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l d
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s
m

a ll 一 se a le fl o w s a n
d

o th e r u s e r s o f t h e
D

o P P le r

r a d a r P r o d u c ts
.
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e
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,
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n
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e
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r o

P
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一 q u a n tita tiv e e o n e e P tu a l m

o
d

e
l

.
T h is

P a P e r
d

e s e r ib
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f th e P e r t u r

b
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o n
fi

e ld
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f

v o r tie it y a n d h o riz o n ta l c o
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m
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e s e r ie s o f o b
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f
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w h i
e

h d

e
P

e n
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u
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o n t h
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s e

m i
一q u a n tit
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lim ite d
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.

T h e P o te n tia l o f th e
m

e th o d 15 d
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o n s tr a te d
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T h e r e t r ie v a l m
e th o

d P r e se n te d h e re w ill b
e te s te d in s

im
u la te d e o n v e e tio n u s

i
n g a 3 一

D

c lo u d m
o d e l

.
T h e a d v a n t a g e o f th is a P P ro a c h 15 t h a t t h e a e tu a l w i

n d fi
e ld 15 e o

m P le te ly k n o w n
.

T h
u s a n u

m b
e r o

f
s e n s

iti
v

ity te s ts e a n
b

e r e a d ily P e r
fo

r
m

e d a n
d th e r e s u

lt
s e a n

b
e c o

m P a r e
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th e k n o w n tr u th

.

T h e
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m
a th e
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a tie a l s P e e ifi e a t io n o f t h e p r o b le m

,

d

e s e r

i b

e t
h

e r e t r
i

e v a
l
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u a t i
o n s

,

t h
e

m

e t h
o

d

o
f
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u t
i

o n
,

s

i

n
g l

e
P
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i

n
g

a n

d

s
h

o
w

r e s u
l t s

.

T h
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s e c t i

o n o u t l i
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P
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e t
h

e
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e t
h

o
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o
P
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o n a
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.

1 1

.

S P E C I F I C A T I O N O F T H E C O N C E P T U A L M O D E L

1

.

P h 多
,
s

i
e a

l C
o n c e

P l i
o n

L
e t u s e o n s

i d
e r

l
o

w
e

l
e v a t i

o n a n
g l

e s 5 0 t h
a t t h

e
D

o
P P l

e r v e
l
o e

i t y
e a n

b
e a s s o e

i
a t e

d w i
t
h

t h
e

r a
d i

a
l

v e
l
o c

i t y
( Vr )

o
f t h

e
h

o r
i
z o n t a

l w i
n

d fl
e

l d

.

T h
e n
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l
a t i

o n s
h i p b

e t w
e e n t h

e

t a n
g

e n t
i

a
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v e
l

o c

i
t y

,

嵘
and Vr 15 needed fo r the retrievalofthe horizontalw ind field
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p p
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o
l d

·

O f
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t

i

e u
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i
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t
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t

h

e r e

1

5
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e e o r r e

l

a
t

i

o n o
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l d
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d d i

v e r
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e n e e
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D
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i

n

c o n v e e
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i
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i
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u a
t
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o n s

.
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o
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t h

e
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t
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m b
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e
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t

i
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t
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a s
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h

e o r e
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l l y

(

L i l l y 1 9 8 6

)
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o
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u r e
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i

t
h

d

u a

l
D

o

p p l
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d

a r

(

R

a

y 1 9 7 6
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.

H

o
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e v e r
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a r e

l
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i

o n s
h i P b

e t w
e e n

C

a n
d D

e s t a
b l i

s
h

e s a r e

l

a t
i

o n s
h i P b

e t w
e e n t h

e

d
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i
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v e s
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d 叽
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d
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1

5 n o t s u
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e
i

e n t t o r e t r
i

e v e

叽
unless either boundary eonditions are

sPeeified or a fu netionalfo rm
15 assum ed fo r the w ind field

.
B ased on the above observational

fa cts and theoreticalfindingsa closed equation set15 established fo rretrieving 叽
·
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.
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o n v e c
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e c o n v e e
t

j

o n s

i
t

u a
t

i

o n

w

a s s

i
m

u

l

a
t

e

d

u s

i

n

g
t

h

e

S
t

e

i

n e r 一Y a n
m
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T h
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e l u s e d h e r e ,

d
e s e r

i b
e

d b y Y
a n a n

d M i
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a u
d

(
1 9 8 2
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t s t h

e s
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u
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e
l d

o
f

c

l

o u

d

s

i

n

i
t

i

a
t

e

d b y
a r a n

d

o

m h

e a
t i

n
g

a t g
r o u n

d

s u
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f t
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3 2
X

6 k m d
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i d
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.
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n t h

e
C

a r t e s
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a n e o o r
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n a t e s
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e
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v e r t
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e a
l

v o r t i e i t y 心15 in th e fo rm
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vortieityassoeiatedwiththehorizontalwindshear
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.
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d t h

e v o r t i
e

it y g i
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o n o
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.
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e r
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i
o n o

f t h
e

w i
n

d
s

h
e a r a n

d
t
h

e c o r r e s
P

o n
d

e n e e

o
f

v o r t i
c

i
t y m

a x
i m

a t o t
h

e r e
g i

o n
w h

e r e
d i

v e r
g

e n e e e
h

a n
g

e s r a
P i d l y w i

t
h d i

s t a n e e
.

F i g
u r e

Z

s
h

o
w

s t h
e e o r r e

l
a t

i
o n e o e

ffi
e

i
e n t P b

e t w
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It 15 im P o rta n t to d esig n a retrie v a l e q u a tio n b a sed o n th e sem i一q u a n tit
a tiv e e o n e e P t u a l

m o d
e
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.
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a
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k
n o w n

b o u n
d
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o n s
.

