in g th e d iffe r e n e e o f T Zs一 T 8 9 m u eh la r g e r
.

T h is m ie r o w a v e elo u d d e t e e t io n 15 o n ly

u s e d o v e r la n d s u r fa e e
.

G r o d y
’5 s e a tt e r in g in d e x s e r v e s a s th e e r it e r ia o f elo u d d e t e e t io n

o v e r o e e a n
.

If th e s e a t te r in g in d e x 15 g r e a te r th a n 3 5
,

th e n th e r e tr ie v a l b o x 15 r eje e t e d fo r

fu r the r P r o e e s s in g
.

3
.

V a lid a tio n

of th e R e t r ie v a l R e s u lt s

T h e R A O B d a t a a r e u s e d t o e v a lu a t e th e m o is t u r e r e t r ie v a l
.

T h e P r im a r y v a lid a t io n

s t r a t e g ie s e o n s is t o f
: 1 ) v e r t ie a l a e e u r a ey s t a t is t ie s

,

2 ) e o m p a r is o n o f v e r t ie a l p r o file
,

a n d

3 ) h o r iz o n t a l fie ld a n a ly s is
.

E a e h v a lid a tio n s e he m e 15 b a s e d o n a m a t eh
一 u p d a t a b a s e o f

R A O B a n d r e t r ie v al r e s u lt e o llo e a t io n s w ith tim e a n d s Pa e e
.

(1 ) P ro c e s s in g th e m a tc h
一

uP d a ta

T h e R A O B d a t a w e r e e o lle e t e d a n d e o llo e a t e d w ith m o is t u r e r e tr ie v a l fo r th e s a m e

p e r io d a n d a r e a
.

T h e o b s e r v in g t im e fo r R A O B 15 a t 0 0 a n d 1 2 G r e e n w ieh M e a n T im e

(G MT ) w hile th e N O A A
一

1 6 o b s e r v a t io n t im e 15 a r o u n d 0 6 a n d 1 8 G M T
.

T he d is t a n e e
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.

1 8

b e tw e e n

r e t r ie v a ls

a r e :

tw o r a d io s o n d e s ta t io n s 15 u s u a lly v e r y la r g e w hile the d is t a n e e b e tw e e n tw o

15 a b o u t 5 0 k m
.

T h e r e fo r e th e e r it e r ia fo r e o llo e a tin g th e r e t r ie v al a n d R AO B

1 ) t e m Po r a l d iffe r e n e e 15 w ithin 6 h o u r s ; a n d

2 ) s p a t ia l d iffe r e n e e 15 w ith in 1 d e g r e e o f la t it u d e / lo n g it u d e
.

D a ta m e e t in g the s e tw o e r it e r ia s e r v e a s the e o llo e a t io n d a ta fo r v a lid a tio n
.

T h e

fo llo w in g v e r t ie a l a e e u r a e y s ta tis t ie s a n d e o m p a r is o n o f v e r tie a l p r o file a r e b a s e d o n this

m a t e h
一u P d a t a b a s e

.

(2 ) V e rt ic a l a c c u ra 卿 s ta tis tic s

T o illu s tr a t e th e a e e u r a e y o f A T O V S r e t r ie v a l
,

a ll t he r e t r ie v a l r e s u lt s a r e e o m p a r e d

w ith the R A O B p r o file s
.

T he s e in e lu d e the r e t r ie v als in ele a r a n d e lo u d y e o n d itio n s
,

o v e r

s e a a n d la n d
.

A t o t a l o f a b o u t 1 0 0 0 0 e o llo e a te d s a m Ple s a r e in e lu d e d in Ju ly o f 2 0 0 2
.

T h e

m e a n bia s a n d r o o t m e a n s q u a r e e r r o r (R M SE ) a r e o b t a in e d by s t a t is t ie a l a n a ly sis
.

R M S E

15 g iv e n b y

R M S E =

w h e r e X ~
B a n d X ~ vs a r e the R A O B

N 15 th e t o t a l n u m be r o f e o m P a r is o n s
.

壳套
(x

一
X ATO vs 广

·

(l l)

o b s e r v a t io n a n d A T O V S r e tr ie v a l r e s p e e t iv e ly
,

a n d

F ig u r e 2 s ho w s th e m e a n bia s a n d R M S E fo r r e la t iv e hu m id it y o f th e r e g r e s s io n a n d

Ph ysie al r e t r ie v a l fo r a ll e le a r a n d elo u d y
,

la n d a n d o e e a n e a s e s
.

