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E R R O R C O M PA R IS O N O F W IN D F IE L D R E T R IE V A L

F R O M S IN G L E A N D D U A L 一D O PPL E R

R A D A R O B S E R V A T IO N S

Ta
o z 哪 。 (陶祖钮)

N a tio n a lL a b o r a t o ry fo r S ev e r e S to r m R e sea r e h
,

n e p a r tm e n t o f G e o p hysie s
,

P ek in g U n iv e r sity
.

B e
iji

n g l0 0 8 7 1

R e e elv e d Ja n u a ry l
,

19 9 4 ; re v ise d A P r一1 18
,

19 9 4

A B ST R A C T

T h e e r r o r d ls tr ib u rlo n s o f the w ln d fi e ld s re t r一ev ed fr o m s五n g le a n d d u a l一D o PPler r a d a r o b se r v a tio n s a re g iv e n In

th ls P a Pe r
.

T h e r es u lts In d ie a te tha r th e e r r o r o f d u a l一 D o PPle r r e trjev a ld eP en d s o n the Po s itio n in the sea n r eg io n o f the

d u a l一D o PP le r r a d a r
.

T he er r o r o f sin g le一 D o PPle r r e tr ie v a l by u sin g v e lo c ity a z im u th Pr o c e ssin g (V A P) tee h n iq u e d e
-

Pe n d s o n th e a n g le b e tw e e n th e d lr e e tio n s o f w l n d a n d the r a d a r b ea m
.

G e n e r a lly
,

th e w in d s r etr ie v ed fr o m si n g le D o PP I
-

e r r a d a r a re e lo se t o tho se r e t r ie v ed fr o m d u a l一D o PPler r a d a r
.

B u t , the e r r o r d ist rib u tio n o f the sin g le一D o PPler r e t r ie v a l

15 d il’I’e
r e n t fr o m lh e d u a l一D o Pp le r r e rr iev a l

.

W
e sim u la te the r e rr iev a ls o f sin g le D o p p le r o b ser v a tio n by the u s e o f the

o u t p u t w in d d a ta fr o m a 3一D n u m e r ie a l m o d el o f se v e r e e o n ve e tio n
.

T he c o m p a r is o n o f tfi e sim u la te d sl n g le 一 a n d

d u a l一 D o PP le r re t r lev a ls sh o w s tha r th e V A P rn a y b e a su lt a b le tee h n 一q u e fo r th e o Pe r a tio n a l a n a lysis o f m eso se a le w 一n d

tle ld s
.

It c a n a lso b e u se d a s a s u PPlen l e n t to w l n d fi e ld r e triev a lin th e fi e ld e x Pe r im e n t
.

K ey , o r d s : D o PPle r r a d a r
,

w , n d fi e ld re t r , ev a l
,

v e lo e , ty a : zm u 屯h Pr o ee ssin g (V A P) te eh n iq u e

IN T R O D U C T IO N

T he e hie f o
bj

e c t o f D o PPle r r a d a r o b s e r v a tio n 15 to o b t a in m eso s c a le w in d fi eld s
.

Sin c e o n ly

th e r a d ia le o m P o n en t o fw in d v e e to r (th e ra d ia lv e lo eity) c a n be m e a su r ed b y D o PPle r r ad a r ,

the

e o m b in ed o b ser v a tio n o f tw o D o PPIe r r a d a r s 15 n e e essa ry to o bta in the m e so se a le w in d fi eld
.

T he w in d v e c to r e a n b e e o m Po u n d e d b y tw o r a d ia l v elo e itie s m e a su r ed by tw o se Pa ra ted

D o Pp le r r a d a r s
.

T h e w in d e r r o r e stim a tio n o f d u a l一D o PPler r etr iev a l(D o v ia k e t a l
.

19 76) sh o w s th a t the r e
-

tr ie v ed w in d s w ith sm a lle r r o r a r e a v a ila b le o n ly in tw o se Pa r a ted r e g io n s lo c a te d o n b o th sid e s

o f th e d u a l一D o PPle r r a d a r b a se lin e
.

T he a r ea o fe

ffe
etiv e r eg io n 15 a b o u t o n e fo u r th o f the r a d a r

se a n a r ea
.

H e n c e ,

the d u a l一D o PPIe r re tr iev a l 15 n o t su ita ble fo r the o Pe r a tio n a l a n a lysis o f

m e s o se a le w in d fi e ld s
.