U s u a
lly

,

i
t

1

5 a
T

a
y l

o r 一 F o u r ie r e x p a n s
i
o n o

f ( u
,

V)

a s

fu

n e t i
o n o

f
(

x

,

少)

w ith ra d a r sta tio n lo e a ted a t th e ee n ter (L
a ro e h e a n d Z a w a d zk i

,

1 9 8 8
)

.
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e r a
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o n
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b l

e
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d 1
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一
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r
m in lim ite d r e g io n s

.
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.
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J r

Z O V

I一r

一一
、.尹

D甲

。 Z
F

一一丁一 一 r

—, , 。
o r

d 、尸

竺 + 仪B r
一一竺

Jr O 切

匀 F

。 Z r 犷 O厂 V

。 Z r 厂

一 一 ;

一
一

一
十 : B

一
一 :

Br 一不牛
J毋 0 厂习(D 习犷 、 , -

气夕 ,

( 5 )

A l l t
h

e v a r
i

a
b l

e s
i

n
E q

.

(
5

)

a r e t r a n s

fo

r

m

e
d i

n t o
w

a v e n u

m b
e r

d

o

m

a
i

n t h
r o u

g h F
o u r

i
e r e x

P
a n

-

s

i

o n a s a

fu

n c t
i

o n o

f

a z
i m

u t h
(
沪)

a n d ra d iu s
(
r
)
.

V = y v e ‘

呱
『 十 乙。动

甲
一

甲 阴 月

用人

V

m h e f
(
L , r + L ‘ 甲

)
,

V艺耐

r V
;
一 艺(R V), * e “L , r + 乙* 甲, r 一 艺

;, e “L
, r + 乙 * , ,

1

r 二 艺(厂s
)
, e ““ 尹r ‘ 乙 * ·,

,

A 一 艺A , e “L 了r ‘ 乙 无 , ,

B 一 艺B , e “‘ ?r + 乙 * ” B : ’ 一 艺(B:), e “乙
, r

“
*·,

w h
e r e L 二

户

2 兀 _
2 兀

,

—川
、

L

.

~

—
九

,

L

么r ”
△甲

2 兀 _

= 1 了 ]
,

L

。

进工 f 几

八r a n d A 甲 a r e t h e s iz e s o f th e d o
m

a in fo
r

F o u rie r tr a n s
fo

r
m

.
m

,

h

,

丈k are w aven um bers of the co rresPo nd ing variab les in w avenu m ber

dom ain fr o m 一
(M

一 l ) / 2 to
(M

一 l ) / 2 a n
d fr o

m
一

(N
一 l ) / 2 t o

( N
一 l ) / 2

,
r e s

p
e e t

i

v e
l y

.

M

a n
d N

a r e t
h

e

m

a x

i m

u

m d i
s e r e t e s a

m P l
e n u

m b
e r s

i

n

b

o t
h

r a n
d 中 d iree tio n s

.

W
e :ep la ee n o w a v a ria b le in E q

.
(5 ) b y its F o u rie r co e

ffi
e ien t

.
B y v irtu e o f o rth o g o n a lity o f

F o u rier eo m p o n en ts ,

t h
e t r a n s

fo

r

m

o
f

a
P

r o

d

u e t t e r

m 1
5 r e

P l
a e e

d b y t
h

e e o n v o
l
u t i

o n o
f t h

e t w
o



,

N

e x
t

,

w
e s e t t h

e e o e

ffi

e

i

e n t o

f

e a e
h h

a r

m

o n

i

e e
q

u a
l t o z e r o

b y
o r t h

o
g

o n a
l i

t y

.

T h

e

fo l l
o

w i
n

g
e

q
u a

ti

o n

1

5 o

b
t a

i

n e

d

:

艺〔
一 ; 。 一 ; * 一 、 一 ,: * : B 。 一 , * 一 * +

(
‘L *

)
’ , A

胡 一 ; * 一 * 一 ‘L 。
(
; s

)
。 一 , * 一 、

、 ‘2: 用
:

* :
(
。·

)
, 一 ; * 一 *

〕
V。

,

,

一 艺iL *;。 一 , * 一 ; , ; , 十 艺〔一 iL
。 乙*

。
, 一 , * 一 *

+ , : 。 : 。 。 一 , *
一 、 一 (‘:

用
)

’ :
(
。;

)
。 一 ; 方 一 、

]
(
R V

)
,

·

(

6

)

W

h

e n

i
m

一
j l > ( M

一 l ) / 2 o r
lh

一k l > ( N
一 l ) / 2

,

A
, 一 , 、一、 , r , 一 , 。一* e t e

.

w i l l b
e o u t o

f
r a n

g
e

,

t h
e

e o r r e s
P

o n

d i

n
g

c o e

ffi

e
i
e n t 1

5 e
q

u a
l t o z e r o

.

T h
e a

b
o v e e

q
u a t i

o n
1

5 a s e t o
f m

u
l t i

v a r
i

a t e
l i

n e a r e
q

u a t i
o n s

,

w h i
e

h i
n e

l
u

d

e a
l l t h

e
F

o u r
i
e r

c o e

ffi

c
i
e n t s o

f 叽
as unknow ns

·

T h

e n u

m
b

e r o

f

e

q

u a
t

i

o n s

1

5 e

q

u a

l

t
o

M

X

N

·

Vr

c a n

b

e

m

e a s

-

u r e

d d i

r e c
t

l y
b

y
t

h

e r a

d

a r a n

d

o
t

h

e r s a r e

k

n o

w

n v a r

i

a

b l

e s e x c e

p
t 叽

·

“ 15 a c o n s t a n t t h
a t s h o u ld

b e a d j
u s t e d i n e x a

m i
n a t i o n

fo
r a b e s t e s t i m

a t io n o f 叽 field
·

I V

.

S I G N A L P R O C E S S I N G

S

im

u

la

t
e

d D

a
z

a

i

n

P

o

la

r

C

o o r 口in a te s夕‘te m

S i m
u l a t e d d

a t a i n P o l a r e o o r d in a t e e a n b e
d

e t e r
m i

n e d b a s e
d

o n t h e e l e v a t i o n a n g le
,

t h
e a e

-

c u r a e
y

o
f

s
i m

u

l

a t e

d d
a t a

i

n

C

a r t e s
i
a n e o o r

d i

n a t e
i
n s

P
a e e

d

o

m

a
i
n

,
a n

d t h
e r a

d

a r a n t e n n a
b

e a
m

w i d
t h

.