T h e left Pa n el 15 fo r m e a n

b ia s
,

a n d the r ig ht fo r R M SE
.

S o lid lin e 15 fo r p h ysie a l r e t r ie v a l
,

a n d d o t
一

d a sh e d lin e fo r

r e g r e s s io n g u e s s
.

It e a n b e s e e n th a t th e R M SE fo r r e la t iv e h u m id ity 15 a b o u t 1 5 % 一 2 3 %
.

T he r e s u lt s sh o w the m in o r im p r o v em e n t o f the p hys ie a l r e t r ie v a l o v e r r e g r e s s io n g u e s s

in d ie a t in g th a t r e g r e s s io n r e t r ie v a l e o u ld a eh ie v e g o o d r e s u lt s w ith th e u s e o f s u ffie ie n t

s o u n d in g m e a s u r e m e n t s fo r w a te r v a p o r
.

Fig u r e s 3 a n d 4 s ho w the m e a n bia s a n d R MS E

fo r r ela t iv e h u m id it y o f the r e g r e s s io n a n d p h ys ie a l r e t r ie v a l fo r ele a r a n d elo u d y e a s e s
,

r e sP e e t iv e ly
.

3oo

少

、、、

000000
傀、气Jtz

�户山己出
ns明‘出

8 5 0

1(洲洲)
(a)

8 50

O叹X)

10 l0 2 0 l0

R e la t iv e hu m i d ity (%)

1 5 2 0

R e l砒i
v e

(b)
上》~ 一一

.

-2 5

hu m id ity (ok )

30

F ig
.

2
.

T he e o m p a r i s o n o f ph y s i e a l a n d r e g r e s s i o n r e t r ie v a l w ith R A O B p r o f ile
.

T h e le ft p a n e l (a )

15 fo r m e a n b ia s
, a n d th e r ig h t (b ) fo r R M SE

.

S o lid lin e 15 fo r p h ys ie a l r e t r ie v a一 a n d d o t -

d a s he d lin e fo r r e g r e s s io n g u e s s (a t o t a l o f a b o u t 1 0 0 0 0 e o llo c a t e d s a m p le s a r e i n e lu d e d i五

Ju ly o f 2 0 0 2 )
.
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,
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,

ZH AN G F e n

舒in g e t a l
.

1 3 7

3oo、、

洛

000000
气、�、�月了

守白己当
55。Jd

8 5 0

1《MX〕

(a )
8 5 0

I (X洲)

( b )

一 10

R e la tiv e

l0 20 1O

hu m id it y (咐

15 2 0 2 5 30

R e la tiv e hu m id ity (% )

F ig
.

3
.

A s in F ig
.

2 b u t fo r e le a r e a s e s
.

3oo 3oo

‘.‘
.
.、.
.. .,

5oo7oo
守山己七
n的切‘出

J奋刀口

8 5 0

以 X〕

( a ) 8 5 0

1(洲)0
伪)

一 10 0 l0 2 0 l 0 l5 20 2 5 3 0

R
e
lat i

v e h u m i d it y (o/0 ) R e la ti
v e

h u m id ity (% )

Fig
.

4
.

A s in Fi g
.

2
,

b u t fo r e lo u d y e a s e s
.

( 3 ) Th
e c o

mP
a ri so n

of
v e rt ic a l Pr of 乞le s

T w o R AO B s t a tio n s w e r e s e le e t e d t o e a r r y o u t th e e a s e s tu d y fo r A T O V S hu m id ity

p hys i e a l r e tr ie v a l a n d r e g r e s s io n g u e s s a t 1 8 G MT 2 3 Ju ly 2 0 0 2
.

F ig u r e 5 illu s tr a t e s th e

e o m p a r is o n s o f r e la t iv e hu m id ity o f p h ys i e a l r e t r i e v a l a n d r e g r e s s io n g u e s s w it h R A O B fo r

a n o r t he r n s t a t io n n e a r B e ijin g a n d a s o u t h e r n s t a tio n n e a r
W

u h a n
,

r e sP e e t iv e ly
.

T h e le ft

p a n e l 15 fo r B e iiin g a n d th e r ig ht fo r
W

u h a n
.

I t e a n b e e le a r ly s e e n t ha t b o th r e s u lt s a r e

e lo s e to R A O B o b s e r v a t io n s w h ile p hy s i e a l r e tr i e v a l h a s s u b s ta n t ia l im p r o v e m e n t o v e r

r e g r e s s io n g u e s s
,

e s p e e ia lly fo r B e iiin g S ta t io n
.