B e e a u se o f th e lim ita tio n o f d u a l一D o PPler r a d a r w in d fl e ld r et rie v a l
,

th e te c h n iq u e s o f sin
-

g le一D o PPle r re tr iev a l h a v e b e e n su g g e s ted
, s u eh a s v e lo eity v o lu m e P r o c e ssin g (V V P) te c hn iq u e

b y W a ld t e u fe l (19 79 )
, u n ifo r m w in d (U W ) te eh n iq u e b y Pe r s s o n (19 8 7 ) a n d v e lo c ity a z im u th

Pr o c e s sin g (V A P) te c h n iq u e b y T a o (19 9 2 )
.

In o rd e r t o in fe r the h o r iz o n ta l v elo c ity v e c to r fr o m o n e fl eld o f D o PPler v e lo c ity
, a n a s

-

s u m Ptio n a b o u t the w in d fi eld 15 n e ees sa ry
.

T he V V P tee h n iq u e 15 u n d e r the a ssu m Ptio n o f

Iin e a r w in d fi eld in a lim ite d v o lu m e
.

T he w e a k n e ss o f V V P te c h n iq u e 15 tha t the Pre c isio n a n d
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th e sPa c e re s o lu tio n o f th e r e t rie ve d w in d fi eld a r e P o o r
.

T he e a se stu d y sho w s tha t the r e tr ie v ed

w in d fi e ld by V V P teeh n iq u e 15 n o t g o o d e n o u g h (K o se ieln y e t al
.

19 82 )
.

T he re fo re ,

V V P te eh
-

n iq u e w a s n o t ac ee Pte d a s a e o n v en tio n a ltee hni q u e to re tr iev e w in d fl eld s fr o m sin gle一D o PPle r

ob
ser v a ti o n

.

T h e U W tee hn iq u e 15 u n d e r th e a ssu m Ptio n th a t the w in d s a r e u n ifo r m in a lim ite d in ter v a l

o f th e a z im u th
.

A s the w in d s a r e u n ifo r m
,

th e ta n g e n tia l eo m Po n en t 鱿 o f v elo c ity c a n b e in fe r
-

r e d fr o m th e g r a d ien t o f th e r a d ia l c o m Po n e n t 科

匀 V

V = 一 一- 二

。0

w ith a z im u th

(l)

F o r th e 10 0 km sea le w in d fi eld
,

it 15 re a s o n a ble t o a ssu m e th a t th e w in d s in the sPa e e r e so lu tio n

o f l一 3 km a re u n ifo r m
.

B eea u se th e ta n g e n tia lc o m Po n e n t in E q
.

(l) 15 v ery se n sitiv e to the v a
-

r ia tio n o f th e r a d ial e o m Po n e n t w ith a z im u th
,

th e n o is e o f D o PPle r r a d a r m e a s u re m e n t s w ill b e

a m Plifi e d g re a tly
.

In o r d e r to g e t r e a so n a ble w in d fi e ld s ,

th e U W
r e tr ie v e d w in d fl eld s ha v e t o be

m o d ifi ed b y d yn a m ic a l c o n tr o l
, su eh a s im Po sin g ho riz o n ta ln o n 一d iv er g en c e (H a g e n 19 8 9 )

.

B u t
,

m o st o fm es o se a le fe a tu r es o f r e tr ie v e d w in d fi e ld s w illbe m isse d a ft e r th e m o d ifi e a tio n
.

T h e V A P tee hn iq u e 15 a n o th er k in d o f u n ifo rm w in d te eh n iq u e fo r sin g le一D o PPler r etr iev a l

(T a o 1 9 9 2 )
.

T h e d ir ec tio n : a n d ve lo eity V o f th e w in d ea n b e d e r iv e d fr o m th e r a d ia l v elo e ity

Vr : an d Vr 了 a t tw o c o n tig u o u s a z im u th (O+ A O
,

O一A口) in the v e lo eity a z im u th p r o fi le a s fo llo w s :

t g 戊
V 心

厂
; 2

一 犷
。;

+ F
0 1

etg A口
,

V
叭

2 + 叭
l

Zc o s仪CO S△O
(2 )

w he r e 以 15 th e a n g le b e tw e e n th e w in d d ir e c tio n a n d the r a d a r be a m
.

T h e fl r st r e su lts w ith the

V A P te c hn iq u e sh o w th a t th e m eso se a le fe a tu re s e a n b e fo u n d in th e r etr iev e d w in d fi e ld (T a o

19 9 2)
.

H e n ee ,
the V A P te c h n iq u e m a y b e a su ita b le te eh n iq u e to d e r ive the m e so sea le w in d

fi e ld s fr o m sin g le D o PPle r r ad a r o b s e r v a tio n
.