A
s s

h
o

w
n

i

n

F i g

.

l

,

i t 1
5 a n a

d

v a n t a
g

e t
h

a t t h
e

w i
n

d fi
e

l d

o
f t

h

e
3

一
D

e lo u
d m

o d e l u s e
d fo

r

th e P r e s e n t s tu d y 1
5 a t 3

.
7 5 k m l

e v e
l

,
a n

d
t h

e r e

fo

r e
i t 1

5 n e e e s s a r
y t h

a t w
e s e t t h

e e e n t e r o

f
t h

e

s
i m

u

l

a t e

d d
a t a a t l

e a s t a t 2 1 k m

a
w

a
y fr

o

m

e e n t e r o
f P

o
l

a r e o o r

d i
n a t e a s

A

,

B

,

C

,

D

s
h

o
w

n

i

n

F i g

.

3

,

1

.

e

.

尺> 2 1 k m
.
It m a k e s th e h ig h e st elev a tio n o f a n ten n a se a n n in g a b o u t lo o

,
a n

d k
e e

p
s

v e
l
o e

i t y d

a t a
fr

o

m b

e

i

n
g

e o n t a

m i
n a t e

d b y t h

e

fa l l i
n

g
s

P
e e

d

o
f h y d

r o

m

e t e o r s

.

W
i

n

d

v e
l

o c
i t i

e s
w

e r e
i
n t e r

p
o

l
a t e

d fr

o

m
t h

e

C

a r t e s

i

a n

( m

o

d

e
l

o u t p
u t

)

t o t h
e

p
o

l
a r

e o o r

d i
n a t e s

b y
a

b i l i

n e a r
i
n t e r

p
o

l
a t i

o n u s

i

n
g t h

e s
i m

u
l

a t e

d

a

ft

e r t h
e

d
o

m

a

i

n e x t e n s
i

o n a s
A

/ ,

B

‘,

C

, ,

D

, s
h

o
w

n
i
n

F i g

.

3

.

T h
e

w i
n

d
v e

l
o e

i t i
e s t

h
u s o

b t a
i
n e

d
e a n

w
e

l l
r e

p
r e s e n t r a

d i
a

l
v e

l
o c

i
t i

e s

m
e a s u r e

d b y
a s

i
n

g l
e

D
o

P P l
e r r a

d
a r

.

T
o

m
a

k
e a e o n v e n

i
e n

t
u s e o

f F F T

,

t h
e s

i m

u
l
a t e

d w i

n

d fi

e
l d

n e e

d

s t o
b

e t a

k

e n
i
n a

fa

n 一 s
h

a P e d s e e to r a s E F G H s h o w n
i
n F ig

.

3
.

G
r
id

s iz e in th e
fa

n r e g i
o n w a s

d
e t e r

m in e
d b

a s e d

o n th e r e so lu ti
o n o

f th e r a d a r a n te n n a
b

e a
m

a n d g r id
s
i
z e o

f th e
m

o
d

e
l

o u tP u t in C a r te s
i
a n

e o o r
d i

n a te
.

R e s o lu tio n o f r a
d

a r a n te n n a b e a
m

a n
d

a e e u r a e y o f sim
u la te d d a t a in s P a c e d o

m
a in

,

1

.

e

.

s
i

z e o
f

s a

m P l i
n

g i

n a z

i m

u t h

,
a t l

e a s t

,

1
5 e

q
u a

l t o o r
g

r e a t e r t
h

a n
4 6

,
s

h

o u
l d b

e

m

e t a s

s
i m

u
l t a n e o u s

l y
a s

p
o s s

i b l
e

.

Z
a

w
a

d
z

k i
(

1 9 7 3
)

p
o

i

n t e
d

o u t t h
a t

i

n a t t e

m p t i
n

g t o
d

e

fi

n e t h
e r e s o

l
u

-

t i
o n o

f t h
e r a

d

a r

b

e a

m

o n e

fo

u n
d t h

a t a
b i l i t y t o

d i
s t i

n
g

u
i

s
h t w

o

fe

a t u r e s
i

n t h
e

w
e a t h

e r s
y

s t e

m

d

e
P

e n
d

e
d

n o t o n
l y

o n t h
e e

h
a r a e t e r

i
s t i

e s a n

d
t h

e s e
P

a r a t i
o n o

f t h
e

fe

a t u r e s

b

u t a
l
s o o n t h

e

m

e a s u r e

m

e n t P
r e c

i

s

i

o n a n
d t

h

e
P

r o

m i
n e n e e o

f t h
e

fe

a t u r e
w i t h

r e s
P

e c t t o t h
e

b

a e

k g
r o u n

d

w
e a t h

e r

.

T h
e

h
a

l 卜P ow er beam w id th 15 a g ood m easu re of the reso lutio n o f the rad ar beam
.

A eeord ing to G u etal
.
(19 86)

,

w h
e n

w
e a t h

e r e e

h

o
1
5 s a

m p l

e

d

o n o n e t h i
r

d

o

f

a r a

d

a r

b

e a

m w i d
t h

i
n a z

i m

u t h

,

t h

e
q

u a

l i
t y

o

f

e e

h

o
P i

e t u r e o

b
t a

i

n e
d 1

5

m

o r e s a t
i

s

fa

c t o r
y

.

T h

e r e

fo

r e
,

i f
t h

e r a
d

a r
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天
t
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训
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/
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产产 二
,

口

F ig
.
3
.
S im u la t e d d a t a in P o la r e o o r d in a te s y s t e m a n d P e r io d ie e x t e n s io n o f d o m a in

b e a
m w i d t h e q u a l s t o o n e d e g r e e s ,

i

n
F i g

.

3

,

t h
e a n

g l
e

A O C

,

m

u s t
b

e
g

r e a t e r t h
a n a

b
o u t 1 5

0 .

2

.

G i b b

, 5
P h

e n o 川en o n a n d Fl’lter动g

In o rd e r to so lv e (6) fo r d ise re te w a v e n u m b e rs
,

o
p

e r a t i
o n s s u c

h
a s e o n v o

l
u t i

o n a n
d

d i

ffe

r e n t i
a t

i

o n a r e r e
q

u
i

r e

d

.

