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d A p ir l 6

,
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A b s t r a c t T h e g lo b a l 训 s i t i o n i n g s y s t e m ( G P S ) ar y
一

Sh o o t i n g m e t h o d 15 a s e l仁 s u iff e i e n t o b s e vr a t i o n o p e r a t o r i n

G SP / M E T ( m e t e o r o l o群 ) d a t a v a ir a t i o n a l a s s im i l a t i o n l i n k i n g 即
t h e G p S o b s e o at i o n da t a a n d t h e a t

om
s p h e re s t a t e v a 找

-

a bl e s
.

B u * i r e a n n o t b e a p p l i e d t o d a t a a s s im i l at i o n a n d
o p e

ar t i o n a l p r e d i e t i o n 5 0 af r b e e a u s e o f h u g e e o m p u t at io n s
.
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o dr e r t o r e d u e e t h e a m o u n t o
f e o m Pu t at i o n , a Z

一
o dr e r t i m e

一
s a v i n g s y m P l e e t i e s e h e m

e 1 5 u s e d t o s o lv e t h e e q u a t i o n s o f t he

G p S ar y t r aj e e t o
叮

,

d u e t o i t s s e p a r a
b l

e
H

a m i l t o n i a n n a t u r e , a n d g o o d r e s u l t s a re a e hi e v e
d

.

N
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o f CP u t im e t a k e n

师
t h e o ld G SP ar y

一
s h o o t i n g m o
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e
l w i t h 4 t h

一
o dr e r

R u n g e
一

K u t t a m e t ho d
,

bu t a l s o i t i m v or v e s t h e s im
-

u l a t i o n a e e u r a e y t o s o m e e x t e n t
.

K e yw o r d s : G SP
r a y

一
sh o ot i n g

, s ym P l e e t ie s c h e m e , t im e
·

s a vi n g cm
th o d

.

S i n e e t h e u S A l a u n e h e d t h e if rs t l o w e a rt h o ht i t ( L E O )
s a t e ll i t e e q u i p p e d w i t h a g l o b a l p o s i ti o n i n g .

s y s te m ( G p S ) re e e i v e : i n 19 9 5
,

t h e er s e a cr h a n d 即 p li e a ti o n 。 f t h e 。 e e u l t a t i o n te e h n i q u e 。 f th e G p S h a v e

m ad
e

g er at p or g er s s an d b e e o

me an i呷ort an t s u bj
e e t i n er

mot
e ly 。 e n s i n g ht 。 at mo

s p h e er [ `
一 “ ]

.

仆
。 in v e r -

s i o n
m e t h o d h a d b e e n er p la e e d by th e 3

一

di m e n s i o n a l v a ir a t i o n a l a s s i m i la t i o n a n a l y s i s ( 3
一

D V A R )
S 。 th at

th e a t m o s p h e ir e s tat e v a ir a bl e s e a n b e er e o n s t ur e t e d for m t h e e 邓
o ir g i n a l m e a s u r e m e n t s [ l 一 3〕

.

I t s h o w s

th a t t h e i n e l u s i o n o f t h e i n fo mr at i o n

for m G PS m e a s u er m e n t s t o m o d e l i n i ti a l e o n d i t i o n s m i g h t s ig n i if e a n tl y

i m p or v e th e n u m e ir e a l w e a t h e r p er d i e t io n
( N Wp )

.

B u t w e s t i ll h a v e a l o n g w a y t o 9 0 t o u s e th e
G P s

m e a s u r e m e n t s i n t h e o
p e

art i o n a l N W P
,

b e e a u s e o f v a ir o u s di iff e u l t i
e s

.

R e s e a cr h e s i n t h i
s if e l d n o w a er

s t il l in a s t a g e o f e x p l o ir n g
e x

p e ir m e n t
.

T h e G P S / M E T o b s e押 a ti o n o
p e ar to r l i n k i n g u p t h e G PS er afr

e t i o n

a n g l e m e a s u er m
e n t s a n d th e a t mo

s p he ir e s ta te v a ir a b l e s
p l a y s a n i m p o rt a n t or l e i n th e G P S v a ir a ti o n a l d a t a

a s s i m il a t i o n w i th er afr
e ti o n a n g le m e a s u er m e n t s

.