In o r d e r to fu r th er e o n fi r m the fe a sibility o f sin g le 一D o PPle r r etr iev a l thr o u g h V A P
,

the er
-

r o rs o f w in d fi eld r et riev ed fr o m sin gle 一 an d d u a l一D o PPle r r ad a r o b se r v a tio n s w ill b e c o m Pa r ed

in this Pa Per
.

11
.

E R R O R D IST R IB U T IO N S O F D U A L一 A N D SIN G L E 一D O PPL E R R E T R IE V A L

1
.

D u a l-- D 口PPle r R e rr ie va l

Sin e e th e r e a r e n o o b s e r v a tio n d a ta o f a m es o s c a le w in d fi eld w h ic h c a n be u s ed to e x a m in e

the e r r o r o f th e re tr iev e d w in d fi e ld
,

th e e r r o r 15 u su a lly d ise u s se d by th e r et riev a l fo r m u la

the o r e tic a lly
.

T h e e rr o r d istr ib u tio n c a n b e g iv e n o n ly fo r a sim Ple w in d fi e ld (D o v ia k e t a l
.

19 7 6 )
.

T he q u a lity o f the w in d fi e Id r e tr ie v ed fr o m th e D o PPle r r a d a r m e a s u r e m en ts is u su a l1y

e x a m in e d by the e o m Pa r is o n o f w in d fi eld to the r ad a r ee h o d ist rib u tio n a n d in d iv id u a ls o u n d
-

in g d a ta (K o s c ieln y et a l
.

19 8 2 ; T a o 19 9 2 )
.

F o r the sim Ple w in d fi e ld s ,

the th eo re tie e rr o r d istr ib u tio n o f the d u a l一D o PPle r r e t rie v a l15

g iv e n in Fig
.

l (a ft e r D o v ia k e t a l
.

19 76 )
.

F o r th e w in d PerPen d ie u la r to th e d u a l一D o PPle r

ba se lin e (x 一a x is)
,

the e r r o r o f v c o m Po n en t 15 ve r y la r ge a r o u n d the b a se lin e
.

F o r th e w in d Pa r
-

a llel t o the b a s elin e ,
the e r r o r o f u e o m Po n e n t 15 in er e a sin g w ith the d ista n e e to th e ee n te r o f

b a selin e
.

O b v io u sly
,

it 15 b ee a u se th e b e a m s o f tw o r a d a r s a r e n ea r ly Pa r a lle lin th o se r eg io n s
.

A s

a r e s u lt
,

th e d iffe
re n c e o f D o PPle r v e lo c ity o f tw o r a d a r s 15 v e ry sm a ll

, a n d th e r e su lts o f



N o
.
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d u a l一D o PPle r r e t r ie v a l a r e ea lc u la te d m ain ly fr o m the n o ise o f D o PPler r a d a r o b se r v a tio n
.

5 0 ,

the e r r o r o fw in d fi e ld re tr iev e d fr o m d u a l一D o PPle r o b serv a tio n s d e Pe n d s o n the lo e a tio n o f th e

re trie v in g a r ea r ela tiv e to the r a d a r Po sitio n
.

Fo r e 0 IllPle x w in d fi e ld s ,

th e e r r o r d ist rib u tio n c a n n o t b e g iv e n b y a theo r e tie a la n a lysis
.

It

a ls o c a n n o t b e g iv en by th e r e a l ea se stu dy b e ea u se the re a lw in d fi eld 15 n o t a v a ila ble fo r e a lc u
-

la tin g th e e r r o r d istr ib u tio n o f the r etriev e d w in d fi eld
.

T he o n ly w a y to o b ta in the er r o r d istr i
-

b u tio n fo r the e o m Ple x w in d fi eld 15 by the sim u la tiv e re t rie v a l
,

in w hieh th e “

re a l
”

w in d fi eld 15

g iv e n a r tifi c ia lly
.

T he sim u la tiv e D o PPle r o b se rv a tio n s a r e ea lc u la ted fr o m the “ r ea l
”

w in d

2

众
(a )

F一9
.

1
.

H o r lz o n ta l d 一str lb u tio n o f the r e la tjv e er r o r o f the d u a l一D o PPIer r e triev a l o f a s一m Ple w in d fi e ld (a d a P ted fr o m

D o v ja k ] 9 7 6 ): (a )fo r u e o m Po n en t
,

(b )fo r F eo m P o n en t
.