T h i

s

m

a

k

e s

i
t a n o n t r

i

v

i

a

l
t a s

k t o

m i
n

i m i
z e t h

e

i m P
a e t o

f
t h

e

G i b b

’ 5
P h

e n o
m

e n o n
,

w h i

e
h 1

5

i

n
h

e r e n t
i

n t
h

e

d i

s e r e t e s
P

e e t r a
l

a n a
l y

s e s

.

I
n r e

g i
o n s

w h

e r e s

i g
n a

l

s

e x
h i b i

t d i

s e o n t i
n u

i t i
e s

,

fo

r e x a

m P l
e

,
n e a r

b
o u n

d
a r

i
e s a n

d
a t t h

e o r
i g i

n o
f t h

e
P

o
l

a r e o o r
d i

n a t e s
,

o r e v e n

j

u s t
i

n a

b

r u
P t v a r

i

a t
i

o n s o

f
t

h

e

fi

e

l d

,

t
h

e t r u e s t r u e t u

re

o
f t h

e
w i

n

d fi

e

l d 1

5 s e r

i

o u s
l y d i

s

-

t o r t e

d

.

T h i
s e

ffe

e t

,
e a n e a u s e r

i P P l
e s

i

n

fi

e
l d

s a n
d m

a
y

a

l

s o a

ffe

e t t
h

e a

m p l i
t u

d

e o

f

e x t r e

m

e

.

T
o r e

-

d

u e e
t h

e

G i b b

’ 5
P h

e n o
m

e n o n
,

d i

ffe

r e n t
fl l t

e r

i

n
g t e e

h

n
i q

u e s

h

a v e

b

e e n a
P P l i

e
d

t o o u r n u

m

e r

i

e a

l

s e
h

e

m

e

.

I t w
a s

fo

u n
d t

h

a t t
h

e
i d

e a
l fi l

t e r a n

d H
a n n

i
n

g w i

n
d

o
w

,

w h i

e

h

a r e o

ft

e n u s e

d i
n n u

m

e r
i

-

e a
l

a n a
] y

s e s a n

d d i g i t
a

l
s

i g
n a

l P
r o e e s s

i

n
g

,
c a n n o t e

ffe

e t i
v e

l y
s o

l

v e t
h

e
P

r o b l

e

m

.

B
u t t

e r
w

o r t
h

(
B

W )

a n

d

e x
p

o n e n t i
a

l fi l t e r a r e

m

o r e e

ffi

e
i
e n t b

u t s t i l l
n o t s a t

i

s

fa

e t o r
y i

n

d

e a
l i

n
g w i t h

s u

d d

e n

j

u

m p
s n e a r t

h

e
b

o u n

d

a r
i
e s

.

M

o r e o v e r
,

t h
e

l
a t t e r

g
r o u

p
o

f fi l t e r s s
i g

n

i fi
e a n t

l y
r e

d
u e e t h

e

a

m P l i t u

d

e s o

f
t

h

e s

i g
n a

l

.

F i g
u r e

4 i l l
u s t r a t e s t h

e

G i b b

, 5
p h

e n o
m

e n o n
i
n t h

e v o r t
i
e

i t y fi
e

l d
e a

l
e u

l
a t e

d b y

d i
s e r e t

i
z a t

i
o n a

l g
o r

i
t
h m

s a n
d i

t s
d

a
m P i

n
g t h

r o u
g h d i

ffe

r e n t fi l t e r s
.

F i g
u r e

4
a c o r r e s

P
o n

d
s t o a

s e c t
i
o n a t r = 2 8 k m i

n
F i g

.

l b
a n

d
s

h
o

w
s t h

e v o r t
i
e

i t y fi
e

l d
e a

l
e u

l
a t e

d fr
o

m
t h

e
F

o u r
i
e r e x

P
a n

-

s
i
o n o

f w i
n

d
e o

m p
o n e n t s

,

(

。 , ,
) i

n C a r t e s i a n c o o r d i n a t e s

F i g
u r e 4 b 1

5 a s F i g
.

4 a e x c e p t fo
r v o r t i

e
i t y fi

e l d e a l c u
l
a t e d b y E q

.

( 2 )
u s

i
n g s

i m
u

l
a t e d d

a t a
.

I n F i g

.

4 a s o l i d
e u r v e r e P r e s e n t s t h e u n

fi l t
e r e

d fl
e l d

,
a

d

a s

h

e u r v e s

h

o
w

s t
h

e

re

s u

l
t w i t h 4 t h
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4

.

G i b b
, 5 p h

e n o
m

e n o n a n
d fi l t i

n
g

.

T h
e 5 0

1
一
d l

ln e r e
P

r e se n ts th
e o rl

g i
n a

l fi
e

ld
s
.

T h
e

d
o t te d 1

1n e s
h

o
w

s th
e r e s u
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i

v e

l y

.

A ft

e r t h i
s t r e a t

m

e n t

,
a

l l t h
e v a r

i

a
b l

e s
i

n t h
e r e t r

i
e v a

l
e

q
u a

t i
o n a r e a s s u

m

e
d t o s a t i

s

fy

t h
e



,

w h
e n t

h

e
P

a r a

m

e
t

e r s o
f

t h
e

w
e

i g h t i
n

g fu

n e
t i

o n a r e
p

r o
p

e r
l y

s e
l

e c
t

e

d ( N
= 6

,

R
。 = 3 0 i

n o u r e x a
m p l e )

,

t
h

e s a

m

e r e s u

l
t s e a n

b

e o
b t a

i
n e

d fr
o

m
t h

e t w
o

b
o u n

d

a r
y

e x t e n s
i

o n

m

e t h
o

d

s

d i

s e u s s e
d

a

b

o v e

.

I
t

1

5 s e e n

fr

o

m
t

h

e

fi g

-

u

re
t h

a t t h
e

b

o u n
d

a r
y

e x t e n s

i

o n r e

d

u e e s t h
e

G i b b

’ 5
p h

e n o
m

e n o n
i
n t r o

d
u e e

d b y b
o u n

d
a r

y p
r o

b

-

l
e

m
s

: t h
o s e

i
n t r o

d
u e e

d b y
a

b
r u

P t s
i g

n a
l

e
h

a n
g

e r e
m

a
i
n t o

b
e r e s o

l
v e

d b y t
h

e
fi lt

e r
i
n

g t e e
h

n
i q

u e
.