I n o
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e r to g e t t h e s a m e ho ir z o n t a l r e s o lu t i o n a s t h e e o n -

v e n t i o n a l g lo b al r a d i o s o n d e o b s e vr a t i o n s ,

at l e a s t 10 00 G P S o e e u lt a t i o n s da ta s h o u l d b e i n e l u d e d i n t h e 3
-

D V A R th a t n e e d s m o r e th a n 4 0 o P ti m a l i t e ar t i o n s e a e h t i m e
.

S u p p o s e th at l 0() 0 G P S o e e u lt a t i o n s d a t a a er

i n e l u d e d i n t h e 3
一

D V A R
,

t he G P S / M E T o b s e vr a t io n o P e ar t o r a n d i ts a dj
o i n t o p e ar t o r w i ll

关 p orj
e e t s u p即 rt e
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.
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.
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.

Th
eG S P a rr

一s h o otin g m eth odis a

s ef - ls uff i ein et obs er va ti on op ea rt o rin th eG PS da ts s a a i mi la ti on w h i l eth o elG dPS a ry
一s h o otin g op ea r

-

t o r15s ol e vd by th e4 th
一 od r r eR un g e一

K ut ta m eth od
.

O u r ex p eri m en ts h ows th a ti t ta ks a eb o ut3 73s e e-

on ds on n a a a r e vg ets o ol veth eoG ldS P a ry
一s h o otin g op era ta o rt th eS G I O ri gin 2 0 0 0

, a n d 19 0 0 s e e -

o n d s t o s o lv e i t s a
dj

o in t o p e ar t o r
.

hT i s m e a n s th a t i t w i l l ta k e a b o u t 1 0 5 2 d a y s fo r t h e G P S 3
一

D V A R

e a e h t i m e
.

W h a t a h u g e e o m p u t a ti o n ! I t 15 i m p r a e t i e a b l e in t h e o p e r a t i o n a l N W P
.

N o w
,

t h e m o s t im
-

p o rt a n t th i n g fo r G P S 3
一

D V A R 15 to 群 e a t ly er d u e e th e e a l e u l a t i n g ti m e o f s o lv i n g G P S o b s e vr a ti o n o P
-

e r a to r a n d i t s a
dj

o i n t o p e r a to r
.

F o r th i s , a n e
ffe

e ti v 。 。 u m e r i e a l m e t h o d
, 。y m p l e e t i。 , e h e m e [’

,

6 〕
,

h a s

b e e n a p p l ie d i n o u r s t u d y to s o lv i n g G PS o b s e vr a t io n o p e r a t o r
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T h i s w il l b e th e if r s t s t e p t o m a k e G P S

3
一

D V A R p ar e t i e a b le a n d p o s s ib le i n th e o p e r a ti o n a l N W P
.

1 G P S / M E T d a t a a s s i m i l a t i o n

A t a if x e d t im e t o ,
th e G P S s a t e ll i t e e m i t s

( fr o m h i g h t o l o w )
r e s p e e t iv e l y

.

hT
e s e ar y s

r e e e i v e d b y th e L EO s a t e l l i t e a t B z ,

B Z ,

B 3 ,

B N , r e s p e e ti v e l y ( F i g
.

1 )
.

T h e G p S b e n d i n g

s e q u e n ti a l ly th e G P S r a y s a t A z ,

A Z ,

A 3 ,

…
,

A N

a f e

… ,
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,

2

3
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,
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.
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O n e
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)

T刀 一 ’
( x 一 x b

) ( 1 )

梦
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mr
r ,

y t h e o b s e vr a ti o n s o f G P S / M E T
,
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.

[ 2〕 a n d w a n g e t a l
.