T h e x 一a x is 15 the b a se lin e o f d u a l一D o PPle r r a d a r
.

T w o

r a d a r s a re lo e a te d a t x = + 1 a n d 一l
,

r esP ee tiv e ly
.

T h e ls o lin e s a r e the r a tio s o f th e sta n d a r d v a ria n e e o f the r e
-

t r lev e d v a lU es to th e o b se r v a tio n S
.

}}}{
,,

而而而两两
」」」!!! {铂铂

F 19
.

2
.

E r r o r d , str一b u tio n o f sim u la t : v e d u a l一D o PPle r re t r lev a l o f a c o m Ple x w in d fi e ld (a d a P te d fr o m K o n g 19 9 3 ): (a )

re la tiv e e r r o r o f w ln d v elo eity
,

(b) e r r o r o f w in d d ir ee tio n in d eg r e es
.

D o ts d e n o te the r a d a r lo e a tio n s T h e d is
-

t a n e e b e tw ee n tw o r a d a r s 15 10 0 k m
.
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fi eld s
.

H e n e e ,

the er r o r o f re tr ie v a l c a n be c a lc u la te d fr o m th e d iffe
r e n ee b e tw ee n th e “ r ea l

” a n d

re tr iev e d w in d fi eld s
.

K o n g (19 9 3 ) u sed the 3 5 X 3 5 g r id w in d d a t a fr o m a 3一D m eso sc ale

e o n v e c tiv e n u m e r ic a l m o d el a s th e “ re a l
”

w in d fi e ld
.

T he sim u la tiv e d u a l一D o PPler

m ea su r em e n ts a re e o n v er te d fr o m the r e eta n g u la r g r id
“ r e a l

”

w in d fle ld by in terP o la tio n
.

T he

d ista n e e be tw ee n tw o r a d a r s 15 10 0 km
.

T h e r e s u lts o f d u a l一D o PPle r sim u la tiv e r etr iev a l sh o w th a t th e e rr o r d istr ib u tio n s o f u a n d

v eo m Po n e n ts a re sim ila r to Fig
.

l
.

It m e a n s th a t th e fe a tu r e s o f e r r o r d istr ib u tio n fo r the e o m
-

Ple x w in d fi eld a re eo n sisten t w ith th e sim Ple w in d fi eld in the d u a l一D o PPle r re tr iev a l
.

Fig u r e Z

g iv e s th e e r r o r d istr ib u tio n s o f the w in d ve lo c ity a n d d ir ee tio n o f sim u la tiv e d u a l一D o PPle r

r e trie v a l
.

It e a n b e se e n tha t b o th a r e d istrib u te d sym m etr ic a lly a b o u t th e b a se lin e
.

T he a rea

w ith th e r e la tiv e e r r o r o f w in d v e lo eity Ie ss tha n 0
.

3 a n d tfi e a r e a w ith w in d d ir ee tio n e rr o r Iess

th a n 2 5
0 a r e a b o u t o n e fo u r th o f th e r a d a r se an a r e a

.

2
.

s in g le一D 口p p le r R e tr ie l, a l

A e e o r d in g to E q
.

(1)
,

the er r o r o f U W te c hn iq u e 15 o n ly r ela te d to the r e s o lu tio n o f

a z im u th
.

T he th eo r e tie e ale u la tio n in d ic a te s th a t the e r ro r o f th e ta n g e n tia le o m Po n en t re tr ie ve d

by U W te eh n iq u e w ill re a eh s m / 5 ev e ryw h er e w he n △O = 1
0 a n d the n o ise o f D o PPler

m ea su r e m e n t 15 0
.

2 m / s (H a g e n 19 8 9 )
.

Fo r the sin g le 一D o PPle r re tr ie v a l o f V A P te eh n iq u e ,

the e r r o r d is tr ib u tio n s o f the sim Ple

w in d fi eld s (u三0 a n d y
羊 0 )e a n b e ea le u la ted fr o m the fo llo w in g fo rm

u la (T a o 19 9 2 ):

d : 一 卫鑫

1 + x
-

d V
d (厂

: 2 + F
: 、

)

Ze o s义e o s△口
(3)

w h er e

叭
2 一 V

; ]

工 =
~

可下可
c tg △口

.

Fig u r e 3 15 th e e rr o r d istr ib u tio n s o f m er id io n a l w in d fi e ld w he n △8 = 1
0 a n d the n o ise o f

D o PPle r v e lo eity 15 0
.

2 m / 5
.