4

.

s
im PI

艺应arion of E 叮u a tio n s

A ft e r th e d a ta p ro e e ssin g
,

t h
e r e t r

i
e v a

l

e
q

u a t i
o n

(
6

)

e a n

b

e s o
l
v e

d i
n

P
r

i
n e

i P l
e s

i
n e e

i t s

c o e

ffi

e
i
e n t

m

a t r
i

x
1
5 n o n 一s

i
n g u la r

.
It 15

,

h
o

w
e v e r

,
e o

m P
u t a t i

o n a
l l y

e x
P

e n s
i

v e
w i t h l i t t l

e
P

r a e t i
e a

l

v a
l

u e

i

n o
P

e r a t
i

o n a

l

a n a
l y

s e s

.

I
n

fa

c t

,

t
h

r o u
g h d

e t a
i l

e
d d i

a
g

n o s e s

i
t e a n

b
e

fo

u n

d
t

h

a t

,
e x e e

P t

w i
n

d
s

,

t h
e e x

p
r e s s

i
o n o

r m

a n
y t e r

m

s
,

s u e
h

a s 刀r,
r Z … in the eq uatio n ,

t a

k

e r a t h
e r s

i m p l
e

ro

r

m

s

o
f

fu

n e t i
o n

w i t h
a

p P
a r e n t fr

e
q

u e n c
y P

a t t e r n
,

a n

d
t h

e e o r r e s
P

o n
d i

n
g

s
P

e e t r a
l

s t r u e t u r e
1

5 u s u a

l l y

a r o
w

o r a c o

l

u

m

n
,

m

a
i

n
l y

e o n e e n t r a t e
d

a r o u n

d
t h

e

m

e a n v a

l

u e s

.

A m

o n
g

a

l l
t h

e t e r

m

s

i

n t h
e

e
q

u a t i
o n

,

t h
e

m

a
g

n
i t u

d

e o
f t h

e

m

e a n
1

5 a t l
e a s t t w

o o r
d

e r s o
f m

a
g

n
i t u

d
e

b i g g
e r t h

a n o t h
e r e o

m

-

P
o n e n t s

.

T h
e r e

fo

r e
,

a
l l t h

e o t h
e r t e r

m

s e a n
b

e o

m i t t e
d t o t

h

e
fi

r s t a
P P

r o x
i m

a t i
o n

i
n t h

e
l
e

ft h
a n

d

s
i d

e o
f E q

.

( 6 )

,
e x e e

p t t h
o s e

w i
t h

(
用一

j
= 0

,

h 一k = 0 )
a n d (j

= 0
,

k = 0
)

,

w h i
c

h
r e

p
r e s e n t t h

e c o n

-

t r
i b

u t i
o n

fr
o

m
t h

e

m

e a n

.

T h
e r e

fo

r e
,

E q

.

(
6
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e a n

b

e
w

r
i t t e n a s
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。

)

’二
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;
)
, 一 , * 一 *

〕(R V )
;、 ·

(

9

)

A

s
t

h

e s e e o n

d

a r

y

a

p p

r o x

i
m

a
t

i

o n

,
s a

m

e t o t h
e r

i g h
t h

a n

d

s

i d
e o

f E q

.

(
6

)

t h
a t c a n

b
e

w
r

i t t e n a s

fo l l
o

w
s

T h
e

l
e

ft h
a n

d
s

i d
e o

f E q

.

(
9

)

e
q

u a
l

s :

一 iL 0 r o,

o
v

; 用
,

h
+

+ 〔一 iL

〔一 i: 。 : * : , 。
,

。
+ i :

二 : 丑 。
,

。 一 (i:
二

)
’二
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)

。
,

。

〕(R ,
)
,

,

* 一 iL 。; ,
,

*

V

; 。
,

。

L
。 :

A
。

,

*
+

i L

, : B
,

,

* 一 (iL
胡

)

2 :
(

B
;

)

阴
,

*

〕(R V )
。

,

。
.

T h
e a

b
o v e e

q
u a t i

o n s a
re

a s e t o
f

s
i m P l

e
li

n e a r e
q

u a t i
o n

.

T h
e

y
a r e v e r

y

t h
e

F
o u r

i
e r c o e

ffi
c

i
e n t s o

f t h
e t a n

g
e n t i

a
l

v e
l
o c

i
t y

,

气
·

B

a s e

d

o n
t

h

e r e
t

r

i

e v e

d

(

1
0

)

e a s

y
t

o s o

l

v e

fo

r a

l l

t
a n

g

e n
t

i

a

l

v e

l

o e

i
t

y

,

t h
e

d i
v e r

g
e n e e

fi
e

l d

a n
d t h

e v o r t i
e

i t y fi
e

l d
c a n

b

e e a
l
e u

l
a t e

d

e o n v e n
i

e n t
l y

.

5

.

Th

e
S

um

m

a 尽 ofl he S
lgD

alP roees s动9 P ro ee
du

re C an B e O u t
lin

e d as FO llo
w

( 1) S et a n a ly sis re g io n in p o la r c o o rd in a tes
.

(2 ) E x te n d th e a n a ly sis d o m a in
,

fr
o

m E

,

F

,

G

,

H i
n

F i g

.

3 t o
E

‘,

F

‘,

G

‘,

H

‘
.

(
3

)
C

a
l
e u

l
a t e t h

e
k

n o
w

n
fu

n c t i
o n s

i
n t h

e r
i g h t h

a n
d

s
id

e o
f E q

.

(
6

)

.

(
4

)
C

a
l
e u

l
a t e t h

e
F

o u r
i
e r e o e

ffi
e

i
e n t o

f 叽 based on Eq
.
(6)

.

(5) R etrieve Cand D aeeording to the above 叽
.

(6)F ilter

(7)T ransfo rm coordinatesagain fo r display by bilinearinterPolation
.
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I
n

fl
u e n c e o

f d
o

m
a

i
n e x te n s

i
o n s a n

d w
e

ig h t 几netio ns. In F igs
.a ,

b

,
e

,

t
h

e s o
l i d I i

n e
i

n
m i d d l

e o
f

c u r v e r e
P

r e s e n
t

s

o r
i g i

n a
l

v a r
i
a

b l
e

fi
e

l d
s

.