T h e e o m p a r is o n s a b o v e sh o w t ha t t he m e a n s t r u e t u r e o f a t m o s p h e r i e m o is t u r e p r o file s

e a n b e a e hi e v e d fr o m A T O V S m e a s u r e m e n ts
.

H o w e v e r
,

d u e t o s o m e u n e e r t a in t i e s
,

s u e h

a s th e fa ilu r e o f d e t e e tin g lo w
一

le v e l e lo u d
,

s u r fa e e t y p e u n e e r t a in t y
,

s u r fa e e e m is s iv it y

e r r o r e t e
. ,

t he r e t r ie v a l m a y b e s u bje e t t o la r g e e r r o r e s p e e ia lly in t h e lo w a t m o s p he r i e

le v e ls
.

In o r d e r t o im p r o v e th e r e t r i e v a l in lo w
一

le v e l a t m o s p h e r e
,

m o r e in v e s t ig a t io n s a r e

n e e d e d w h i e h fo e u s o n th e e lo u d e h e e k s u r fa e e t e m P e r a tu r e a n d t h e s u r fa e e e m is s iv it y
.

(4 ) T h e a n a ly si s of h o ri z o n t a l fi e ld s

H o r i艺o n ta l fie ld a n a ly s is P r o v id e s b e t t e r m e t e o r o lo g i e a l e o n t e x t e o n e e r n in g th e

e h a r a e t e r is t ie s o f t h e d e r iv e d s a t e llit e p r o d u e t s t h a n t he v e r t ie a l a e e u r a e y s t a t is t i e s (R e a le

2 0 0 1 )
.

F ig u r e s 6 illu s t r a t e s t h e N O A A
一

1 6 A T O V S r e t r i e v e d m o is t u r e fi e ld fo r 5 0 0 hP a a t

1 8 G M T 2 3 Ju ly 2 0 0 2
.

F ig u r e 7 d is p la y s t h e w a t e r v a p o r im a g e o f A M SU
一

B Ch a n n e l 3
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(a )
议

�己d召�巴
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一
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一
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D e w
一
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一
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一
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一
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D e w
一
P o in t t e m Pe r a tu re (K )

Fig
.

5
.

T he e o m p a r i s o n s o f p h ys i e a l a n d r e g r e s s io n r e t r ie v a l w ith R A O B p r o file
.

T he le ft p a n e l

(a ) 15 fo r
Be iji

n g S t a t io n ( 5 4 5 1 1 )
,

a n d t he r ig h t (b ) fo r

W
u ha n S t a t io n (5 7 4 9 4 )

.

So li d lin e

15 fo r R A O B p r o file
,

d a s he d lin e fo r r e g r e s s i o n g u e s s
, a n d d o t 一d a s he d li n e fo r p h ys ie a l

r e t r ie v a l (a t 1 8 G M T 2 3 J
u ly 2 0 0 2 fo r A T O V S o n bo a r d N O A A

一1 6 )
.

(2 8 3 士 1 G H z ) w it h w e ig h t in g fu n e t io n p e ak in g a t 4 0 0 hPa
.

G o o d e o n s is t e n e y 15 o b s e r v e d

in t h e s e t w o fig u r e s
,

illu s t r a t in g t h e r o b u s t d e r iv e d A T O V S p r o d u e ts o n a r e g io n al s e a le
.

4
.

E ~
r A n a ly si :

R A O B o b s e r v a t io n 15 o ft e n u s e d a s “
t r u th

”

in t he s t a t is t ie a l a n a ly s is o f s a t e llit e

s o u n d in g p r o d u e t s
.

T h e ir d i ffe r e n e e 15 r e g a r d e d a s “ e r r o r
”

in a s e n s e o f s t a t is t i e s
.

H o w e v e r
,

T he ir p hy s i e a l m e a n in g 15 d iffe r e n t d u e t o t h e d iffe r e n t m e a s u r e m e n t m e a n s in

s a t e llit e a n d e o n v e n tio n a l s o u n d in g
.

R AO B m e a s u r e s t h e in s ta n t a n e o u s s t a t e w h ile t h e

s a t e llit e s o u n d in g p r o d u e t d e n o t e s a n a v e r a g e in a e o lu m n o f a t m o s p h e r e
.

M o r e o v e r

F ig
.

6
.