It ea n b e fo u n d tha t th e fe a tu r es o f er r o r d ist rib u tio n fo r

sin g le一D o PPle r r etriev a l a r e d iffe
r en t fr o m the d u a l一D o PPle r r etriev a l

.

T h e er r o r o f the w in d

ve lo c ity 15 sm a llin m o st a r e a ,

b u t v e ry la rg e a r o u n d th e x 一 a x is w he r e th e r a d ia le o m P o n e n ts a r e

elo se t o z e ro
.

T h is m e a n s tha t the er ro r o f w in d v e lo c ity 15 v e ry la r g e w h er e the w in d d ir e e tio n 15

Pe rPe n d ieu la r to th e r a d a r b e a m
.

T h e r ea s o n 15 th a t w h en the w in d d ir e e tio n 15 Pe rPe n d ie u la r to

the r a d a r b e a m
,

the D o PPle r ve lo e ity 15 v ery sm a lla n d the w in d v elo c ity 15 m a in ly r e triev ed fr o m

the n o ise o f D o PPle r v elo eity
.

T he e r r o r d is tr ib u tio n o f w in d d ir e e tio n (Fig
.

3 b) 15 d iffe
re n t fr o m the w in d v elo c ity

.

T he

d ir e c tio n e rr o r 15 v e ry sm a ll a r o u n d th e x 一 a x is
, a n d la rg e r a r o u n d th e 少一a x is

.

It m ea n s th a t the

e r ro r o f w in d d ire etio n 15 la r g er w her e th e w in d d ir eetio n 15 Pa r a lle l to th e r a d a r b e a m a n d the

r a d ia l v elo e ity 15 m a x im u m
.

T he r e a so n 15 tha t th e g r a d ie n t o f D o PPle r v elo e ity w ith a z im u th

(。Vr / 。口) 15 e lo s e t o z er o
.

Fig u r e 3 sho w s th e w in d v e lo eity re tr iev e d by V A P m etho d 15

u n a e e ePta b le o n ly in a v ery sm a llr e g io n , a n d the e rr o r o f the w in d d ir ee tio n 15 sm a ller tha n 30
0 .

H e n c e ,

the Pre eisio n o f sin g le一D o PPIer r etr iev a l by V A P m e th o d 15 sim ila r t o the d u al一D o PPle r

r etr iev a l
.

A s the e r r o r o f sin g le 一D o PPle r re tr iev a l d e Pe n d s o n the a n g le b etw e en th e w in d d ir ee
-

tio n a n d th e r a d a r bea m
,

b u t 15 n o t r ela ted to th e d ista n e e to th e r a d a r ,
th e e

ffe
c tiv e a r e a o f the

sin g le一D o PPle r re tr iev a l c o u ld c o v e r m o s t o f the r a d a r se a n r e g io n
.

It m e a n s th a t the
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3 5

3 0

2 5

吕
.

;

囊 鑫翼鑫
2 0

l5

D /

l0

(a )

3530202515105

呀~ ‘
岁一有一丫犷

‘

方一违犷一苍扩一有苦
0珍一分亘布边甘么写扩以岁么岁玉毖

F 19
.

3
.

E r r o r d ls t r lb u tio n o f sLn g le一 D o Pp le r r et r le v a l o f a szm p Ie w in d fi e ld by V A P m eth o d (a ) r e la tiv e e r r o r o f w ln d

v e lo e ity
,

(b ) e r r o r o f w in d d ir ee 之王o n ln d e g r e e
.

e

ffe
e tiv e a re a o f th e sin g le一D o PPle r r et riev al 15 la r ge r th a n th e d u a l一D o PPle r re tr iev a l

.

It h a s to Po in t o u t tha t A O m u s t b e n o t le ss th a n 1
0

in V A P te c hn iq u e
.

H en ee ,

th e sPa e e

r e so lu tio n o f r e tr ie ve d w in d fl e ld b y V AP m etho d 15 lim ited
.

B u t
,

the sPa ee r es o lu tio n o f

d u a l一D o PPle r re tr iev a l eo u ld b e im Pro v ed w ith the w id th o f r a d a r be a m
.

G en e r a lly
,

th e r es o lu
-

tio n o f sin g le 一D o PPle r r e triev al 15 1一3 k m
, an d 0

.

5一1
.

o km fo r d u a l一D o PPle r re tr iev a l
.

IJI
.