T h
e n

d
a s

h
一

d
o t li

n e r e
P

r e s e n ts t h
e

w
a y s o

f
e x te n

d
ln

g d
o

m
a

i
n

.

O th
e r e u r v e s r e

P
r e se n t d if-

fe
r e n t w e

ig h t i
n

g fo
n c t i

o n s
.

(
a

)
s
h

o w s
h

o w e x te n
d i

n
g

u
(
v
)

e o
m p

o n e n ts a r e e x t e n
d

e
d ;

( b )
a n

d (
e

)
s
h

o
w d i

ffe

r e n t

w
a

y
s o

f
e x te n

d i
n

g 蛛; (d ) show s retrieved vortieity field (10
一 3

)

.

D
a s

h
一

d
o t l i

n e s
h

o
w

s t h
e e x te n

d
e
d d

o
m

a
i
n

,

d
a s

h
e

d l i
n e n o e x

t
e n

d
e

d
a n

d
5 0

1
一
d li

n e s
h

o w s o r
ig i

n a
l

v o r t i
e
i ty fi l

e
ld

-

V
.

R E S U L T S

.

D
e s e r

iP t i
o n o 尹’E 义详r

im
en rs

E x Perim en ts h ave been p erfo rm ed to exam in e the P erfo rm ance and eaPab ility of th e

retrieval m eth od
.
D etails o f th e retriev al m eth od are varied to test th e algorith m ’ 5 s e n s

i t i
v

i t y

u n
d

e r v a r
i
o u s c

i
r e u

m
s t a n e e s

,
s u c

h
a s t h

e
P

r e s e n e e o
f

o

b

s e r v a t i
o n a

l
e r r o r s

,

m i
s s

i
n

g
o

b
s e r v a t i

o n s
,

d i

ffe

r e n t e o

m b i
n a t i

o n s o
f d

o

m

a
i

n a n
d w

e
i g h t i

n
g

fu

n c t i
o n s

,
a s

w
e

l l

a s v a r
i

a t i
o n s

i

n
w i

n

d

s
h

e a r

e o

m P
o n e n t a n

d
e o e

m

e
i

e n t 戊 in t h e e o n e e P t u a l m
o d e l

,
e t e

.

D

u e t o t h
e

l i m i t a t i
o n o

f
t h

e e o

m P
u t e r

e o r e

m

e

m

o r
y

,

E q

.

(
6

)
1

5 s o
l

v e
d i

n t h
e

d
o

m

a

i

n
b

o u n
d

e
d b y t h

e
d

a s
h

e
d l i

n e s s
h

o
w

n

i

n
F i g

.

1

.

(
2 0

k m

X
2 0 k m )

w h i l
e

E q
s

.

(
9

)

a n
d

(
1 0

)

a r e s o
l

v e

d i
n t h

e o r

i g i
n a

l 3 2 k m

x
3 2 k m d

o

m

a

i

n

.

B
u t t h

e

l
a t t e r r e s u

l t s a r e a

l

s o s
h

o
w

n

i

n t h
e

2 0 k m

X
2 0 k m d

o

m

a
i

n
i
n o r

d

e r t o c o

m P
a r e

w i
t h t h

e r e s u

l
t s

fr
o

m E q

.

(
6

)

.

(
l

)
T h

e s u e e e s s o

f
t

h

e r e t r
i
e v a

l 1
5

m

e a s u r e

d b y R
M

S
e r r o r s a n

d t
h

e r a
t i

o o

f m

a x

i m

u

m

o
f D

,

否and 叽
retrieved to thatcalculated by a spectralm ethod and 叽 fr om the m odeloutput

·

T
h

e

R

M

S

e r r o r s a r e

d

e

fi

n e

d b y



、s 一

(
M

X
N

re
s P e e tiv e ly

.
H e r e F d e n o te s e ith e r d iv e r g e n e e ,

v o r t i
e

i t y
o r t a n

g
e n t v e

l
o e

i t y

.

T h
e s u

b
s e r

i P t r o r e

s t a n
d

s

fo

r t
h

e r e t r
i

e v e

d

o r
3

一
D m

o
d

e l o u tP u t fi e ld
s r e s P e e t iv e ly

.

M
a n

d N
r e P r e s e n t th e n u

m b e r

o f th e g r id p o
i
n ts i

n e a e h o f th
e d ir e c tio n s

.

( 2 ) O b s e r v a tio n a l e r r o r s w e r e s im
u la te d b y a

d d in g th e a c t u a l v a lu e o f Vr fi e ld a t e v e r y g r id

P o in t t o th
e n o r

m
a l r a n

d
o

m
e r r o r

V
r

一 V
,

X
( l + K E )

,

w h
e r e

Vr
1

5 t h
e v a

l
u e o

f m

o

d

e
l

o u t P
u t

,

E i
s a n o r

m

a
l l y d i

s t r
i b

u t e

d

r a n

d

o

m

v a r

i

a

b l

e
g

e n e r a t e

d b y

t h
e e o

m P
u t e r

.

W h

e n

K
= 0

.

1
a

1 0
%

r a n

d

o

m

e r r o r
1

5 a
d d

e

d
t o t h

e o
b

s e r v a t i
o n s

.

2

.

丑兀详r
im

en ts

F igu re 6 reP resents the o rigin al fi eld s at 3
.
75 km heigh t fr om m o del o u tPu t in P olar

co ord in ates eo rresvo nd ing to the area enelosed b y the dash ed lin es in F ig
.
la w hieh are ealeu

-

la ted by a speetralm eth od
.
T w o eriteria are used to m easure th e su eeess of the retrieval: (a) the

ra tio of m axim um valu e in th e retrieval fl eld to th at in th e m o delo utP u t and (b) the R M S erro r

of th e fo rm er,

N

o
t

e
t

h

a
t t

h

e e x
t

r e

m

e v a

l

u e s

i

n

F
i

g

.

6

a r e

w

e a

k

e r
t

h

a n
t

h

e c o r r e s

P

o n

d
i

n

g

o n e s

i

n

F
i

g

.