N OA A
一 1 6 A T O V S r e t r ie v e d m o is tu r e fie ld fo r 5 0 0 hP a a t 1 8 G M T 2 3 J

u ly 2 0 0 2
.

T h e

b r ig h t n e s s te m p e r a t u r e o f H I R S / 3 Ch a n n e l 1 0 15 d is pla ye d i n t h e ba e k g r o u n d
.
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.

T h e w a t e r v a p o r im a g e o f N O A A
一
1 6 A M SU

一

B C h a n n e l 3 (1 8 3 士 1 G H z ) a t 1 8 G M T 2 3 Ju ly

2 0 0 2
.

D a r k g r e y r e p r e s e n t s d ry a tm o s p h e r e Lig h t g r e y fo r w e t o n e
.

R A O B it s e lf h a s a fe w P e r e e n t o f e r r o r
.

R e e e n tly
, “e r r o r ’

15 r ePla e e d by
“

bia s ”

in the

a e e u r a ey a n a lys is o f th e s a te llit e s o u n d in g p r o d u e t s
.

T he e r r o r o f s a t e llit e s o u n d in g

Pr o d u e t 15 e a u s e d by m a n y fa e t o r s
,

1
.

e
.

T e m P o r a l d iffe r e n e e be tw e e n R A O B a n d A T O V S o bs e r v a t io n s : T h is 15 a n

im p o r t a n t fa e t o r in e a u sin g la r g e e r r o r s
.

Fo r e x a m p le
,

th e o b s e r v a t io n t im e fo r A T O V S o f

N OA A
一

1 6 15 a r o u n d 0 6 G M T a n d 1 8 G M T w h ile R A O B 15 a t 0 0 G M T a n d 1 2 G M T
.

T h e y

a r e 6 h o u r s a p a r t
.

A t m o s p h e r ie m o is t u r e m a y eh a n g e g r e a tly in th e e o u r s e o f 6 h o u r s
.

S p a tia l d iffe r e n e e b e tw e e n R A O B a n d A T O V S o b s e r v a tio n s :
T his 15 a n o th e r

im p o r t a n t fa e to r in e a u s in g la r g e e r r o r s
.

O n e d e g r e e o f la t itu d e / lo n g it u d e 15 th e m a t e hin g

d is t a n e e
.

A tm o s p he r ie m o is t u r e m ay e ha n g e g r e a tly o v e r s u e h a lo n g d is ta n e e
,

e s p e e ia lly

fo r e o m plie a t e d to p o g r a p hy
.

.

E r r o r in th e g u e s s a n d r e t r ie v a l : T he q u a lity o f in itia l g u e s s h a s a d ir e e t im p a e t o n

th e a e e u r a ey o f r e t r ie v a l p r o d u e t
.

T he r e tr ie v in g e r r o r 15 a ls o fr o m the r a d ia t iv e fo r w a r d

m o d e l w hie h 15 o n ly a s im p lifie d m o d e l
.

·

E r r o r in th e s a t e llit e o b s e r v a t io n :
S a te llit e in s t r u m e n t n o is e a n d e a lib r a t io n e r r o r s

a r e m a in fa e t o r s e a u s in g r a d ia n e e e r r o r
.

T he y e o u ld n o t e o m p le t ely e lim in a te d fr o m the

r a d ia n e e e v e n th o u g h e o r r e e tio n s ha v e b e e n m a d e in th e s a t e llit e d a t a p r e p r o e e s s in g
.

V l
.

CO N C L U S IO N

B y e o m P a r in g th e r e t r ie v al w ith R A O B d a t a
,

the a e e u r a ey o f th e r e t r ie v al 15 a b o u t

1 5 % 一 2 3 % fo r th e r e la t iv e h u m id ity p r o file
.

U s in g A T O V S m e a s u r e m e n ts
,

the

a tm o s p h e r ie hu m id it y e a n be d e r iv e d w ith g o o d a e e u r a e y e s p e e ia lly in m a n y elo u d y

e o n d it io n s
.

T his 15 th e s ig n ifie a n t im p r o v e m e n t o v e r t he p r e v io u s T O V S m e a s u r e m e n ts
.

T h e r e fo r e A T O V S m e a s u r e m e n t s ha v e th e g lo b a l a e e u r a te m o is t u r e s o u n d in g e a p a b ility in

n e a r ly a ll w e a the r e o n d it io n s
.