C O M PA R ISO N O F SIM U LA T IV E R E T R IEV A L B E T 从厂E E N S IN G L E 一 A N D D U A L一D O PPL E R

In o r d e r t o te st the e
ffe

c tiv e n ess o f sin g le一D o PPle r r e triev a l by V A P te eh n iq u e ,

th e

sim u la tiv e r e tr ie v a l15 e o n d u e te d b a se d o n the 3 5 X 3 5 r ee ta n g u la r g r id d a ta o f K o n g w ith l
.

o k m

g r id d is ta n c e o f the w in d fi eld s Pr o d u e ed by a 3一D n u m e rie a l m o d e l o f sev er e e o n v ec tio n
.

T h e

s lm u la tiv e m ea su r e m e n ts o f the D o PPler r ad a r w ith 0
.

3 3 3 km d ista n ee in te r v a l a n d 1
.

0 d e g r e e

a z im u th in te rv a l a re c o n v e r te d fr o m the r e e ta n g u la r g r id d a t a o f the w in d fi e ld thr o u g h

C re ssm a n in te rPo la tio n
.

T he sim u la tiv e r a d a r 15 sited a t the e en ter (18
,

18 ) o f the w in d fi eld
.

T he n ,

the w in d fi eld s a r e re tr iev ed by the V A P tee hn iq u e fr o m the sim u la tiv e D o PPler

】1 1e a sll re ln e n tS
.

F ig u re s 4 a a n d 4 d a r e the m o d e led a n d r etriev e d w in d fi e ld s a t 0
.

2 5 k m a n d th e 4 8 th m in u te

r esPec tiv ely
.

It ea n be see n tha t th e n o r th er ly ba c kg r o u n d w in d a n d tw o e o n ve r g e n t lin es a sso ei
-

a te d w ith e o n v e e tio n a re r e t riev ed su c eessfu lly
.

T h e e o n sid e r a b le d iffe
re n c e s b e tw e en th e r e

-

t riev e d a n d
“ r e a l

”

w in d fi eld s a re m a in ly in the w in d d ir ee tio n ,

lo e a ted n e a r th e e o n v er g e n e e lin e

a n d th e x 一a x is
.

C o m Pa rin g the d istr ibu tio n s o f r a d ia l v elo e ities o f F ig s
.

4 b a n d 4 c ,

w e fi n d tha t

e o n sid e r a b le w in d d ir e e tio n e r r o r s a r e lo e a ted a r o u n d the ex t re m e v a lu e o f r a d ia l v e lo eity a n d

th e r e g io n s w ith d en se e o n t o u rs o f r a d ia l v e lo eity
.

O bv io u sly
,

th e la rg er e r r o r o f d ire e tio n

a r o u n d the e x tr em e v a lu e o f r a d ia lv e lo eity is eo n sisten t w ith the fe a tu r e o f the e rr o r d istr ibu tio n

o f V A P tee hn iq u e (se e F ig 3 b)
.

T he la r g er e rr o r o f d ire c tio n in th e r eg io n s w ith d en se c o n to u r s

o f D o PPle r v elo e ity m a y b e d u e to the fa e t tha t th e n o ise o f D o PPle r v elo c ity 15 la r g er in tha t
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F ig
.

4
.

W in d fi e ld a t 0 2 5 km th e

P u t
,

(b ) r a d ia l e o m P o n e n t

r e t r ie v e d fr o m ( e ) by V A P

4 8 t h m in u te ( g r ld d is t a n e e 15 l
.

o k m )
.

( a ) 3 5 只 3 5 w in d v e c t o r s o f n u m e r ic a lm o d e l o u t
-

o f ( a ) in m / s
,

( c ) s im u la tiv e D o PP le r v e lo e i ty in t e rP o la t e d fr o m ( b )
,

(d ) w in d v e c t o r s

m e tho d

re g io n s
.

C o m Pa ri n g Fig
.

4 e w ith Fig
.

4 b
,

w e e a n fi n d th a t the sim u la tive D o PPle r ve lo e ity fi e ld

(Fig
.

4 b ) 15 n o t e x a c tly sa m e a s th e d is tr ib u tio n o f th e r ad ia l c o m Po n e n t o f
“ re a l

”

w in d
.

5 0
,

the

la r g e r n o ise in tho se r e g io n s m a y b e e a u s e d by th e in te rPo la tio n
.

I t 15 n e c e s sa r y to Po in t o u t th a t n o v e ry la r g e v e lo e ity o f r e t rie v e d w in d e a n b e fo u n d in

Fig
.

4 d
.

I t d o e s n o t m e a n th a t th e V A P te c h n iq u e d o n o t c a u se Ia r g e e r r o r in w in d v e lo e ity a n y
-

w he r e
.