1

.

I
t

1

5 a n

i

n e v

i
t

a

b l

e o u
t

e o

m

e o

f

u s

i

n

g b i l i

n e a r

i

n
t

e r

P

o

l

a
t

i

o n s e

h

e

m

e
t

o

P

e r

fo

r

m

c o o r

d
i

n a
t

e

s

y

s
t

e

m

t
r a n s

fo

r

m

a
t

i

o n

fr

o

m

t
h

e

m

o

d

e

l C

a r
t

e s

i

a n
t

o

P

o

l

a r s

i

n e e a n e x
t

r e

m

e

P

o

i

n
t

i

n
t

h

e

C

a r
t

e s

i

a n e o o r

d i

n a
t

e s

d

o e s n o
t

n e e e s s a r

i l y
fa

l l

o n
t

o a

g

r

i d P

o

i

n
t

i

n
t

h

e

P

o

l

a r e o o r

d i

n a
t

e

.

W

e

h

a v e n o r e a s o n
t

o e x

P

e e
t t

h

e

i

n

t

e r

P

o

l

a
t

e

d
fi

e

l
d

s
t

o s

h

o

w
m

a x

i m

u

m

o r

m i

n

i m

u

m

v a

l

u e s

w i
t

h

s a

m

e s
t

r e n

g
t

h

a s
t

h

e o r

i g i

n a

l fi

e

l
d

s

.

O

u r

m

a

i

n e o n c e r n

h

e r e

1

5
t

o

i

n s u r e
t

h

a
t t

h

e
t

w

o

g

r

i
d

s

h

a v e

s

i m i l

a r

g

r

i d d

e n s

i

t
y

,
r a t h

e r t
h

a n e o n s e r v e t h
e e x t r e

m

e v a
l

u e s

d

u r
i

n
g t

h

e
g

r
i d

t r a n s

fo

r

m

a t
i

o n

T h
e

R
M

S
e r r o r s

h
o

w
n

i
n t h

e
F i g

.

6 1
5 e a

l
e u

l
a t e

d fr
o

m

e o r r e s
P

o n
d i

n
g fi

e
l d

s
i

n t h
e

C
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e r

fo

r

m

a n e e o

f t h

e

m

e t
h

o

d

,
u s

i

n
g

a

3
一

D
e o n v e e ti

o n
m

o d e l a s a te s t b
e d

.
T h e fl o w s im

u
l
a t e

d b y t h
e

m
o

d
e l P r o v

id
e
d d

a ta fo
r t h is

s tu d y
.

M
a

i
n e o n e lu s

i
o n s a r e a s

fo ll
o w s :

( l ) T h
e v o s

iti
o n o

f
a s tr o n

g ly
e o n v e e t iv e e e

ll 1
5

fi
r s t l

o e a te d b y u s
i
n g th

e P P I a n
d R H I

se a n n in g
,

a n d t h
e n t h

e v e r t
i

e a

l

s
h

e a r

i
n g

o
f t h

e

h

o r

i

z o n t a
l w i n d fi

e
l d 1

5 e a

l

e u

l

a t e

d b y m

e a n s o
f t

h

e

V A D d

e t e e t i
o n s e

h
e

m

e t o

m

a

k

e
P

r e
P

r o e e s s

i

n
g

o

f
t

h

e

d

a t a
,

w i t h w h i

e

h
t

h

e
d

o

m

a
i

n
1

5

d

e t e r

m i

n e
d

t
h

a t a n s
w

e r s r o u
g h l y t h

e
P

u r
P

o s e o

f
t h

e c o n e e
P t u a

l m

o

d

e

l

.

(
2

) G i

v e n e o

m p l
e t e o

b

s e r v a t
i

o n s o
f

a s

i

n
g l

e

D

o
p P l

e r v e
l

o e
i t y

e o

m p
o n e n t

,

i
n r e

g i
o n s

w h
e r e

t
h

e e o n c e
P t u a

l m
o

d
e

l h
o

l d
s

,

t
h

e o t h
e r v e

l
o e

i t y
e o

m P
o n e n t s e a n

b
e s a t i

s

fa

e
t

o r

i l y
r e t r

i

e v e
d w i t h

a

re

a s o n a

b l

e a

m

o u n
t

o
f

e o

m p
u t

i

n

g

e

ffo

r
t

.

A l
t

h

o u
g h

t w
o

p
e a

k
v a

l
u e s

i

n t
h

e r e t r

i

e v e

d 叽
and C

fields show relative am plitudesdiffe
rento〔th

ose in th e original on es
,

t
h

e
i
r o v e r a

l l
s t r u e t u r e s a r e

s t i l l i d
e n t i

e a
l w i t h

o u t s
i g

n
i fi

e a n t d i
s t o r

t i
o n

.

T h
e e o n s e r v a t i

o n o
f w i

n
d P

a t t e r n
1
5 a n

i m P
o r t a n t

r e s u
l t i

n
m

e s o s e a
l
e

w
e a t

h
e r a n a

l y
s
i
s a n

d P
r e

d i
e t

i
o n

.

(
3

)
T h

e s
P

a
t i

a
l d i

s t r
i b

u t
i
o n o

f
r e

t
r

i
e v e

d d i
v e r

g
e n e e

1
5 n o t t

o o s e n s
i
t
i
v e

t
o t h

e
d

e
g

r e e
i
n

w h i
e

h

t
h

e c o n e e
P t u a

l m
o

d
e

l h
o

l d
s

.

E
v e n

i f
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m P l
e

t
e

l y i
r r o t a t

i
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o

w 1
5 a s s u

m
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d
t h

e
P

a t t e r n o
f



,
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g h t h

e v a

l

u e s a r e

o v e r e s t i m

a t e
d

.

T h
e

fi
e

l d w h

o s e

m

a
g

n
i t u

d

e
1
5

l
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g
e s t 1

5
b

e t t e r r e t r

i

e v e

d w h
e n o t h

e r
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e

l d

s a r e s e t

a s Z e f O

.