[ 1〕 h a v e d e v e l o p e d a n e w
v e sr i o n o f 山e s p e e t r a l s t a ti s t i e a l i n te甲。 -

l a ti o n a n a ly s i s s y s te m ( 5 5 1 ) fo r t h e N a ti o n a l C e n t e r s fo r E n v ior n m e n t a l rP e d i e ti o n
( N C E p ) i n t h e U

-

n i t e d St a te s a n d u s e d i t i n p or e e s s i n g th e G SP / M E T m e a s u er m e n t s
.

hT is 15 th e if r s t a t t e m p t to p or e e s s
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,
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.
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一
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份

T h e G P S o b s e vr a t io n o p e r a t o r e o n s i s t s o f t h er e p a r ts :

( i ) T h e er l a t i o n a m o n g t h e r e fr a e t iv e in d e x n to t e m p e r a t u r e T
,

th e a tm o s p h e r ie p er s s u r e p

Pr e s s u r e o f w a te r v a Po r P w :

尸 w

c Z

下
( 2 )十
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.
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一 S K / h P a a n d e Z 二 3

.
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.

( 11) G p S ar y t arj
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d Z x _
,
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( 3 )

w h e r e x = x (
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x l
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s
)

, x Z
(

s
)
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(

s
) )

T 15 t h e r叮 tajr
e e to巧

,

d s 二 d L / n ,

L 15 th e e u vr i l i n e a r

e o o记 i n a t e a lo n g t h e r a y
, a n d n th e r e fr a e t iv e i n d e x e a l e u la te d by E q u a t i o n

( 2 )
.

( 111) D e te
mr i n a t io n o f er fr a e ti o n a n g l e : w h e n th e r盯 tarj

e e to巧 15 d e t e r m i n e d
,

ht e r叮 d ir e e ti o n

a t t h e p o in t e n t e r i n g th e a t m o s P h e r e a n d t h e r a y d i r e e t io n a t th e p o in t e x i t i n g fr o m t h e a t m o s p h e er e a n

b e o b ta i n e d
,

w h i e h e a n de t e
mr i n e th e r e fr a e t i o n a n g le g e o m e t r i e a l ly

.

心

hT
e r e a r e tw o d i ffe er n t k i n d s o f G P S o b s e n a t io n o p e r a to r s ,

th e G SP

G P S
r a y

一 s
h

o o ti n g
o p e r a to r

.

hT
e m a i n d iffe

r e n e e b e tw e e n t h e m 15 in
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一

tar e in g o P e r a to r a n d t h e
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e
’
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丽
o f E q

.
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.

hT
e o n e u s e s t h e a P P or

x i m a te e -

s 二 0

m i s s io n d i r e e ti o n d e te
mr i n e d b y p a y l o a d o p e r a t io n s C o n tor l C e n t e r

( p O C C ) d a t a ,
w h i e h 15 a t im e s a v -

i n g w a y b u t m i g h t i n t r o d u e e n o i s e s ,
w h i le t h e l a t te r e a n a u ro m a t i e a l l y d e t e
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j e e t o 仃 e q u a ti o n
.

I t 15 a n in d e p e n d e n t a n d s e l-f s u iff e i e n t m e th o d
,

b u t i ts e o m Pu ta t io n 15 to o e o s tl y t o

b e p r a e t ie a b l e
.
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一

t r a e i n g o p e r a t o r h a s b e e n u s e d i n G SP / M E T d a t a a s s im
-
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.
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r

叮
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.
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th e G P S i n -
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mr i n e d if r s t

.

A s s u m e th a t
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a t B ( F i g
.

2 )
,

t h e G p S r e

far
e t i o n a n g l e

for m A t o B
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.

E m i t a

ar y fr o m A a e e o r d i n g t o a s e l e e te d i n e i d e n t a n g l e

8 2
.

T h e n 夕1 15 e o n s i d e er d a s s u i t a b l e if d ( t h e d i s -

t a n e e b e tw e e n r a y a n d B ) is e
卿
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.

5 0 t h e r e fl e e ti o n a n g l e 6 R e a n
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, a n d th e r e

afr
e ti o n a n g le e a n b e e a le u l a t e d for m

d 15 l a r g e ,
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.
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.
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.
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