I n fa c t
,

the e r r o r o f w in d v e lo e ity 15 v e ry la r g e n e a r th e z e r o e o n to u r o f D o PPle r v e lo c ity
.

N o v e ry la rg e v e lo e ity o f w in d e a n b e fo u n d in the r e t r ie v e d fi e ld o f Fig
.

4 d
.

T h is 15 d u e t o the

fa e t th a t th e ve lo e ity o fw in d s 15 fo r e e d a s a e e r ta in e x t re m e v a lu e w h e n th e r e tr i e v e d w in d v e lo c
-

ity 15 g r e a te r th a n a e r ite r io n
.
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(a )

0 5 10 15 20 2 5 3 0 0 5 10 15 2 0 25 30 35

F , 9
.

5
.

W
, n d fi e ld s a t 0

.

2 5 k m h eig h t r et rie v ed fr o m sim u la tiv e d u a l一D o PPler o b se r v a tio n (K o n g 19 9 3)
.

(a ) the 4 8 th

m in u te
,

(b )the 8 0 th m in u te
.

In o r d e r to c o m Pa re the re su lts o f the sin g le一 a n d the d u al一D o PPler r etriev a l
,

th e w in d

fi e ld s r e tr ie v ed b y d u a l一D o PPle r a r e gi v e n in F ig
.

5
.

F o r the w in d fi eld a t th e 4 8th m in u te ,

the

w in d fi eld s o f th e sin g le一 a n d the d u a l一D o PPler r etr iev al a r e v ery sim ila r
.

Fo r th e w in d fi e ld s a t

the 8 0 th m in u te
,

th e r esu lt o fthe d u a l一D o PPle r r etriev a l is be tte r th a n tha t o f the sin g le一D o PPI
-

e r r e tr ie v a l (g iv e n in Fig
.

6 )
, esPe e ia lly in w in d d ir q ee tio n

.

T he d u a l一D o PPle r r e tr iev a lw a s q u ite

g o o d be c a u se the b a se lin e o f sim u la tiv e d u a l一D o PPle r 15 e o n sid er a b ly lo n g er th a n the le n g th o f

th e re tr iev e d w in d fi e ld (10 0 k m a n d 3 5 k m re sPee tiv ely) a n d the re tr iev a l r e gio n 15 lo ea te d o n

th e re g io n w ith sm a ller d u a l一D o PPler re tr ie v a l e r r o r
.

T h e c o m Pa r is o n b e tw ee n Fig
.

5 a n d Fig
.

4 d a n d Fig
.

6 d a ls o sho w s th a t the e
ffe

e tiv e d u al一D o PPler r etr ie v al a r ea w ith sm a ll er r o r 15 c o n
,

sid er a bly sm a ller th a n th a t th e sin g le 一D o PPle r r e tr iev a l
.

T he re a so n 15 th a t th e d u a l一D o PPle r

re tr iev a l ea n o b ta in be tte r r esu lts o n ly w he n th e be am o f o n e ra d a r 15 n e a rly Pe rp e n d ie u la r to

a n o th er
.

IV
.

C O N C L U S IO N S

A ee o rd in g to th e a n a lysis o f the e r r o r d istr ib u tio n s a n d the c o m Pa riso n o f the w in d fl eld re
-

tr ie v ed fr o m th e sim u lativ e sin g le一 a n d d u a l一D o PPle r r a d a r m e a su r em e n ts
,
the c o n e lu sio n s a re

a s fo llo w s :

(l) T h e e r r o r o f d u a l一D o PPler re triev a l d e Pen d s o n th e lo c a ti o n o f the r etrie v in g re g io n r e l
-

a tiv e to th e r a d a r Po sitio n
.

T h e r e a r e tw o e
ffe

e tiv e r eg io n s w ith sm a lle r e r r o r ,
the r ela tiv e e r r o r

o f w in d v e lo e ity le ss th a n 0
.

3 a n d th e d ir ec tio n e rr o r less tha n 2 5
“ ,

lo c a te d sym m e tr ie a lly a b o u t

th e b a se lin e o f d u a l一 r a d a r T he a r ea o f tw o e
ffe

e tiv e d u a l一D o PPle r re tr ie v a lre g io n 15 a b o u t o n e

fo u r th o f the r a d a r se a n a r ea
.

T h e sPa c e re s o lu tio n o f the r e tr ie v ed w in d fi eld fr o m d u a l一D o PPI
-

e r m e a su r e m en ts e o u ld r ea e h 0
.

5 km
.