(
4

)
T h

e

fo l l
o

w i
n

g p
r o c e

d

u r e

1

5 t a
k

e n :

i
)

e x t e n

d
t

h

e

d

o

m

a
i

n
;

1 1 ) m

u
h i p l y t h

e
w i

n
d

e o

m p
o n e n t

b y t h
e

w
e

i g h
t i

n
g

fu

n e t i
o n t o e o n t r o

l t
h

e

b

o u n
d

a r
y p

r o
b

-

l
e

m ;

1 1 1 )
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l
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t h

e e

l

o s e

d

e
q

u a t
i

o n s e t
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r t
h

e

fi

n

i
t e

d

o

m

a

i

n
w i

t
h p

e r

i

o

d i

e

b

o u n

d

a r
y

e o n

d i t i

o n u s

-

i

n
g F F T t e e

h

n
i q

u e
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fi l t e r
i

n
g

.
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h
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e v e
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i
t s

i
n

fl

u e n e e o n t
h

e
P

e r
t

u r
b

a t
i

o n

fi

e
l d

s o
f D

a n
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,

e a

l

c u

l

a t e
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o

m t h
e r e

-

t r
i

e v e

d 叽
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1
5

m i

n o r a n
d

n e
g l i g i b l

e

·

(

5
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I
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P

r

i

n e

i
P l

e

,
c o n t r

i b
u t

i

o n
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o

m

e v e r
y

s
P

e e t r a

l l i
n e o

f
a v a r

i
a

b l

e

m

u s t b
e e o n s
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e r e

d
t o

o
b t a

i
n e x a e t r e t r

i
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e
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s
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I
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o n t
h
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l

s t r u e t u r e o
f t h

e v a
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i

a
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e s

i
n

E q

.

(
6

)

,
a v a r

i

a
b l

e
w i t h

s

i m p l
。 s t r u e t u

re 1
5

re p l a e e
d b y i t s m

e a n v a l u e s w h i e h h a s l a r g
-

e s t a
m p li t

u d e a
m

o n g t h
e s p e c t r a l l in e s : w h e r e a s a c o

m p l i
c a t e v a r

i
a b l e

,
s u c

h

a s

叽
or Vr

,

k
e e

p
s

e o n t r
i b

u t
i

o n s

fr

o

m

a
l l i

t s s
p

e e t r a
l l i

n e s

.

E q

.

( 9 )

t
h

u s o

b
t a

i

n e

d p
r o e e s s e s a s o

l

u t
i

o n t h
a t

1

5 v e r
y

e
l

o s e t o t h
e s o

l
u t

i

o n o

f E q

.

( 6 )

.

T h
e s o

l u t i
o n o

f E q

.

(
1 0

)
1

5 a

l

s o v e r
y

e
l

o s e t o t
h

a
t

o
f E q

.

(
6

)

.

A I

-

t
h

o u
g h 心fi eld 15 sm aller in am Plitu de

,

t h i

s r e a s o n a

b l
e s

i m P l i fi

e a t
i

o n

m

a

k

e s o u r r e
t

r

i

e v a

l m

e t
h

o

d

b
e o

f p
r a c t i

e a
l

v a
l

u e

i

n o
v

e r a t
i

o n a n a

l y
s e s

.

I
n

p
a r t

i

e u

l
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,

t
h

e s o
l

u t
i

o n o

f E q

.

(
2 0 ) re q

u

i re

s

ve

r
y

l i t t l
e e o

m P
u t e r t i m

e
,

s u e
h t

h

a t
i

t
1

5 e o n v e n

i

e n
t fo

r
q

u a s

i

一re a
l tim

e P r o e e s s
i
n g

.

( 6 ) T h
e a lg o r ith m

e a n to l
e r a te r a n

d
o

m
o

b
s e r v a ti

o n a
l

e r r o r s a t l
e a s t u P t o 1 0 %

o
f th

e o
b

-

s e r v e
d m

a g n it u d e
.

G
e n e r a lly

,
a s t h

e a

m

o u n t o
f t h

e o

b

s e r v a t
i

o n s

d

e e r e a s e s
,

t h
e

P
e r

fo

r
m

a n e e o
f

t h
e r e t r

i
e v a

l 1
5

d
e

g
r a

d
e

d

.

H
o

w
e v e r

,

t h

e

m i

s s

i

n
g

o

b

s e r v a t
i

o n s e a n

b

e e o

m P
e n s a t

e

d b y t h

e s
P

a e e

s

m

o o t h i
n

g
e o n s t r a

i
n t

.

I
n o u r

b
e s t e

f fo

r t

,

w
e

h
a v e e o n s

i d
e r e

d
t
h

e u s e o
f

r e a
l d

a t a
i
n

t h i
s

m
e t

h
o

d
t o r e t r

i
e v e t h

e

P
e r t u r

b
a t

i
o n

fi
e

l d

,

b

u t P
r o

b l
e

m

s r e

m

a
i

n

.

A l t h
o u

g h

,

t
h

e a

m

o u n t o
f

e o

m P
u

t
a t i

o n o
f t h

e r e t r

i

e v a
l

m

e t h
o

d
n e e

d
e

d d

o e s n o t r e s t r
i

e t i t s
P

r a e t i
e a

l

a
P P l i

c a t i
o n

,

t
h

e a

d j

u s t
m

e n t o
f t

h

e

fu

n e t
i

o n a
l

r e

l

a

-

t
i

o n s

h i P t o t h
e o

b

s e r v a t i
o n s s e t s a

l i m i t t o t
h

e a r e a o v e r
w h i

e

h
t

h

e

m

e
t h

o

d

c a n
b

e a
P P l i

e

d w i t h

s u

ffi

c

i

e n t P
r e c

i

s
i

o n

.

A d i

ffe

r e n
t

fu

n c t
i

o n a
l

a s s u

m P t
i

o n e o u

l d b

e

m

o

re

a

d

e
q

u a
t

e

.

N

e

ve

r t
h

e

l

e s s
,

t h
e a

P P
r o a e

h P
r e s e n t e

d h

e r e s e e

m

s v e r
y P

r o

m i

s

i

n
g

a n

d

s
h

o u
l d b

e
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r t
h

e r e x
P l

o r e

d i
n t

h

e

fu

t u r e

s t u
d i

e s

.

W
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e t o D
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