In th e fu t u r e
,

s u e h r e t r ie v a ls e o u ld b e im p r o v e d o v e r C h in a

by u s in g th e h ig h s p e e t r a l r e s o lu t io n in fr a r e d o b s e r v a t io n o n E O S
一

A q u a p la tfo r m
,

a n d b y
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u s in g o th e r s o u n d in g in s tr u m e n t s o n b o a r d fu tu r e U S A e n v ir o n m e n ta l s a t e llite s (N PP
,

N PO E S S )
,

E u r o p e a n m e t e o r o lo g ie a l s a te llit e (ME T O P )
,

a n d C h in e s e m e te o r o lo g ie a l

s a t e llit e (FY
一

3 )
.

A m o n g im p r o v em e n t s
,

m a te hin g in s t r u m e n t s a s im a g in g a n d s o u n d in g

r a d io m e te r s in the in fr a r e d a n d m ie r o w a v e r e g io n sh o u ld im p r o v e th e s u r fa e e a n d elo u d

in fo r m a t io n
,

a n d the n im p r o v e the q u a lit y o f the a tm o s p he r ie p r o file r e t r ie v als
.

A e k n o w 一e d g e m e n t : T h e a u th o r s w o u ld lik e t o a e kn o w le d g e th e p e n e t r a t in g a d v iee a n d s u g g e s tio n s o f

th is r e s e a r eh b y Pr o f
.

L l G u a n g q in g (N SM C ) a n d Pr o f
.

D O N G C h a o h u a (N SM C )
.

W
e o w e s p e e ia l

th a n k s to D r
.

G u y R o e ha r d o f M
e t eo F r a n e e

/ CM S fo r h is th o u g h tfu l r e v ie w s o f t he m a n u se r ip t
.

R E F E R E N CE S

C he din
,

A
.

a n d S eo t t
,

N
.

A
.

(1 9 8 5 )
,

T h e im p r o v e d in itia liz a tio n in v e r s io n m e th o d
,

J
.

C lim
.

月户户1
.

几么! te o r
. ,

2 4 : 1 2 8一 1 4 3
.

Fle m in g
,

H
.

F
.

G o ldb e r g
,

M
.

D
.

a n d C r o s by
,

D
.

5
.

(1 9 8 6 )
,

M in im u m v a r ia n e e s im u lta n e o u s r e t r ie v a l

o f te m p e r a t u r e a n d w a te r v a p o r fr o m r a d ia n e e m e a s u r e m e n ts P r o e
.

S e e o n d C o n fe r e n e e o n S a te llite

M
e te o r o lo g y

,

A m e r
.

M
e t

.

S o e
.

2 0 一 2 3
.

G r o d y N
.

(1 9 9 9 )
,

A p p liea tio n o f A M S U fo r o bta in in g w a te r v a p o r e lo u d liq u id w a te r
,

p r e e ip it a tio n a n d

su r fa ee m e a s u r e m e n ts
,

T e e hn ie al p r o e e e d in g s o f th e T e n th In te r n a tio n a l T O V S St
u dy Co n fe r e n e e

,

B o u ld e r
,

C o lo r a d o
,

U S A 2 7 Ja n u a ry 一 2 F e b r u a ry

H a n n o n
,

5
. ,

S tr o w L
.

L
.

a n d M
e
M illa n

,

W
.

W
.

(1 9 9 6 )
,

A tm o s Ph e r ie in fr a r e d fa s t tr a n s m it t a n e e

m o d e ls : A e o m p a r is o n o f tw o a p p r o a e he s
,

p r o ee ed in g s o f SPIE
,

2 83 0
,

9 4 一 1 0 5
.

L a v a n a n t
,

L
. ,

B r u n e l
,

P
. ,

R o e h a r d G
.

(1 9 9 9 )
,

N OA A 1 5 s o u n din g Pr o file s r e t riev e d w ith IC I s e he m e
,

T ec h n ic a l p ro cee d in g s

of th e l o th In ter n a tio n a l 了
,

O V S S tu dy Co
n
j云re

n c e 3 2 1一 3 2 5
.

L i G u a n g q in g
,

Z h a n g W
e n

ji
a n

,

D o n g C ha o h u a e t a l
.

(1 9 9 3 )
,

N u m e r ie a l te s t o f t he s im u lta n e o u s p h ys iea l

r e t r ie v a l m e t ho d s fo r th e m e te o r o lo g ie a l p a r a m e te r s o v e r th e E a s t A s ia e o n tin e n t : SPR M
a n d IS P R M

,

C h in es e J
.

A tm o s
.

S c i
. ,
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