H e n c e ,

the d u a l一D o PPle r r e tr ie v a lc a n b e u se d to a n a lyz e

th e m eso sea le system in th e e
ffe

e tiv e r e tr ie v a lr eg io n s d u rin g th e fi eld ex Pe rim en ts
.

(2 ) T he e r r o r o f th e sin g le一D o PPle r r etriev a l by V A P tee hn iq u e d ePen d s o n th e a n g le be
-

tw e en the w in d d ir e etio n a n d the ra d a r b e a m
.

T h e e rr o r o f the re tri ev ed w in d v elo e ity 15 la r g est
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F xg
.

6
.

Sa m e a s F i g 4
,

b u t fo r th e 8 0 th m i n u t e
.

w h e r e the w in d d ire c tio n 15 Pe rPe n d ic u la r to th e ra d a r b e a m (i
.

e
.

a r o u n d th e z e r o c o n to u rs o f

D o PPle r v e lo c ity) ; th e e r ro r o f re tr ie v e d w in d d ir e e tio n 15 la r g e s t w he re th e w in d d ir e c tio n 15

Pa r a lle l to the r a d a r b e am (1
.

e
.

a r o u n d the e x t re m e o f D o PPle r v e lo c ity)
.

F o r t h e m o st Pa r t o f

th e r a d a r s e a n re g io n ,

th e Pr e e isio n o f th e s in g le 一D o PPle r r e tri e v a l (V A P m e tho d ) 1
5 e lo s e t o th e

d u a l一D o PPle r r e t r ie v a l
.

H e n e e , th e V A P m e th o d o f s in g le 一D o PPle r r e t rie v a l15 s u ita ble fo r the

o Pe r a tio n a l u s e o n th e a n a lys is o f a m e so s c a le w in d fi e ld
.

It a lso e a n b e u s e d a s a su PPle m e n t al

m e th o d in fi e ld e x Pe r im e n ts
.

T h e a u th o r 15 I n d e b t e d t o D r
.

F
.

Y
.

K o n g fo r h l s g r一d d a t a o f t h e n u m e r ze a lm o d e l w i n d fi e ld
.

a n d to P r o f
.

J
.

E g g e r

o f th e U n iv e r s i ty M u n e h e n fo r r e v le w zn g th e m a n u s e r iPt
.
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D o v la k
,

R
.

J
.

,

R a y
,

P
.

5 S tr a u eh
,

R
.

G
.

a n d M lller
,

L
.

J
.

(19 7 6 )
,

E r r o r e stim a tio n in w ln d fi e ld s d er lv e d fr o m

d u a l一D o PPler m e a su r e m e n t
,

J
.

APP I
.

M
e t e o r 15 : 8 68一 8 7 8

.

H a g e n M
.

‘19 8 9 )
,

R e trie v a l o f w in d fi e ld s fr o m a D o PP]e r m e a su re m e n ts o f a sin g le r a d a r a n d a Pp lie a tio n o n a e o ld

fr o n t w ith n a r r o w r a in b a n d
,

Ph
.

D
.

Th
e s 沽 oj

、

rhe U n 厂ve r sit-v M
u n c ho n

.

K o n g F a n yo u f19 9 3 )
.

Sru d y o f d u a l一D o PP le r re t rie v al fo r s t o rm w l n d fi eld
,

Th
e s站 oj P o s r D o c ro r 砚f P ek in g

U n i、
,
召r s ir飞

,

(In C h 一n e se)
.

K o s c 一e ln y
,

P
.

,

D o v la k
,

R
.

J
.

a n d R a b in
、

R
.

( 19 8 2 )
,

S ta tis t一ea l e o n sid e r a t一o n 一n the e stim a t一o n o f d lve rg e n e e fr o m

5 in g le一 D o PPle r r a d a r a n d a PPjie a t , o n to P r es 支o rm b o u n d a ry一]a ye r o b ser v a tlo n s
,

J
.

APP I M
e ze o r 2 1 : 1 9 7一 2 1 0

P e r sso n
,

E
.

0
.

G
.

a n d A n d e r sso n
,

T
.

(19 8 7 )
.

A r e a l tim e system fo r a u to m a tie sin g le Pu lse D o PP le r r a d a r
,

S M H I

P R O MIS R eP o r zs
.

T a o Z u yu (19 9 2 )
,

T he V A P m e th o d ro re tr lev e the w ln d v e et o r fi e ld b a sed o n sin g le一D o PPle r v elo eiry fi e ld
,

A e ta

M e re o r
.

S in
.

,

5 0 : 8 1一9 0 (in C h in e se )
‘


